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A PROACTIVE APPROACH TO

resuscitation and intensive
care of extremely preterm
infants (�27 gestational

weeks) has increased survival and low-
ered the gestational age of viability.1-4

There are concerns that increased sur-
vival may come at the cost of later neu-
rodevelopmental disability among sur-
vivors. Approximately 25% of extremely
preterm infants born in the 1990s had
a major disability at preschool age, such
as impaired mental development, ce-
rebral palsy (CP), blindness, or deaf-
ness.5,6 More recent studies report de-
creasing,7,8 unchanged,2 or increasing
rates of neurodevelopmental disabil-
ity9-11 at preschool age compared with
previous decades. The most immature
infants, ie, those born before 25 weeks
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Importance Active perinatal care increases survival of extremely preterm infants; how-
ever, improved survival might be associated with increased disability among survivors.

Objective To determine neurodevelopmental outcome in extremely preterm chil-
dren at 2.5 years (corrected age).

Design, Setting, and Participants Population-based prospective cohort of con-
secutive extremely preterm infants born before 27 weeks of gestation in Sweden be-
tween 2004 and 2007. Of 707 live-born infants, 491 (69%) survived to 2.5 years.
Survivors were assessed and compared with singleton control infants who were born
at term and matched by sex, ethnicity, and municipality. Assessments ended in Feb-
ruary 2010 and comparison estimates were adjusted for demographic differences.

Main Outcomes and Measures Cognitive, language, and motor development was
assessed with Bayley Scales of Infant and Toddler Development (3rd edition; Bayley-
lll), which are standardized to mean (SD) scores of 100 (15). Clinical examination and
parental questionnaires were used for diagnosis of cerebral palsy and visual and hear-
ing impairments. Assessments were made by week of gestational age.

Results At a median age of 30.5 months (corrected), 456 of 491 (94%) extremely pre-
term children were evaluated (41 by chart review only). For controls, 701 had informa-
tion on health status and 366 had Bayley-lll assessments. Mean (SD) composite Bayley-
III scores (cognition, 94 [12.3]; language, 98 [16.5]; motor, 94 [15.9]) were lower than
the corresponding mean scores for controls (cognition, 104 [10.6]; P�.001; adjusted dif-
ference in mean scores, 9.2 [99% CI, 6.9-11.5]; language, 109 [12.3]; P� .001; ad-
justed difference in mean scores, 9.3 [99% Cl, 6.4-12.3]; and motor, 107 [13.7]; P�.001;
adjusted difference in mean scores, 12.6 [99% Cl, 9.5-15.6]). Cognitive disability was
moderate in 5% of the extremely preterm group vs 0.3% in controls (P� .001) and it
was severe in 6.3% of the extremely preterm group vs 0.3% in controls (P� .001). Lan-
guage disability was moderate in 9.4% of the extremely preterm group vs 2.5% in con-
trols (P� .001) and severe in 6.6% of the extremely preterm group vs 0% in controls
(P� .001). Other comparisons between the extremely preterm group vs controls were
for cerebral palsy (7.0% vs 0.1%; P� .001), for blindness (0.9% vs 0%; P=.02), and for
hearing impairment (moderate and severe, 0.9% vs 0%; P=.02, respectively). Overall,
42% (99% CI, 36%-48%) of extremely preterm children had no disability, 31% (99%
CI, 25%-36%) had mild disability, 16% (99% CI, 12%-21%) had moderate disability,
and 11% (99% CI, 7.2%-15%) had severe disability. Moderate or severe overall dis-
ability decreased with gestational age at birth (22 weeks, 60%; 23 weeks, 51%; 24 weeks,
34%; 25 weeks, 27%; and 26 weeks, 17%; P for trend� .001).

Conclusions and Relevance Of children born extremely preterm and receiving ac-
tive perinatal care, 73% had mild or no disability and neurodevelopmental outcome
improved with each week of gestational age. These results are relevant for clinicians
counseling families facing extremely preterm birth.
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of gestation, continue to have high
(�50%) impairment rates.12

Few outcome studies of extremely
preterm infants1-3,6,8,10,13-15 are popula-
tion based. Some may not represent re-
cent advances in perinatal care and
some are defined by birth weight, re-
sulting in a selection bias toward
growth-restricted infants. The Ex-
tremely Preterm Infants Study in Swe-
den (EXPRESS) is a national popula-
tion-based prospective study of all
infants born alive or stillborn before 27
weeks of gestation between 2004 and
2007. The high rate of infant survival
in this cohort (70%) was attributed to
active perinatal care.3 Active perinatal
care in Sweden includes easy and free
access to specialist perinatal care, cen-
tralization of extremely preterm births
to level lll hospitals, a low threshold to
provide life support at birth, and near
universal admission of infants born at
23 to 26 weeks for neonatal intensive
care.3

The a im of th i s prospec t ive
follow-up study was to assess neuro-
logical and developmental outcome of
the EXPRESS cohort at 2.5 years cor-
rected age in comparison with a
matched control group born at term.
Our primary hypotheses were that
preterm infants would have poorer
neurodevelopmental outcome than
term infants and that outcomes would
improve with increasing gestational
age within the preterm group. Our
secondary hypothesis was that the
outcome in preterm boys would be
worse than in girls and the outcome
in multiple births poorer than in
singleton births.

METHODS
Participants

The Extremely Preterm Group. Be-
tween April 1, 2004, and March 31,
2007, research coordinators (2 from
each of the 7 Swedish health regions)
collected perinatal and neonatal data on
all 1011 infants born before 27 com-
pleted gestational weeks.3 Gestational
age was based on ultrasound dating in
95% of the pregnancies. Live birth was
defined as an infant with any signs of

life at birth.3 Of 707 live-born infants,
497 (70%) survived to 1 year of age, of
whom 6 children died before 2.5 years
corrected age. Thus, the study cohort
comprised 491 children; no exclu-
sions were made. Follow-up ended in
February 2010.

The Control Group. Each preterm
child was matched with 2 children in
the control group, 1 for interview
and Bayley-lll assessment (Bayley
Scales of Infant and Toddler Develop-
ment, 3rd Edition16 ) and 1 for inter-
view only. A pool of 10 control par-
ticipants for each preterm child was
randomly selected from the Swedish
Medical Birth Registry. Selection cri-
teria were singleton at-term birth
with a 5-minute Apgar score greater
than 3 with matching of control par-
ticipants for place of living, sex, day
of birth, and maternal country of
birth. If it was not possible to find 10
children who met all selection crite-
ria, additional children were ran-
domly selected satisfying fewer
matching criteria. The 10 matched
control participants were ordered
according to matching quality and
the parents of the first 2 children on
the list were approached. If participa-
tion was declined, the second set of
parents was approached and if neces-
sary, the additional sets until 2 con-
trol participants agreed to participate
or the pool of 10 children was
depleted.

Clinical Assessments. At 2.5 years
of corrected age (2.5 years of chrono-
logical age for control participants), cer-
tified psychologists assessed cogni-
tive, language, and motor development
with the Bayley Scales of Infant and Tod-
dler Development (Bayley-lll). One au-
thor (K.S.) trained the psychologists
and standardized their performance.
Bayley-lll scales are standardized to a
mean (SD) score of 100 (15). Because
the Bayley-lll has not been standard-
ized in Sweden, test scores of those in
the preterm group were related to the
mean (SD) of the control group’s scores.
In accordance with other studies,17-19 we
regarded a mean group difference
greater than 5 points (equal to half a

standard deviation of our control group)
as clinically important.

Specialists in pediatric neurology or
pediatrics examined the children in
the preterm group, focusing on
neuromotor function. In the same
visit, parents of these children were
interviewed using a structured ques-
tionnaire that included questions
regarding parental education, child
health, and child development. Con-
trol participants were not examined
but nurses interviewed their parents
by telephone or the parents com-
pleted the same questionnaire (sent
by mail) used for parents of the pre-
term children. Maternal and paternal
educational levels were assessed by
SUN-codes20 representing the highest
educational achievement. The codes
were transferred to a quantitative
scale representing years of education
completed (1, �9 years of compul-
sory school; 2, 10-11 years; 3, 12-13
years; 4, 14-15 years; 5, 16 years; and
6, �17 years). Pediatric ophthalmolo-
gists assessed visual acuity in the pre-
term children. Psychologists and cli-
nicians were not blinded to the group
status because the examination of pre-
term children was part of a clinical
follow-up and the examiners were
familiar with most of the children.

Malformations were classified ac-
cording to the International Classifica-
tion of Diseases, Tenth Revision, but dis-
location of the hip (Q65.0-Q65.5),
preauricular tags (Q17.0), unde-
scended testes (Q53.0-53.9), and pat-
ent ductus arteriosus (Q25.0) were not
classified as malformations.

Forty-one children in the preterm
group were assessed through chart re-
view. Information from local pediatri-
cians, low-vision centers, and rehabili-
tation centers provided information that
we regarded as sufficient to allow as-
sessment of developmental and neuro-
sensory outcome.

The Regional Ethics Review Board,
Lund University, Lund, Sweden, ap-
proved the study. The parents pro-
vided written consent for examina-
tion of their children and for data
acquisition.
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Outcomes
Children in the preterm group were
compared with control participants for
cognition, language, and motor func-
tion according to the Bayley-lll scales;
mental developmental delay assessed by
Bayley-lll; cerebral palsy (CP), visual
and hearing disability, and a compos-
ite outcome of overall disabilities as de-
scribed further in this section. Cogni-
tive, motor, and language development
were considered normal if the compos-
ite score on the respective Bayley-lll
scale was � mean-1SD, mildly im-
paired if the score was�mean-1SD and-
�mean-2SD, moderately impaired if
the score was�mean-2SD and�mean-
3SD, and severely impaired if the score
was�mean-3SD. Mental developmen-
tal delay was included as an outcome
to allow comparisons with studies re-
porting the mental developmental in-
dex (MDI) of the Bayley-ll scale.21 Mild
mental developmental delay was de-
fined as a score � mean-1SD and-
�mean-2SD on either the cognitive or
the language composite scale, moder-
ate mental developmental delay
as � mean-2SD and � mean-3SD on
either scale, and severe mental develop-
mental delay was�mean-3SD on either
scale.

Definition of CP was defined accord-
ing to Bax et al22 and characterized as
hemiplegic, diplegic, tetraplegic, ataxic,
or dyskinetic. The severity of CP was
classified as mild in children who were
able to walk without an aid, moderate
in children able to walk with an aid, and
severe in children who were unable to
walk even with an aid.

Children unable to fixate and fol-
low a light with either eye were con-
sidered bilaterally blind. Children reg-
istered at low-vision centers without
blindness were recorded as having mod-
erate visual impairment. Moderate au-
ditory impairment was defined as hear-
ing loss corrected with a hearing aid and
severe impairment as hearing loss that
could not be corrected with a hearing
aid (deafness).

The overall outcome was character-
ized as no disability, mild disability, or
moderate and severe disability. Severe

disability was defined as any of the fol-
lowing: Bayley-lll composite cogni-
tive, language or motor score�mean-
3SD, severe CP, or bilateral blindness
or deafness. Moderate disability was de-
fined as scores between �2 and �3
standard deviations from the mean of
any of the Bayley-111 scales, moder-
ate CP, and moderate visual or hear-
ing impairment. Mild disability was de-
fined as scores between �1 and �2
standard deviations from the mean of
any of the Bayley-lll scales or mild CP.
The combined category of moderate
and severe disability corresponds to the
concept of moderate and severe neu-
rodevelopmental impairment in North
American7,12,23-25 and Australian8 studies.

Subgroup analyses were performed
based on week of gestation, sex, and
multiple births for preterm children.

Statistical Analyses

Differences in the demographic char-
acteristics between the preterm and
control groups were evaluated with
Fisher exact test, or with �2 test as
specified. The prevalence of neuro-
sensory disability between the pre-
term group and the control group was
compared with Fisher exact test.
Group differences in the mean Bayley-
lll composite cognitive, language, and
motor scores were assessed by 1-way
analysis of variance. When specified,
analysis of covariance was performed
when, besides Bayley scores, informa-
tion on parental education (quantita-
tive, scaled 1-6) and maternal country
of birth (Nordic vs non-Nordic coun-
try) was entered into the models.
Inclusion of other potential con-
founders (maternal age, parity, and
smoking) did not change the estimate
of the difference between case and
control part ic ipants nor did it
improve the proportion of variance.
Therefore, these factors were not
entered into the final models. Within
the preterm group, differences in sex
and between singleton and multiple
births in mean Bayley-III scores were
assessed by analysis of covariance
adjusting for gestational age; simple
linear regression analyses were used

to examine the relationship between
gestational age and each Bayley-lll
composite score within the preterm
group. Sensitivity analyses were per-
formed using the Cook distance
methods to identify outliers. Due to
the number of incomplete pairings
between preterm and control partici-
pants, it was not possible to perform
matched analyses.

Crude odds ratios (ORs) with exact
confidence intervals (CIs)26 were com-
puted to compare the risk for the dis-
ability categories between groups.
When the OR was indeterminable, the
P value from Fisher exact test was com-
puted. A 2-tailed P value of less than
.01 was regarded as statistically signifi-
cant. For the outcome categories, ORs
were estimated using multiple logistic
regression analysis adjusting for paren-
tal variables (maternal country of birth:
Nordic/non-Nordic, and maternal and
paternal educational level scaled 1-6),
or, as specified, in comparisons within
the preterm group, adjusting for ges-
tational age. Missing information on
maternal or paternal educational level
was replaced by the overall mean. Due
to multiple comparisons, the overall
level of significance was set to 1%. With
�=.01, we had 80% power to detect a
true difference of 0.25 standard devia-
tions between the mean Bayley scores
among preterm and control partici-
pants. The smallest detectable OR (with
�=.01 and 	=.8) for severe or moder-
ate overall disability, preterm chil-
dren vs controls, was 2.6 under the as-
sumption that this outcome occurred
in 3% of control participants. Statisti-
cal analyses were made using Gauss sta-
tistical software version 10 (Gauss,
Aptech Systems Inc).

RESULTS
Of 707 live-born preterm infants, 497
(69%) survived to 2.5 years corrected
age. Of these, 30 were not eligible
(FIGURE 1), 6 died between 1 year and
follow-up, and 5 declined participa-
tion; 415 were formally assessed with
a clinical examination and 399 were as-
sessed with the Bayley-lll scale. Base-
line charactistics of the extremely pre-
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term children, the children in the
control group, and their parents are
shown in TABLE 1 and TABLE 2. Forty-
one children were assessed by chart re-
view and outcome data of these chil-
dren are included in TABLE 3 (section
on mental developmental delay),
TABLE 4, TABLE 5, and TABLE 6, and
shown separately in eTable 2 (avail-
able at http://www.jama.com). Out-
come data at 2.5 years of age were thus
available for 456 (94%) of 491 pre-
term children (Figure 1).

More mothers of chart-reviewed chil-
dren were younger than 20 years com-
pared with mothers of formally as-
sessed children (15% vs 1.9%; P� .001).
Other demographic data including neo-
natal morbidity were similar (eTable 1).
The 5 children for whom participa-
tion was declined were all born to non-
Nordic mothers and did not have se-
vere intraventricular hemorrhage,
retinopathy of prematurity, or bron-
chopulmonary dysplasia, as defined
previously.29 Of 922 children in the con-

trol group, 701 had parental informa-
tion on their health status, and of 461
children in the control group who were
selected for Bayley-lll assessment, 366
were assessed (Figure 1).

Parental and Neonatal
Characteristics

In the preterm group, parental educa-
tion was lower and more mothers were
of non-Nordic origin than in the con-
trol group (Table 1; Table 2). The me-
dian corrected age at assessment was
30.5 months for preterm children and
the median chronological age was 30.9
months for the control participants. As-
sessment within the planned age win-
dow of 30
3 months was completed
for 96% of participants in the preterm
group and 91% in the control group.

Bayley-lll Assessments

Of 415 preterm children seen at follow-
up, 399 completed the Bayley-111 cog-
nitive scale, 393 the language scale, and
382 the motor scale (Table 3). In the

control group, 366 children were as-
sessed with Bayley-lll. Reasons for in-
complete examinations of children in
the preterm and control groups are
shown in Table 3.

The mean (SD) composite cognitive
score for children in the preterm group
compared with those in the control
group was 94 (12) vs 104 (11)
(P� .001), the mean composite lan-
guage score was 98 (17) vs 109 (12)
(P�.001), and the mean composite mo-
tor score was 94 (16) vs 107 (14)
(P�.001), respectively (Table 3). When
adjusted for maternal country of birth
and parental education, the mean dif-
ference in language scores was moder-
ately attenuated. For the cognitive, lan-
guage, and motor scores, the proportions
of variance explained (R2) in the full
models were 0.15, 0.18, and 0.16,
respectively.

Normal cognitive development or
mild cognitive disability was found in
88.8% (354) of children in the pre-
term group and in 99.5% (364) of

Figure 1. Neurodevelopmental Follow-up From Birth to 2.5 Years of Corrected Age for the Extremely Preterm Group (the EXPRESS Cohort)
and for the Term Control Group

461 Eligible for assessment

497 Alive at 1 year

707 Infants born alive

1011 Infants born alive or stillborn extremely
preterm (<27 wk)

286 543 Infants born at term (37-41 wk)

305 679 Infants born in Sweden, April 1, 2004, to March 31, 2007

456 Formally assessed or assessed by
chart review

30 Not eligible a

6 Died <2.5 y

415 Formally assessed (medical examination)
at 2.5 y of corrected age

399 Any Bayley-III performed

16 No Bayley-III performed

366 Any Bayley-III performed

335 No Bayley-III performed

41 Only chart review

279 559 Singletons with Apgar score >3
at 5 min alive at 30 mo

5 Declined

701 Control group

701 Telephone interview or parental
questionnaire at 2.5 y

461 Selected for Bayley-III

922 Selected control participants
(2 per preterm child)

4610 Selected pool of eligible control
participants (10 per preterm child)

221 Could not be
recruited

aMother had protected identity (n=3), families moved abroad (n=3), preliminary identity number given at birth did not match (n=24).
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control participants. Moderate cogni-
tive disability was present in 5.0%
(20) of children in the preterm group
vs 0.3% (1) in the control group
(P� .001), and severe cognitive dis-
ability was present in 6.3% (25) in the
preterm group vs 0.3% (1) in the con-
trol group (P � .001). Normal lan-
guage development or mild language
disability was found in 83.9% (330) of
children in the preterm group vs
97.5% (351) in the control group (all
g roup compar i sons , P � . 001)
(Table 3). Normal motor develop-

ment or mild motor disability was
found in 84.8% (324) of children in
the preterm group and in 98.6% (348)
of control participants. Moderate or
severe mental developmental delay
was seen in 20% (88) of children in
the preterm group vs 2.8% (10) in the
control group (P� .001).

Mean Bayley Composite Scores by
Gestational Age. Within the preterm
group, the Bayley-lll scores increased
with advancing gestational age at birth
by 2.5 points (99% CI, 1.0-4.0) per week
for the cognitive scores (P�.001), by 3.6

points (99% CI, 1.6-5.6) per week for
the language scores (P� .001), and by
2.5 points (99% CI 0.5-4.5) per week for
the motor scores (P=.001) (FIGURE 2).
Adjustment for infant sex altered the re-
sults only marginally (eTable 3).

The mean language score was 5
points lower in preterm boys com-
pared with preterm girls (P value for sex
comparisons �.001; eTable 4) but there
were no differences on cognitive or mo-
tor scores. There were no differences in
the performance on the 3 Bayley-lll
scales between singleton and multiple
births (eTable 5), or between infants
with or without congenital malforma-
tions (eTable 6).

Cerebral Palsy
and Sensory Disabilities

Cerebral palsy was present in 32 chil-
dren in the preterm group (7.0%; 99%
CI, 3.9%-10.1%). Of these, 13 chil-
dren had mild CP, 13 had moderate CP,
and 6 had severe CP. Only 1 child in
the control group had CP, which was
severe (Table 4). Twenty of the chil-
dren with CP in the preterm group had
diplegia, 5 had hemiplegia, 3 had quad-
riplegia, and 4 had CP of other types
(3 dyskinetic and 1 CP of unknown
type). Sensory disabilities in preterm CP
children were rare; 1 child was blind
and deaf.

Preterm children with CP and
tested with Bayley-lll (n=26) had sig-
nificantly lower mean composite
scores in all 3 scales than children
without CP (gestational age adjusted
mean difference for cognition, 11
points lower (99% CI, 5-17), P� .001;
for language, 9 points lower (99% CI,
0-17), P = .01; and for motor, 22
points lower (99% CI, 14-30),
P� .001) (eTable 7).

In the whole preterm cohort, 4 chil-
dren (0.9%; 99% CI, 0.1-2.4) were blind
and 1 child was deaf compared with no
blind or deaf children among the con-
trol participants.

Overall Rate of Disabilities

The overal l rate of disabi l i t ies
(Table 5) includes performance on
the Bayley-lll assessments, mental

Table 1. Baseline Characteristics of Children Born Extremely Preterm, Children Born at Term
(Control), and Parents

Groups, No. (%)

P
Value

Extremely
Preterm

(�27 weeks)
(n = 456)

Control
(37-41 weeks)

(n = 701)

Maternal Characteristics
Age, y

�20 14 (3.1) 9 (1.3) .05a

�35 136 (29.8) 162 (23.1) .01a

Non-Nordic country of birth 79 (17.3) 31 (4.4) �.001a

Primiparity 269 (59.0) 322 (45.9) �.001a

Smoking in early pregnancy 77 (16.9) 32 (4.6) �.001a

Education, y
�9 46 (14.1) 28 (4.5)

10-11 36 (11.0) 56 (9.1)

12-13 114 (34.9) 207 (33.5)

14-15 70 (21.4) 143 (23.1) �.001b

16 29 (8.9) 97 (15.7)

�17 32 (9.8) 87 (14.1)

Not known 129 83

Paternal Characteristics
Education, y

�9 50 (15.6) 48 (8.0)

10-11 46 (14.3) 73 (12.1)

12-13 129 (40.2) 212 (35.2)

14-15 41 (12.8) 101 (16.7) �.001b

16 21 (6.5) 80 (13.3)

�17 34 (10.6) 89 (14.8)

Not known 135 98

Infant Characteristics
Gestational age at birth, mean (SD), wk 25.4 (1.1) 39.9 (1.1)

Birth weight, mean (SD), g 783 (172.3) 3610 (475.5)

SGA infantc 73 (16.0) 7 (1.0) �.001a

Male sex 248 (54.4) 387 (55.2) .81a

Congenital malformationsd 47 (10.3) 4 (0.6) �.001
Abbreviation: SGA, small for gestational age.
aP values determined using the Fisher exact test.
bP values determined using the �2 test for overall heterogeneity between groups considering all classes of the variable

in question.
cSGA indicates birth weight of less than mean-2SDs of the Swedish standard population.27

dCongenital malformations considered as mild conditions (dislocation of the hip, preauricular tags, undescended tes-
tes or patent ductus arteriosus) were excluded.
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developmental delay, CP, and visual
and hearing disabilities. Of the 456
preterm children assessed at 2.5
years corrected age (Table 5), 42.1%
(192) were classified as normal (vs
78.1% [286] of control participants),
30.7% (140) as having had mild dis-
abilities (vs 18.6% [68] of control
participants), and 27.2% (124) as
having moderate or severe disabili-
ties (vs 3.3% [12] of control partici-
pants) (P� .001 for all comparisons
between preterm and control par-
ticipants).

In preterm children with severe
overall disability (n=50), severe men-
tal developmental delay was the pre-
dominant disability found in 78% (39/
50) of the children. Severe CP was
found in 12% (6/50 children), blind-
ness in 8.2% (4/50 children), and
deafness in 1 child.

Overall Disabilities by Gestational
Age. The proportion of children with
mild or no disabilities increased from
40% at 22 weeks to 83% at 26 weeks
(P� .001 for trend; Table 6). Moder-
ate or severe disabilities decreased with
advancing gestational age at birth (22
weeks, 60%; 23 weeks, 51%; 24 weeks,
34%; 25 weeks, 27% ; 26 weeks, 17% ;
P� .001 for trend). For moderate dis-
abilities, the OR for 1 week increase
compared with no disability was 0.55
(99% CI, 0.39-0.79), and for severe dis-
abilities 0.58 (99% CI, 0.39-0.86) (both
P� .001).

Moderate or severe disabilities
were found in 31% (77/248) of pre-
term boys and in 23% (47/208) of
preterm girls (P = .02 adjusted for
gestational age; eTable 8). There were
no differences in the overall outcomes
between singleton and multiple births
(eTable 9).

DISCUSSION
In EXPRESS, 70% of live-born infants
survived infancy,3 which is higher than
reported in comparable studies.1,2,6,8,14,15

At follow-up, 42% of preterm children
who survived to 2.5 years had no dis-
ability compared with 78% of control
participants. For most preterm chil-
dren with disabilities, disabilities were

mild (31%). In contrast to studies re-
porting outcome unrelated to gesta-
tional age,6,13,14 we found an increase in
moderate or severe disabilities with de-
creasing gestational age. In contrast to
other studies,6,30,31 the difference in
overall outcome between preterm boys
and girls was not statistically signifi-
cant, and we did not find differences in
preterm outcomes between singleton
and multiple births.

Until recently, Bayley-ll21 has been
the standard tool for follow-up stud-
ies, with moderate or severe mental de-
velopmental delay being defined as a
mental developmental index (MDI) of
less than 70 (�mean-2 SD). Bayley-lll
subdivides the Bayley-ll components for
MDI into cognition and language. To
be able to compare the results from Bay-
ley-lll and Bayley-ll, the lowest score for
cognition and language from the Bayley-
lll scales is regarded as an estimate of
MDI.8,32

Cognitive and language composite
scores in preterm participants were 0.9
standard deviations lower than in con-
trol participants, and 20% had moder-
ate or severe mental developmental de-
lay. In a recent Australian study8

(gestational age �28 weeks), mental de-
velopmental delay was assessed at 24
months with the Bayley-lll scale and de-
fined as in our study. The results were
similar to ours with moderate or se-
vere mental delay being found in 16%.
In other studies of children born ex-
tremely preterm6,7 ,14 or with ex-
tremely low birth weight (�1000 g),23,24

mental developmental delay ranged
from 22% to to 37%. In these studies,
however, the Bayley-II Scales were used
and comparisons have to be made with
caution.

Results for children in the preterm
group were related to those of a con-
trol group born at term that was found
to have mean scores greater than 100
for all 3 Bayley-lll scales. If the perfor-
mance of preterm children had been
compared with published norms, the
combined prevalence of moderate and
severe disabilities would have been
lower (mental developmental delay: 7%
vs 20%; cognitive: 5.2% vs 11%; lan-

guage: 6.1% vs 16%; motor: 7.1% vs
15%). Without a study-specific con-
trol group, Bayley-lll assessments may
underestimate developmental de-
lay.33-35

Preterm children from socially dis-
advantaged families may have poorer
neurodevelopment.25,36,37 Despite
matching, the final frequencies of low
parental education and non-Nordic ori-
gin of mothers were higher in preterm
infants than in control participants. Af-
ter adjustment for education and ma-
ternal country of birth, the differences
in mean cognitive and motor scores
changed only marginally, whereas the
effect on language was slightly larger,
presumably because more preterm chil-
dren did not have Swedish as their first
language.

Table 2. Infant Characteristics for the
Preterm Group

Neonatal Data
No. (%)

Multiple birth 86 (18.9)

Gestational age
(completed weeks)

22 5 (1.1)

23 47 (10.3)

24 86 (18.9)

25 151 (33.1)

26 167 (36.6)

Apgar score �4 at 5 min 33 (7.2)

Preterm prelabor rupture
of membranesa

55 (12.1)

Iatrogenic preterm birtha 120 (26.3)

Spontaneous preterm labora 281 (61.6)

CRIB score �10b 42 (9.2)

IVH grade �3c 47 (10.3)

ROP stage �3c 156 (34.2)

Any BPDc 333 (73.0)

Severe BPDc,d 102 (22.4)

Breast milk at discharge 230 (50.4)

Antenatal steroids, any 411 (90.1)

Antenatal steroids,
full course

310 (68.0)

Postnatal steroids for BPDc 128 (28.1)
Abbreviations: BPD, bronchopulmonary dysplasia; CRIB,

Clinical Risk Index for Babies; IVH, intraventricular hem-
orrhage; ROP, retinopathy of prematurity.

aSee Fellman et al3 for definitions of preterm prelabor rup-
ture of membranes, iatrogenic preterm birth, and spon-
taneous preterm labor.

bSee the International Neonatal Network for explanation of
CRIB scoring.28

cSee the EXPRESS Group29 for definitions of IVH, ROP, and
BPD.

dSevere BPD indicates an oxygen requirement of greater
than 30% at 36 weeks corrected age.

NEURODEVELOPMENTAL OUTCOME IN EXTREMELY PRETERM INFANTS

©2013 American Medical Association. All rights reserved. JAMA, May 1, 2013—Vol 309, No. 17 1815

Downloaded From: https://jamanetwork.com/ on 05/22/2023



The prevalence of CP (7%) was lower
than in other studies (9.8 to 28%).6,8,10,13,14

Almost half had mild CP with excellent

prognosis for independent mobility, al-
most half had moderate CP with good
prospects for ambulation with aid, and

only a small percentage had severe CP
(1.3% of all preterm children). The
prevalence of blindness (0.9%) and deaf-

Table 3. Bayley-lll Scores (Composite Cognitive, Language, and Motor) and Mental Developmental Delay in Children Born Extremely Preterm
Compared With Children Born at Term (Control)

Groups

Difference Between Means in the
Extremely Preterm and Control Groups

Extremely Preterm
(�27 wk)

Control
(37-41 wk)

No.a Mean (SD) [95% CI] No.a Mean (SD) [95% CI]
Crude, Mean

Difference (95% CI)
Adjusted, Mean

Difference (95% CI)b
P

Value

Bayley-lll Scores, Composite
Cognitive 399 94 (12.3) [93-96] 366 104 (10.6) [102-105] 9.3 (7.2-11.5) 9.2 (6.9-11.5) �.001

Language 393 98 (16.5) [97-100] 360 109 (12.3) [107-111] 10.9 (8.2-13.7) 9.3 (6.4-12.3) �.001

Motor 382 94 (15.9) [92-96] 353 107 (13.7) [105-109] 12.5 (9.7-15.4) 12.6 (9.5-15.6) �.001

OR (95% CI) P
Value

Crudec,d Adjustede

Bayley Disability Categories, No. (%) f
Cognitive, No. 399 366

No disability (scores �95) 258 (64.7) 337 (92.1) 1 [Reference] 1 [Reference]

Mild (scores 83-94) 96 (24.1) 27 (7.4) 4.6 (2.6-8.7) 4.3 (2.3-7.9) �.001

Moderate (scores 72-82) 20 (5.0) 1 (0.3) 26.1 (3.3-2750) �.001

Severe (scores �72) 25 (6.3) 1 (0.3) 32.7 (4.2-3400) �.001

Language, No. 393 360

No disability (scores �97) 241 (61.3) 322 (89.4) 1 [Reference] 1 [Reference]

Mild (scores 85-96) 89 (22.6) 29 (8.1) 4.1 (2.3-7.6) 3.5 (1.9-6.4) �.001

Moderate (scores 72-84) 37 (9.4) 9 (2.5) 5.5 (2.2-16.3) 5.1 (1.9-13.8) �.001

Severe (scores �72) 26 (6.6) 0 �.001

Motor, No. 382 353

No disability (scores �94) 216 (56.5) 307 (87.0) 1 [Reference] 1 [Reference]

Mild (scores 80-93) 108 (28.3) 41 (11.6) 3.7 (2.2-6.4) 3.9 (2.3-6.7) �.001

Moderate (scores 66-79) 37 (9.7) 5 (1.4) 10.5 (3.4-46.3) 9.9 (2.8-35.2) �.001

Severe (scores �66) 21 (5.5) 0 �.001

Cognitive, language or motor, No. 399 366

No disability 159 (39.8) 286 (78.1) 1 [Reference] 1 [Reference]

Mild 141 (35.3) 68 (18.6) 3.7 (2.4-5.9) 3.6 (2.3-5.7) �.001

Moderate 60 (15.0) 11 (3.0) 9.8 (4.2-25.8) 9.5 (3.9-23.2) �.001

Severe 39 (8.9) 1 (0.3) 50.2 (6.7-5160) �.001

Aggregated
Mental developmental delay (Bayley-lll

cognitive or language score and
information from children assessed
by chart review), No.g,h

440 366

No disability 244 (55.5) 314 (85.8) 1 [Reference] 1 [Reference]

Mild 108 (24.5) 42 (11.5) 3.3 (2.0-5.6) 3.0 (1.8-5.0) �.001

Moderate 49 (11.1) 9 (2.5) 7.0 (2.8-20.4) 6.4 (2.4-17.1) �.001

Severe 39 (8.9) 1 (0.3) 50.2 (6.7-5160) �.001
Abbreviations: Bayley-lll, Bayley Scales of Infant and Toddler Development, 3rd edition; OR, odds ratio.
aReasons for missing assessments in the preterm group: did not speak Swedish (n=5), blindness (n=1), inattention/fatigue (n=2), cerebral palsy (n=6), and other motor disabilities (n=1);

no reasons were recorded for the remaining children (cognition, n=1, language, n=7, motor, n=18). Reasons for missing assessments in the control group: did not complete the
language scale (2 did not speak Swedish, 4 unknown reasons), 13 did not complete the motor scale (reasons not recorded).

bAdjusted differences between means obtained after analyses of covariance, adjusted for maternal country of birth (Nordic/non-Nordic) and maternal and paternal educational level
(scaled 1-6, see Methods).

cExact CIs.26

d In cases in which the ORs were indeterminable, the P values (Fisher exact test) are shown instead.
eAdjusted ORs obtained after multiple logistic regression analyses (when appropriate), adjusted for maternal country of birth (Nordic/non-Nordic) and maternal and paternal educational

level (scaled 1-6, see Methods).
fCategories of disabilities defined according to the mean and standard deviation of the control group as assessed with Bayley-lll: no disability (�mean-1SD); mild disability (�mean-1 and

�mean-2 SD); moderate disability (�mean-2 and �mean-3 SD); and severe disability (�mean-3 SD) relative to the control group (see Methods).
gSee Methods.
hThere were 41 preterm children assessed by chart review.
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ness (0.2%) in the total cohort was lower
than in most other studies.5-7,9,10,13,14,24

The combined categories of moder-
ate and severe overall disability (27%)
corresponded with moderate or severe
neurodevelopmental impairments in
North American7,12,23-25 and Austra-
lian9 studies. The rates were 34% and
35%, respectively, in 2 North Ameri-
can studies comprising extremely
low-birth weight infants,23,24 and 20%
in the Australian study8 of infants
born at less than 28 weeks gestation,
but children in these studies were
more mature at birth than in our
study. However, a recent UK study38

of children born at less than 27 weeks
gestation and assessed at 3 years of
age with Bayley-lll is comparable to
our study and showed similar results;
25% had moderate or severe disabil-
ity. The survival rate at 22 to 24
weeks was much lower in the UK
study than in our study and the
Bayley-lll results were not related to a
term control group.

In our study, the less favorable out-
come at 22 weeks compared with more
mature infants should be viewed with
caution because there were few survi-
vors (n=5). Thus the question of ac-
tive perinatal management of these in-
fants remains unanswered.

We attributed the high infant sur-
vival of the EXPRESS cohort to proac-
tive perinatal care.3 It could be specu-
lated that some of the interventions, by
avoiding physiological destabilization
around birth, not only increased the
chances for survival but also im-
proved the chances to survive intact
or with lesser degrees of disability.39

Besides a high degree of centralization
and active perinatal care, Swedish
neonatal care widely utilizes family-
centered developmental care and uni-
versally uses breast milk for infant nu-
trition. Breast milk has been shown to
have a beneficial effect on cognition at
preschool age17 and in our study, half
of the infants were breastfed at dis-
charge home.

The results also need to be inter-
preted in the light of the characteris-
tics of the Swedish society and health

care system. Sweden is a rather uni-
form society without extreme pov-
erty. Antenatal care is easily accessible
and utilized by close to 100% of moth-
ers. All citizens are covered by general

health insurance including a total of 480
days of parental leave after the child’s
birth and additional benefits for se-
verely sick children. We believe that our
results can be generalized to countries

Table 4. Cerebral Palsy and Visual and Hearing Impairments in Children Born Extremely
Preterm and Born at Term (Control)

Groups, No. (%)

P
Valueb

Extremely
Preterm

(�27 wk)a

(n = 456)

Control
(37-41 wk)a

(n = 701)

Cerebral palsy
Mild (ambulant without aid) 13 (2.9) 0 (0.1) �.001

Moderate (ambulant with aid) 13 (2.9) 0 �.001

Severe (nonambulant) 6 (1.3) 1 (0.1) .01

Any cerebral palsy 32 (7.0) 1 (0.1) �.001

Vision
Moderately impairedc 13 (2.9) 1 (0.1) �.001

Blindd 4 (0.9) 0 .02

Any vision impairment 17 (3.7) 1 (0.1) �.001

Hearing
Impaired hearing, corrected

with hearing aid
3 (0.7) 0 .06

Deaf 1 (0.2) 0 .39

Any hearing impairment 4 (0.9) 0 .02

Any cerebral palsy, vision or hearing disability
No disability 409 (89.7) 700 (99.9) �.001

Mild 13 (2.9) 0 �.001

Moderate 25 (5.5) 0 �.001

Severe 9 (2.0) 1 (0.1) �.001
aThe evaluation of children born extremely preterm was based on medical examination (n=415) or chart review (n=41)

and for children born at term in the control group, based on telephone interview or parental questionnaire.
bDifferences between the risk estimates for extremely preterm children and children born at term in the control group

are evaluated with Fisher exact test. The reference standard is children without any disabilities in each specific do-
main.

cRegistered at low-vision center.
dAccording to examination by an ophthalmologist.

Table 5. Overall Disability in Children Born Extremely Preterm and Children Born at Term
(Control)

Overall
Disabilitya

Groups, No. (%)
Comparison Between Extremely Preterm

and Control Groups

Extremely
Preterm

(�27 wk)b
Control

(37-41 wk)c

OR (95% CI)
P

ValueCruded,e Adjustedf

Total No. 456 366

None 192 (42.1) 286 (78.1) 1 [Reference] 1 [Reference]

Mild 140 (30.7) 68 (18.6) 3.1 (2.0-4.8) 3.0 (1.9-4.8) �.001

Moderate 74 (16.2) 11 (3.0) 10.0 (4.4-26.0) 10.5 (4.3-25.4) �.001

Severe 50 (11.0) 1 (0.3) 74.5 (10.1-7620) �.001
Abbreviations: Bayley-lll, Bayley Scales of Infant and Toddler Development, 3rd edition (16); OR, odds ratio.
a Includes Bayley-lll cognitive, language, motor scores, cerebral palsy, vision, and hearing according to medical examina-

tion or chart review in preterm children; Bayley-lll cognitive, language, motor scores; and results from telephone interview/
questionnaires in control participants.

b Includes 41 children assessed by chart review.
c Indicates children in the control group with Bayley-lll information.
dExact CIs.26

e In cases in which the ORs were indeterminable, the P values (determined using Fisher exact test) are shown instead.
fAdjusted ORs obtained after multiple logistic regression analyses (when appropriate), adjusted for maternal country of

birth (Nordic/non-Nordic) and maternal and paternal educational level (scaled 1-6, see Methods).
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with universal access to health care and
active perinatal programs.

The strengths of this study include
prospective enrollment of all ex-
tremely preterm births in Sweden. Spe-
cialists in pediatrics, pediatric neurol-
ogy, and ophthalmology performed the
follow-up according to standardized
protocols, and certified psychologists
administered the Bayley-lll tests. The
follow-up rate was high and a contem-
porary control group of children born
at term was included. Children with

malformations were not excluded to en-
sure a complete picture of the out-
come. Congenital malformations are as-
sociated with neurodevelopmental
disability,40 but we found no differ-
ences in the main outcome, the perfor-
mance on the Bayley-lll scales, be-
tween children with and without
malformations.

A potential weakness is the early age
of assessment because later academic,
psychological, and behavioral prob-
lems are likely41 and continued fol-

low-up is warranted. Another pos-
sible limitation is reliance on parental
questionnaires for collecting neurosen-
sory and demographic data for the con-
trol group. However, virtually all chil-
dren in Sweden attend well baby clinics
and parents are informed about condi-
tions that affect their child’s health. An
additional limitation is that some pre-
term children were not formally as-
sessed. However, they were examined
by local pediatricians and 2 of the au-
thors (F.S. and B.S.) scrutinized the

Table 6. Outcomes of Extremely Preterm Children at 2.5 Years Corrected Age, by Gestational Age at Birth

Gestational Age, wk

22 23 24 25 26 Total

Born alive 51 101 144 205 206 707

Survived to 1 y 5 53 96 167 176 497

Death after 1 y and prior to follow-up 0 1 1 1 3 6

Not eligible for recruitmenta 0 4 9 10 7 30

Lost to follow-up 0 1 0 4 0 5

Assessed at 30 mo corrected ageb 5 47 86 151 167 456

Had no disability 0 14 29 67 82 192

As a percentage of children seen at follow-up, (%) (0) (30) (34) (44) (49) (42)

[95% CI] [36-48]

Had mild disability 2 9 28 44 57 140

As a percentage of children seen at follow-up, (%) (40) (19) (33) (29) (34) (31)

[95% CI] [25-36]

Had moderate disability 1 14 18 25 16 74

As a percentage of children seen at follow-up, (%) (20) (30) (21) (17) (9.6) (16)

[95% CI] [12-21]

Had severe disability 2 10 11 15 12 50

As percentage of children seen at follow-up, (%) (40) (21) (13) (9.9) (7.2) (11)

[95% CI] [7.2-15]
aMother had protected identity (n=3), families moved abroad (n=3), preliminary identity number given at birth did not match (n=24).
b Includes 41 children assessed by chart review.

Figure 2. Mean Bayley-III Composite Cognitive, Language, and Motor Scores at 2.5 Years of Corrected Age for Extremely Preterm Children
by Gestational Age at Birth and for the Term Control Group
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data. In some cases, the full number of
control participants could not be re-
cruited; it is unknown to what extent
this influenced the characteristics of the
control group. Moreover, it was not
possible to blind the assessors to group
status, which might have introduced ex-
pectation bias.

Improved survival did not translate
into increasing disability rates, and we
like others8 believe that the neurode-
velopmental outcome for extremely
preterm children born in the 2000s will
be better than for those born in the
1990s. Nevertheless, the impact of pre-
maturity on neurodevelopmental out-
come was large, which calls for fur-
ther improvements in neonatal care,
such as better control of infection42 and
postnatal nutrition.43 Postdischarge de-
velopmental intervention programs,44

currently not in place in Sweden, might
improve outcome.

In conclusion, extremely preterm
children had poorer neurodevelopmen-
tal outcome than children born at term,
but 73% had no or mild disability and
neurodevelopmental outcome im-
proved with each week of gestational
age. The outcome was similar or bet-
ter than in comparable studies with
lower survival rates. These results are
relevant for clinicians counseling fami-
lies facing extremely preterm birth.
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Strömberg.
Drafting of the manuscript: Serenius, Källen, Blennow,
Holmström, Marsál, Norman, Stjernqvist, Vollmer,
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Women’s and Children’s Health, Karolinska Institu-
tet, Stockholm (Birgitta Böhm, MSc, PhD); and De-
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Fuxin, RN); Department of Neonatology, Karolinska
University Hospital, Stockholm (Lena Swartling, RN);
and Pediatric Clinic, Skåne University Hospital,
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