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APNEA OF PREMATURITY IS A DE-
velopmental disorder of re-
spiratory control that may
persist until a postmen-

strual age of 44 weeks in very imma-
ture infants.1 Caffeine is the respira-
tory stimulant of choice for the
treatment of apnea.2 A recent analysis
of a large administrative data set found
that caffeine is the most frequently used
medication in preterm neonates.3 Caf-
feine has been called a “silver bullet in
neonatology”4 because of its many
proven benefits and few known risks:
The international, randomized, placebo-
controlled Caffeine for Apnea of Pre-
maturity trial has shown that caffeine

therapy reduces the duration of expo-
sure to positive airway pressure and
supplemental oxygen and the rates of
neonatal morbidities, including bron-
chopulmonary dysplasia and severe reti-
nopathy of prematurity; improves the
rate of survival without neurodevelop-
mental impairment at 18 to 21 months
of age; and is cost-effective.5-7

However, outcomes up to 2 years af-
ter very preterm birth may not accu-

rately predict function later in child-
hood.8-12 We studied the children who
were enrolled in the Caffeine for Ap-
nea of Prematurity trial at a corrected
age of 5 years to detect lasting or pre-
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Context Very preterm infants are prone to apnea and have an increased risk of death
or disability. Caffeine therapy for apnea of prematurity reduces the rates of cerebral
palsy and cognitive delay at 18 months of age.

Objective To determine whether neonatal caffeine therapy has lasting benefits or
newly apparent risks at early school age.

Design, Setting, and Participants Five-year follow-up from 2005 to 2011 in 31
of 35 academic hospitals in Canada, Australia, Europe, and Israel, where 1932 of 2006
participants (96.3%) had been enrolled in the randomized, placebo-controlled Caf-
feine for Apnea of Prematurity trial between 1999 and 2004. A total of 1640 children
(84.9%) with birth weights of 500 to 1250 g had adequate data for the main out-
come at 5 years.

Main Outcome Measures Combined outcome of death or survival to 5 years with
1 or more of motor impairment (defined as a Gross Motor Function Classification Sys-
tem level of 3 to 5), cognitive impairment (defined as a Full Scale IQ�70), behavior
problems, poor general health, deafness, and blindness.

Results The combined outcome of death or disability was not significantly different
for the 833 children assigned to caffeine from that for the 807 children assigned to
placebo (21.1% vs 24.8%; odds ratio adjusted for center, 0.82; 95% CI, 0.65-1.03;
P=.09). The rates of death, motor impairment, behavior problems, poor general health,
deafness, and blindness did not differ significantly between the 2 groups. The inci-
dence of cognitive impairment was lower at 5 years than at 18 months and similar in
the 2 groups (4.9% vs 5.1%; odds ratio adjusted for center, 0.97; 95% CI, 0.61-1.55;
P=.89).

Conclusion Neonatal caffeine therapy was no longer associated with a significantly
improved rate of survival without disability in children with very low birth weights who
were assessed at 5 years.
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viously unrecognized consequences of
caffeine therapy. In this article, we de-
scribe the effects of caffeine on motor
function, cognition, behavior, hear-
ing, vision, and general health when the
study participants were old enough to
enter school.

METHODS
Initial Study

Between October 11, 1999, and Octo-
ber 22, 2004, we randomly assigned
2006 preterm infants to receive caf-
feine citrate or normal saline placebo
until drug therapy for apnea of pre-
maturity was no longer needed.
Infants with a birth weight of 500 to
1250 g were eligible for this study if
their clinicians considered them to be
candidates for caffeine therapy during
the first 10 days of life. The median
age at randomization was 3 days.
Indications for the use of caffeine
were to prevent or treat apnea and to
facilitate the removal of an endotra-
cheal tube. Infants were excluded if
they had congenital abnormalities,
were unlikely to be available for long-
term follow-up, or had received previ-
ous treatment with a methylxanthine.

A computer-generated randomiza-
tion scheme was used to assign infants
to the 2 groups in a 1:1 ratio. Random-

izationwas stratifiedbystudycenter and
balanced in random blocks of 2 or 4
patients.5 Infants who were part of mul-
tiple births were randomized individu-
ally. A loading dose of 20 mg of caf-
feine citrate per kilogram of body weight
or an equivalent volume of normal
saline was followed by a daily mainte-
nance dose of 5 mg per kilogram. If
apneas persisted, the daily mainte-
nance dose could be increased to a maxi-
mum of 10 mg of caffeine citrate per
kilogram. The drug was monitored
according to its clinical effect only.13

The median duration of treatment
with study drug was 37 days (inter-
quartile range, 24 to 46 days) in the caf-
feine group and 36 days (interquartile
range, 23 to 46 days) in the placebo
group. The median postnatal age at
which the last dose of study drug was
administered was 34.4 weeks (inter-
quartile range, 33.0 to 35.9 weeks) in
the caffeine group and 34.7 weeks (in-
terquartile range, 32.9 to 36.1 weeks)
in the placebo group.5

The research ethics boards of all clini-
cal centers approved the protocol. Writ-
ten informed consent was obtained
from a parent or guardian of each in-
fant. An investigational new drug ap-
plication was filed with Health Canada,
clinical trial notification applications

were filed in Australia, and appropri-
ate regulatory approvals were ob-
tained elsewhere. An external data and
safety monitoring committee re-
viewed the study data regularly dur-
ing the enrollment phase.5

The primary outcome was death be-
fore a corrected age of 18 months or sur-
vival with 1 or more of the following:
cerebral palsy, cognitive delay, severe
hearing loss, and bilateral blindness.6

Cognitive delay was defined as a Men-
tal Development Index score of less than
85 (1 SD below the mean of 100) on
the Bayley Scales of Infant Develop-
ment II.14 We previously reported these
outcomes, including the finding that
caffeine improved the rate of survival
without neurodevelopmental disabil-
ity (odds ratio adjusted for center, 0.77;
95% CI, 0.64-0.93) by reducing the
risks of cerebral palsy and cognitive
delay.6

The children’s families and all clini-
cians and researchers have remained
unaware of the random assignments to
neonatal caffeine or placebo treat-
ment throughout this study and be-
yond the present 5-year follow-up. At
the Data Coordinating and Methods
Center, only the senior biostatistician
(R.S.R.) had access to the study treat-
ment code.

Present Study

Four of the original 35 clinical centers
did not participate in the 5-year follow-
up. These 4 centers had enrolled 74 in-
fants in the initial trial, leaving 1932
children eligible for the present study.
The research ethics boards of all par-
ticipating centers approved the fol-
low-up protocol. Written informed con-
sent was obtained from a parent or
guardian of each child. We attempted
to contact the families of all surviving
children, even if no contact had been
made at 18 months. The target date for
the 5-year follow-up was corrected for
the degree of prematurity by adding the
difference between the child’s day of
birth and the term due date to the fifth
birthday. Completing the assessment
within 6 months of the target date was
recommended, but efforts to locate and

Figure 1. Caffeine for Apnea of Prematurity Trial Participant Flow in the 5-Year Follow-up.

1932 Children eligible for assessment
at 5 years

2006 Infants were randomized

833 Had adequate data  for analysis
of the composite primary 5-year
outcome 

807 Had adequate data  for analysis
of the composite primary 5-year
outcome 

970 Had been assigned to the
caffeine group

962 Had been assigned to the
placebo group

137 Did not have adequate
data for analysis of the
composite primary
outcome

3 Had vital status only
103 Were lost to follow-up

31 Had incomplete
assessments

155 Did not have adequate
data for analysis of the
composite primary
outcome

2 Had vital status only
125 Were lost to follow-up

28 Had incomplete
assessments

74 Excluded (enrolled in centers
that did not participate in
5-year follow-up)
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assess the children continued beyond
this age when necessary. Race or eth-
nic group was self-reported and re-
corded according to predetermined cat-
egories that were appropriate for this
international cohort of families.

Main Outcome at 5 Years

The main outcome at 5 years was a
composite of death before a corrected
age of 5 years or survival with 1 or
more of the following: motor impair-
ment, cognitive impairment, behavior
problems, poor general health, severe
hearing loss, and bilateral blindness.15

Motor impairment was determined
with the use of the Gross Motor Func-
tion Classification System (GMFCS).16

A child with normal motor function
has a symmetric gait at 5 years and
can run well, jump with both feet,
and hop on 1 foot. GMFCS levels
between 1 and 5 indicate increasing
limitations of gross motor function.
To be consistent with the GMFCS
analyses that were performed at 18
months, the definition of motor
impairment in the protocol for the
5-year follow-up was revised from a
GMFCS level greater than 3 to one
greater than 2 (GMFCS 3-5).15

Severe cognitive impairment was de-
fined as a Full Scale IQ of less than 70
(2 SD below the mean of 100) on the
Wechsler Preschool and Primary Scale
of Intelligence III.17 Site investigators
used their respective national test
norms. If a national version of the
Wechsler Preschool and Primary Scale
of Intelligence III was not available or
was no longer appropriate for the age
of the child, Full Scale IQ values from
similar standardized tests were used.
This was the case for 45 children. The
Full Scale IQ was assumed to be less
than 70 if the child could not com-
plete the testing because of severe de-
velopmental delay or severe autism.

Parents completed the Child Behav-
ior Checklist.18 This questionnaire iden-
tifies a broad range of behavioral prob-
lems and can be used for children from
diverse geographic and cultural back-
grounds.19 A behavior problem was de-
fined as a Total Problem T score (range,

Table 1. Characteristics of the Children and Their Familiesa

Characteristics

No. (%)

P
Value

Caffeine Group
(n = 833)

Placebo Group
(n = 807)

Children
Birth weight, mean (SD), g 965 (184) 953 (181) .17

Gestational age, mean (SD), wk 27.4 (1.8) 27.3 (1.8) .16

Female sex 421 (50.5) 371 (46.0) .07

Birth weight �10th percentile for
gestational ageb

132 (15.8) 127 (15.7) �.99

Exposure to antenatal corticosteroids 745 (89.4) 708 (87.7) .31

Singleton birth 594 (71.3) 561 (69.5) .45

Outcomes at 18 mo corrected age
Death or disabilityc 307 (38.1) 352 (45.1) .006

Death 57 (6.8) 56 (6.9) �.99

Cerebral palsyd 33 (4.3) 57 (7.7) .006

Moderate cognitive delay (MDI �85)e 232 (31.3) 263 (36.6) .03

Severe cognitive delay (MDI �70)e 88 (11.9) 116 (16.2) .02

Corrected age of surviving children at 5-y
follow-up, median (IQR), y

5.2 (5.0-5.5) 5.1 (5.0-5.4) .42

Maternal caregivers and family arrangements at 5 yearsf

Relationship to child
Biological mother 745 (96.3) 730 (97.5)

Adoptive mother 8 (1.0) 3 (0.4)
.36

Foster mother 9 (1.2) 5 (0.7)

Other or unknown 12 (1.6) 11 (1.5)

Raceg

White 650 (84.0) 616 (82.2)

Black 29 (3.7) 33 (4.4)
.80

Asian 65 (8.4) 66 (8.8)

Other or unknown 30 (3.9) 34 (4.5)

Level of education
Did not finish high school or equivalent 154 (19.9) 140 (18.7)

Completed high school or equivalent 189 (24.4) 195 (26.0)
.86

Some college or university 132 (17.1) 130 (17.4)

University graduate 299 (38.6) 284 (37.9)

Family arrangement
Single parent 77 (9.9) 67 (8.9)

Single parent with partner involved 59 (7.6) 65 (8.7)
.80

Two-parent family 621 (80.2) 599 (80.0)

Other or unknown 17 (2.2) 18 (2.4)

Younger children in the household
None 423 (54.7) 404 (53.9)

1 266 (34.4) 260 (34.7)

2 63 (8.1) 56 (7.5)
.67

�3 7 (0.9) 13 (1.7)

Unknown 15 (1.9) 16 (2.1)

Employed or self-employed person in the
household

708 (91.5) 700 (93.5) .15

Abbreviations: IQR, interquartile range; MDI, Mental Development Index.
aThese data are for the 1640 children with adequate information for the ascertainment of the composite primary outcome

at a corrected age of 5 years. Percentages may not sum to 100 because of rounding.
bThe 10th percentile for gestational age in a normal population was as reported by Kramer et al.23

cDisability at a corrected age of 18 months was defined as survival with 1 or more of the following: cerebral palsy, cognitive
delay, hearing loss requiring amplification, and bilateral blindness. This outcome is for children with adequate data at 18
months (805 in the caffeine group and 781 in the placebo group).

dThis outcome is for children who were alive at a corrected age of 18 months and who received a neurologic examination
(770 in the caffeine group and 742 in the placebo group).

eMDI was determined with the Bayley Scales of Infant Development II. This outcome is for children who were alive at a
corrected age of 18 months and who were tested (742 in the caffeine group and 718 in the placebo group).

fThese data exclude maternal caregivers and families of 59 children in the caffeine group and 58 children in the placebo
group who died before a corrected age of 5 years.

gRace was self-reported.
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28 to 100) of greater than 69 (2 SD
above the mean of 50).18 Poor general
health was defined as 1 or more of the
following: need for supplemental oxy-
gen, positive airway pressure, feeding
through a tube or intravenously, sei-
zures occurring more frequently than
once per month, or a recent admis-
sion to an intensive care unit for com-
plications resulting from a neonatal
morbidity. Severe hearing loss was de-
fined as the prescription of hearing aids
or cochlear implants. Bilateral blind-
ness was defined as a corrected visual
acuity less than 20/200 in the better eye.

Other Outcomes
The Movement Assessment Battery
for Children was used to examine
motor performance, including manual
dexterity, ball skills, and static and
dynamic balance.20 Standardized total
impairment scores range from 0 to 40,
with lower scores indicating better
performance. Visual-motor integra-
tion, visual perception, and motor
coordination were tested with the
Beery-Buktenica Developmental Test
of Visual-Motor Integration.21 Stan-
dard scores have a mean of 100 and
a standard deviation of 15, with

higher scores indicating better
performance.

Height, weight, and head circumfer-
ence were measured during the clinic
visit. Because the results of all psycho-
metric tests and of the Child Behavior
Checklist were corrected for the de-
gree of prematurity, individual percen-
tiles for height and weight were com-
puted in the data center according to
the corrected age at the assessment.22

Statistical Analysis

This 5-year follow-up study was de-
signed in 2003, more than 3 years be-

Table 2. Primary Outcome of Death or Disability

Outcome

Caffeine
Group,

No./Total (%)

Placebo
Group,

No./Total (%)
Unadjusted
OR (95% CI)

OR Adjusted
for Center
(95% CI)

P
Value

OR Adjusted for
Center

and Patient
Characteristics

(95% CI)a

Composite
Death or disability 176/833 (21.1) 200/807 (24.8) 0.81 (0.65-1.02) 0.82 (0.65-1.03) .09 0.86 (0.67-1.09)

Components
Death before 5 yb 59/867 (6.8) 58/837 (6.9) 0.98 (0.67-1.43) 0.98 (0.70-1.43) .92 1.03 (0.69-1.52)

Motor impairmentc,d 13/803 (1.6) 21/773 (2.7) 0.59 (0.29-1.18) 0.59 (0.29-1.18)e .20 0.63 (0.31-1.28)e

Cognitive impairmentc,f 38/768 (4.9) 38/750 (5.1) 0.98 (0.62-1.55) 0.97 (0.61-1.55) .89 1.11 (0.68-1.80)

Behavior problemc,g 42/773 (5.4) 53/748 (7.1) 0.75 (0.50-1.14) 0.75 (0.49-1.15) .18 0.78 (0.51-1.20)

Poor general healthc 32/805 (4.0) 33/775 (4.3) 0.93 (0.57-1.51) 0.92 (0.56-1.52) .75 0.95 (0.57-1.58)

Severe hearing lossc 22/798 (2.8) 25/773 (3.2) 0.85 (0.47-1.52) 0.85 (0.47-1.52)e .58 0.91 (0.51-1.64)e

Bilateral blindnessc 7/792 (0.9) 7/763 (0.9) 0.96 (0.34-2.75) 0.96 (0.34-2.75)e .94 1.04 (0.35-3.02)e

Abbreviation: OR, odds ratio.
aThe odds ratio has been adjusted for the gestational age and sex of the infant, the mother’s education at the assessment, antenatal administration of corticosteroids, and multiple births,

in addition to center.
bThis outcome is for all children whose vital status was known at a corrected age of 5 years.
cData for this outcome exclude children who died before the scheduled tests and those who were alive but were not tested. However, data for this outcome may include children who

had incomplete assessments at 5 years.
dMotor impairment was defined as a Gross Motor Function Classification System level of greater than 2.
eThe odds ratio for this outcome was not adjusted for center because there were too few events.
fCognitive impairment was defined as a Full Scale IQ of less than 70.
gBehavior problem was defined as a Total Problem T score of greater than 69 for the Parent Form of the Child Behavior Checklist.

Table 3. Secondary Outcomes of Motor and Cognitive Impairment

Outcome Variable

Caffeine
Group,

No./Total (%)

Placebo
Group,

No./Total (%)
Unadjusted OR

(95% CI)

OR Adjusted
for Center
(95%CI)

P
Value

OR Adjusted for
Center

and Patient
Characteristics

(95% CI)

Gross motor function GMFCS levela
Normal 728/803 (90.7) 666/773 (86.2)

1 56/803 (7.0) 78/773 (10.1) 0.66 (0.46-0.94)

2 6/803 (0.7) 8/773 (1.0) 0.69 (0.24-1.99)

3 5/803 (0.6) 5/773 (0.6) 0.91 (0.26-3.17) 0.64 (0.47-0.88)b .006 0.66 (0.48-0.91)b

4 4/803 (0.5) 10/773 (1.3) 0.37 (0.11-1.17)

5 4/803 (0.5) 6/773 (0.8) 0.61 (0.17-2.17)

Full scale IQ �85 137/764 (17.9) 144/742 (19.4) 0.91 (0.70-1.18) 0.90 (0.69-1.17) .44 0.96 (0.73-1.26)
Abbreviations: GMFCS, Gross Motor Function Classification System; OR, odds ratio.
aData for this outcome exclude children who died before the scheduled tests and those who were alive but were not tested.
bOrdinal logistic regression pooled odds ratio. Not adjusted for center because of low counts at most GMFCS levels.
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fore the participants’ outcomes at 18
months for the Caffeine for Apnea of
Prematurity trial were known. In our
sample size estimation for the compos-
ite outcome at 18 months, we had as-
sumed a control group event rate be-
tween 20% and 30%, although the
observed event rate at 18 months was
higher. To retain similar statistical
power with the available fixed sample
size, we chose the criteria for abnor-
mality at 5 years such that our esti-
mated control group event rate for the
composite main outcome was in the
same range. Assuming an incidence of
death or impairment of 25% and an as-
certainment rate of 85%, we had a sta-
tistical power of 80% to detect a 22%
relative reduction in the risk of the com-
bined main outcome at 5 years.

Because randomization was strati-
fied by study center, the analyses of all
dichotomous outcomes were adjusted
with the use of a logistic regression
model that included terms for treat-

ment and center (smaller centers were
combined). The regression coefficient as-
sociated with treatment in the fitted
model yielded a point estimate and 95%
CI for the treatment effect expressed as
an odds ratio. The quotient of the esti-
mated coefficient and its standard er-
ror provided a z-test statistic for the test
of the null hypothesis of no treatment
effect. An ordinal logistic model was
used in a secondary analysis of the
GMFCS data. The mean differences be-
tween the 2 groups for quantitative out-
comes were adjusted for center with
multiple linear regression. The relation-
ship between the gain in cognitive func-
tion at 5 years and the Mental Develop-
ment Index score at 18 months was
estimated with a linear regression model.

All P values were 2-sided and con-
sidered significant if P� .05. SAS ver-
sion 9.1 was used for all statistical analy-
ses. We chose a composite primary
outcome to protect against the prob-
lems of multiple testing. Additional ad-

justments for multiple comparisons
were not made.

RESULTS
Study Participants

The numbers of infants who were ran-
domly assigned to receive neonatal caf-
feine or placebo therapy and the num-
bers assessed at a corrected age of 5
years are shown in FIGURE 1. Fol-
low-up assessments began on March 12,
2005, and ended on January 26, 2011.
Adequate data for an analysis of the pri-
mary composite outcome were avail-
able for 1640 (84.9%) of the 1932 chil-
dren who were eligible for this study.

The characteristics of these 1640 chil-
dren and of their maternal caregivers
and families were broadly similar in the
2 groups (TABLE 1). The eTable shows
the characteristics of participants and
nonparticipants in the 5-year follow-
up. As in the initial study, the rates of
death or disability at 18 months and of
cerebral palsy were reduced by caf-

Table 4. Other Outcomes

Mean (SD) Scores
Unadjusted

Mean
Difference
(95% CI)a

Mean
Difference
Adjusted
for Center
(95% CI)a

P
Value

Mean
Difference
Adjusted
for Center

and Patient
Characteristics

(95% CI)Caffeine Group Placebo Group

Movement Assessment
Battery for Children

Total impairment 10.3 (8.5) [n = 739] 11.4 (9.9) [n = 706] −1.1 (−2.1 to −0.2) −1.0 (−1.9 to −0.1) .03 −0.8 (−1.7 to 0.1)

Manual dexterity 4.5 (4.0) [n = 742] 5.0 (4.3) [n = 709] −0.5 (−0.9 to −0.1) −0.4 (−0.8 to −0.03) .04 −0.3 (−0.7 to 0.1)

Ball skills 2.2 (2.5) [n = 741] 2.3 (2.6) [n = 708] −0.1 (−0.4 to 0.1) −0.1 (−0.4 to 0.1) .32 −0.1 (−0.4 to 0.1)

Balance 3.6 (4.1) [n = 739] 4.0 (4.5) [n = 706] −0.4 (−0.8 to 0.05) −0.4 (−0.8 to 0.1) .10 −0.3 (−0.7 to 0.1)

WPPSI-III IQsb

Full scale 98.3 (16.0) [n = 733] 96.9 (16.3) [n = 699] 1.4 (−0.3 to 3.1) 1.4 (−0.2 to 3.1) .09 1.0 (−0.6 to 2.5)

Verbal 97.8 (16.2) [n = 733] 96.8 (16.3) [n = 699] 1.0 (−0.6 to 2.7) 1.1 (−0.6 to 2.7) .21 0.6 (−0.9 to 2.2)

Performance 100.1 (15.7) [n = 733] 98.8 (16.1) [n = 699] 1.3 (−0.3 to 2.9) 1.3 (−0.3 to 2.9) .11 1.0 (−0.6 to 2.5)

Beery-Buktenica
Developmental Test
standard scores

Visual motor integration 97.5 (14.3) [n = 756] 96.9 (14.0) [n = 725] 0.5 (−0.9 to 2.0) 0.6 (−0.8 to 2.0) .41 0.3 (−1.1 to 1.67)

Visual perception 102.4 (20.0) [n = 733] 98.9 (19.7) [n = 706] 3.5 (1.5 to 5.6) 3.5 (1.5 to 5.5) �.001 3.2 (1.2 to 5.2)

Motor coordination 92.1 (18.2) [n = 733] 89.7 (19.6) [n = 706] 2.4 (0.4 to 4.3) 2.3 (0.4 to 4.2) .02 1.8 (0.0 to 3.6)

Child Behavior
Checklist total
T problem score

49.2 (12.1) [n = 773] 49.9 (12.0) [n = 748] −0.6 (−1.9 to 0.6) −0.5 (−1.7 to 0.7) .38 −0.5 (−1.7 to 0.7)

Height percentile 48.5 (30.7) [n = 793] 49.5 (30.5) [n = 759] −1.0 (−4.0 to 2.1) −1.1 (−4.1 to 1.9) .48 −1.1 (−4.1 to 1.9)

Weight percentile 42.5 (30.9) [n = 798] 43.6 (30.8) [n = 763] −1.0 (−4.1 to 2.0) −1.0 (−4.0 to 2.0) .52 −1.0 (−4.0 to 2.1)

Head circumference, cm 50.7 (2.2) [n = 766] 50.7 (2.2) [n = 741] 0.0 (−0.2 to 0.2) 0.0 (−0.3 to 0.2) .89 −0.1 (−0.3 to 0.2)
Abbreviation: WPPSI-III, Wechsler Preschool and Primary Scale of Intelligence III–3rd Edition.
aMean differences were calculated by subtracting the mean value in the placebo group from the mean value in the caffeine group. Lower scores for the Movement Assessment Battery

for Children and for Child Behavior Checklist indicate better motor performance and fewer behavior problems, respectively.
bChildren with a score below 40 (the lowest score on the WPPSI-III) were assigned a score of 39.
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feine therapy in the present study co-
hort. Treatment with caffeine com-
pared with placebo significantly
reduced the incidence of both moder-
ate and severe cognitive delay at 18
months, defined as a Bayley II Mental
Development Index score less than 85
and less than 70, respectively (Table 1).

Outcomes at 5 Years

The results for the primary composite
outcome and for its components are
shown in TABLE 2. Of the 833 chil-
dren who had been assigned to caf-
feine, 176 (21.1%) died or survived with
at least 1 impairment compared with
200 of the 807 children (24.8%) as-
signed to placebo (odds ratio adjusted
for center, 0.82; 95% CI, 0.65-1.03;
P= .09). The rates of motor impair-
ment, severe cognitive impairment, be-
havior problems, poor general health,
blindness, and deafness were not sig-

nificantly different between the 2
groups (Table 2). Only 2 children in
each of the 2 groups died between 18
months and 5 years.

A secondary analysis using the full
ordinal scale of the GMFCS showed evi-
dence of an improvement in gross mo-
tor function associated with caffeine
therapy. The common odds ratio ad-
justed for center for the 5 levels of im-
pairment was 0.64 (95% CI, 0.47-
0.88; P=.006; TABLE 3). Better mean
scores for total impairment and manual
dexterity on the Movement Assess-
ment Battery for Children and better
mean standard scores for visual per-
ception and motor coordination on the
Beery-Buktenica Developmental Test
were likewise associated with random
assignment to neonatal caffeine therapy
(TABLE 4).

The rates of moderate cognitive im-
pairment, defined as a Full Scale IQ of

less than 85 (Table 3); the mean scores
for the Full Scale IQ, Verbal IQ, Per-
formance IQ, and Total Problem Be-
havior T score; and the mean weight,
height, and head circumference mea-
sures were not significantly different be-
tween the 2 groups (Table 4).

We performed a post hoc analysis of
the composite 5-year outcome that in-
cluded children who were blind, were
profoundly deaf, or had GMFCS lev-
els 3 to 5 at 18 months but who were
not seen at 5 years. This imputation
added 2 and 6 children, respectively, to
the caffeine and placebo groups. The
odds ratio adjusted for center for this
comparison was 0.80 (95% CI, 0.63-
1.01; P=.06).

Change in Motor and Cognitive
Function Between 18 Months
and 5 Years

A total of 1553 children were assigned
a GMFCS level at both ages. Of the 30
children with a GMFCS level greater
than 2 at 18 months, 26 (86.7%) had a
level greater than 2 at 5 years. Of the
remaining 1523 children with a GMFCS
level of 2 or less at 18 months, 1515
(99.5%) remained unimpaired or mildly
impaired at 5 years.

A total of 1419 children underwent
successful cognitive testing at both
points. Rates of moderate and severe
cognitive impairments were much
lower at 5 years than at 18 months. Only
33 of the 178 children (18.5%) with a
Bayley II Mental Development Index
less than 70 at 18 months had a Wechs-
ler Preschool and Primary Scale of In-
telligence III Full Scale IQ less than 70
at 5 years. FIGURE 2 shows the gain in
cognitive scores between 18 months
and 5 years. The fitted regression line
suggests that, on average, a child with
a Mental Development Index of 70 at
18 months had a Wechsler Preschool
and Primary Scale of Intelligence III Full
Scale IQ that was almost 20 points
higher at 5 years.

COMMENT
We performed the Caffeine for Apnea
of Prematurity trial to resolve the long-
standing uncertainty about the ben-

Figure 2. Relationship Between Mental Development Index Scores at 18 Months and Gain in
Cognitive Scores Between 18 Months and 5 Years.
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Cognitive gain was computed by subtracting the individual Mental Development Index scores at 18 months
from the corresponding Wechsler Preschool and Primary Scale of Intelligence III (WPPSI-III) Full Scale IQ. Data
are shown for the 1419 children who underwent a successful Bayley II test at 18 months and a successful
WPPSI-III test at 5 years. For this analysis, we excluded children with Mental Development Index scores below
50 (the lowest score in the Bayley II) and with a Full Scale IQ below 40 (the lowest score in the WPPSI-III). The
size of each data point is proportional to the number of coincident observations (range, 1 to 5). The solid di-
agonal line is the best-fitting regression line between the observed gain in cognitive scores at 5 years and the
Mental Development Index scores at 18 months. � Is the correlation coefficient.
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efits and risks of neonatal caffeine
therapy.24,25 Previously, we reported that
caffeine improved the rate of survival
without neurodevelopmental disabil-
ity at 18 to 21 months in infants with
very low birth weight by reducing the
incidence of cerebral palsy and cogni-
tive delay.6 The present report summa-
rizes the results of detailed assess-
ments of motor function, cognition,
behavior, general health, hearing, and
vision after the study participants had
reached a corrected age of 5 years. Al-
though the observed rates of the com-
bined main outcome of death or dis-
ability continued to favor caffeine over
placebo treatment, the difference be-
tween the groups was not statistically
significant. The rates of cognitive im-
pairment were much lower at 5 years
than at 18 months and similar in the
caffeine and placebo groups. The rates
of death, behavior problems, poor gen-
eral health, severe hearing loss, and bi-
lateral blindness did not differ signifi-
cantly between the 2 groups.

We conducted the present study be-
cause outcomes up to 2 years are not
reliable end points for follow-up stud-
ies of very preterm infants.8,12 We ob-
served a substantial decline in the rate
of cognitive impairment in this large,
international cohort of children with
very low birth weights who were raised
in mostly middle-class families. Fur-
ther examination of the relationship be-
tween the individual Mental Develop-
ment Index scores at 18 months and
change in cognitive scores at 5 years re-
gardless of group assignment showed
that children with very low scores at 18
months had improved cognitive scores
at 5 years, whereas children with Men-
tal Development Index scores above 100
at 18 months had slightly lower Full
Scale IQ scores at 5 years. Although this
phenomenon may be partly statistical
because retesting would be expected to
show some regression to the mean, the
observed overall improvement in cog-
nition between 18 months and 5 years
was striking and likely real.8,12 A low
Bayley II Mental Development Index
score at 18 months may reflect tran-
sient developmental delay rather than

lasting cognitive impairment. This pat-
tern of change in cognitive perfor-
mance between 18 months and 5 years
has important implications for all out-
come studies after very preterm birth
and for the future evaluation of the
long-term effects of common neonatal
therapies.

Very preterm infants are at risk of
motor impairment even if they do not
develop cerebral palsy.26,27 Our sup-
portive analysis of the full ordinal scale
of the GMFCS suggested that gross mo-
tor impairment was less severe in caf-
feine-treated children than in con-
trols. Caffeine therapy was also
associated with improved scores on the
Movement Assessment Battery for Chil-
dren. Last, children in the caffeine
group had better motor coordination
and visual perception, although the
magnitude of the differences was small
(less than 0.2 SD). However, “subtle
motor problems are likely to increase
when greater demands are put on these
vulnerable children” as they progress
through school.28 Further follow-up of
our study cohort is in progress at 11 to
12 years and will enable us to examine
whether motor performance and vi-
sual perception at age 5 years are strong
predictors of academic success.

Concerns have been lingering that
neonatal caffeine therapy may cause
long-term harm.24,25 The methylxan-
thines inhibit 2 adenosine receptors that
have been linked to anxious and ag-
gressive behavior in mice with tar-
geted deficiencies of each of these re-
ceptors.29,30 The absence of any adverse
effects in children who were ran-
domly assigned to neonatal caffeine
therapy on the incidence of behavior
problems or on any other outcomes is
reassuring.

In summary, this 5-year follow-up
study of participants in the interna-
tional Caffeine for Apnea of Prematu-
rity trial showed that the benefits of neo-
natal caffeine therapy on the rate of
survival without disability at 18 months
were attenuated during child develop-
ment. The rates of cognitive impair-
ment were much lower at 5 years than
at 18 months, suggesting that cogni-

tive delay during the second year of life
may not be a lasting outcome after very
preterm birth.
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