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IMPORTANCE Caffeine citrate therapy for apnea of prematurity reduces the rates of
bronchopulmonary dysplasia, severe retinopathy, and neurodevelopmental disability at 18
months and may improve motor function at 5 years.

OBJECTIVE To evaluate whether neonatal caffeine therapy is associated with improved
functional outcomes 11 years later.

DESIGN, SETTING, AND PARTICIPANTS A follow-up study was conducted at 14 academic
hospitals in Canada, Australia, and the United Kingdom from May 7, 2011, to May 27, 2016,
of English- or French-speaking children who had been enrolled in the randomized,
placebo-controlled Caffeine for Apnea of Prematurity trial between October 11,1999, and
October 22, 2004. A total of 1202 children with birth weights of 500 to 1250 g were eligible
for this study; 920 (76.5%) had adequate data for the main outcome.

INTERVENTIONS Caffeine citrate or placebo until drug therapy for apnea of prematurity was
no longer needed.

MAIN OUTCOMES AND MEASURES Functional impairment was a composite of poor academic
performance (defined as at least 1standard score greater than 2 SD below the mean on the
Wide Range Achievement Test-4), motor impairment (defined as a percentile rank of <5 on
the Movement Assessment Battery for Children-Second Edition), and behavior problems
(defined as a Total Problem T score =2 SD above the mean on the Child Behavior Checklist).

RESULTS Among the 920 children (444 females and 476 males; median age, 11.4 years
[interquartile range, 11.1-11.8 years]), the combined rates of functional impairment were not
significantly different between the 457 children assigned to receive caffeine compared with
the 463 children assigned to receive placebo (145 [31.7%] vs 174 [37.6%]; adjusted odds ratio,
0.78; 95% Cl, 0.59-1.02; P = .07). With all available data, including those from up to 24
Swedish trial participants, the rates of poor academic performance on 1or more of 4 subtests
(66 of 458 [14.4%] vs 61 of 462 [13.2%]; adjusted odds ratio, 1.11; 95% Cl, 0.77-1.61; P = .58)
and behavior problems (52 of 476 [10.9%] vs 40 of 481[8.3%]; adjusted odds ratio, 1.32;
95% Cl, 0.85-2.07; P = .22) were broadly similar between the group that received caffeine
and the group that received placebo. However, caffeine therapy was associated with a
reduced risk of motor impairment compared with placebo (90 of 457 [19.7%] vs 130 of 473
[27.5%]; adjusted odds ratio, 0.66; 95% Cl, 0.48-0.90; P = .009).

CONCLUSIONS AND RELEVANCE Caffeine therapy for apnea of prematurity did not significantly
reduce the combined rate of academic, motor, and behavioral impairments but was
associated with a reduced risk of motor impairment in 11-year-old children with very low birth
weight. At the doses used in this trial, neonatal caffeine therapy is effective and safe into
middle school age.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCTO0182312; isrctn.org Identifier:
ISRCTN44364365
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Performance 11 Years After Caffeine Therapy for Apnea of Prematurity

pnea of prematurity is a common developmental dis-
order of respiratory control and a cause of intermit-
tent bradycardia and hypoxemia. Caffeine citrate is the
drug of choice to reduce the frequency and severity of apneic
spellsin preterm infants.? The international randomized, pla-
cebo-controlled Caffeine for Apnea of Prematurity trial was ini-
tiated to study the efficacy and safety of methylxanthine
therapy in very preterm infants.? This trial has shown short-
and long-term benefits of neonatal caffeine therapy, includ-
ing reduced rates of bronchopulmonary dysplasia and severe
retinopathy of prematurity, as well as improved rates of sur-
vival without disability at 18 months.**> Caffeine therapy re-
duced the incidences of cerebral palsy and cognitive delay at
18 months, whereas mortality rates were nearly identical in the
group that received caffeine and the group that received
placebo.® The effects of caffeine were attenuated when the chil-
dren were 5 years of age, but secondary and post hoc analy-
ses showed lasting improvements of motor function after neo-
natal caffeine therapy and a reduced risk of developmental
coordination disorder.®” It had been hypothesized that pro-
longed inhibition of adenosine receptors by caffeine in the de-
veloping preterm brain may adversely affect sleep duration and
sleep apnea during childhood, but this possibility was not con-
firmed in studies using polysomnography and actigraphy.®
Developmental assessments of preterm survivors in early
childhood are not strongly associated with later learning
difficulties.®™ There is a need to measure functional out-
comes in middle school age, “to better inform perinatal and neo-
natal care, guidelines, and future parents ”1°®P193-199 We stud-
ied 11-year-old participants in the Caffeine for Apnea of
Prematurity trial to determine the effects of neonatal caffeine
therapy on academic performance, motor skills, and behavior.

Methods

Initial Study

Between October 11,1999, and October 22, 2004, a total of 2006
preterm infants in 35 academic hospitals and 9 countries were
randomly assigned to receive caffeine citrate or normal sa-
line placebo in this double-blind trial* until pharmacologic
treatment for apnea of prematurity was no longer needed. In-
fants with birth weights of 500 to 1250 g were eligible for en-
rollment if their clinicians considered them to be candidates
for methylxanthine therapy during the first 10 days of life. The
exclusion criteria, randomization procedures, and use of study
drug have been reported previously* and are summarized here.
Infants were excluded if they had congenital abnormalities,
were unlikely to be available for follow-up, or had already been
treated with a methylxanthine. Randomization was strati-
fied by study center and balanced in random blocks of 2 or 4
patients. A loading dose of 20 mg of caffeine citrate per kilo-
gram of body weight was followed by a daily maintenance dose
of 5 mg/kg. If apneas persisted, the daily maintenance dose
could be increased to a maximum of 10 mg of caffeine citrate
per kilogram. Infants received their first dose of the study drug
at amedian age of 3 days and were weaned off the study drug
at a median postmenstrual age of approximately 35 weeks.
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Key Points

Question Does neonatal caffeine citrate therapy for apnea of
prematurity have lasting benefits or newly apparent risks at
middle school age?

Findings This follow-up study to the Caffeine for Apnea of
Prematurity trial found that the combined rate of academic,
motor, and behavioral impairment at 11 years of age did not differ
significantly between participants who had been randomly
assigned to receive caffeine compared with those who had been
randomly assigned to receive placebo. However, caffeine therapy
was associated with a significantly reduced risk of motor
impairment.

Meaning At the doses used in this trial, neonatal caffeine therapy
is effective and safe.

The research ethics boards of all participating clinical sites
approved the initial protocol from the neonatal period to 18
months and the additional follow-up protocol at 5 years of age.
Written informed consent was obtained from a parent or guard-
ian of each infant before enrollment and again before the 5-year
assessments. An investigational new drug application was filed
with Health Canada. Clinical trial notification applications were
filed in Australia. Appropriate regulatory approvals were ob-
tained elsewhere.

The primary outcome of the initial study was death be-
fore a corrected age of 18 months or survival with at least 1 of
the following: cerebral palsy, cognitive delay, severe hearing
loss, and bilateral blindness. Caffeine improved this outcome
(adjusted odds ratio [aOR], 0.77; 95% CI, 0.64-0.93).° At a cor-
rected age of 5 years, the rate of survival without disability was
no longer significantly improved by caffeine, but secondary
and post hoc analyses suggested lasting benefits of caffeine on
motor performance.®”

Present Study
Follow-up of surviving participants in all 35 international study
centers was neither affordable nor feasible. We restricted this
follow-up phase to 14 large Canadian, Australian, and British
centers with low attrition rates at 18 months and 5 years where
thelocal language was either English or French to obtain com-
parable assessments of academic performance. In addition, par-
ticipants at 1 Swedish site contributed partial data to this study.
Follow-up was conducted from May 7, 2011, to May 27, 2016.
The research ethics boards of all 15 centers (McMaster Uni-
versity Medical Centre, Royal Women’s Hospital, Sunny-
brook Health Sciences Center, Women’s and Children’s Hos-
pital, Mercy Hospital for Women, Centre Hospitalier
Universitaire de Quebec, Children’s & Women’s Health Cen-
tre of British Columbia, Foothills Hospital and Alberta Chil-
dren’s Hospital, St Boniface Hospital, Windsor Regional Hos-
pital, Astrid Lindgren Children’s Hospital, The James Cook
University Hospital, Royal Maternity Hospital Belfast, Royal
Victoria Infirmary, and Northern Neonatal Initiatives) ap-
proved the present follow-up protocol. Written informed con-
sent was obtained from a parent or guardian of each child, and
assent was obtained from the child when appropriate. The tar-
get window for assessments was the year between the 11th and
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12th birthday, but efforts to locate and examine the children
continued beyond this age when necessary. The children, their
families, and all clinicians and researchers involved in the care
of the participants and in the assessments of their outcomes
remained unaware of the neonatal random assignments to caf-
feine or placebo treatment.

Primary Outcome
The primary outcome for the present follow-up study was func-
tional impairment in at least 1 of the following 3 domains: aca-
demic performance, motor skills, and behavior. Poor aca-
demic performance was defined as 1 or more standard scores
of less than 70 (2 SD below the mean of 100) on the 4 subtests
of the Wide Range Achievement Test-4: sentence comprehen-
sion, word reading, spelling, and math computation.!? In
Quebec, Canada, the French version of the Wechsler Indi-
vidual Achievement Test-2nd edition was used, with the fol-
lowing subtests: reading (word reading and reading compre-
hension), mathematics (numerical operations), and written
language (spelling).” At the start of the study, it had been an-
ticipated that a comparable Swedish academic performance test
would be available for this study, but only the math computa-
tion scores and various secondary outcomes of the 24 Swedish
trial participants could be used in the present analyses of aca-
demic function. Motor skills (manual dexterity, aiming and
catching, and balance) were measured with the Movement
Assessment Battery for Children-Second Edition (Movement
ABC-2).1 Total standard scores corresponding to the 5th per-
centile or less were defined as motor impairment. A behavior
problem was defined as a Total Problem T score of greater than
69 (=2 SD above the mean of 50) on the Child Behavior Check-
list that was completed by the primary caregiver.' All standard-
ized test results were based on the child’s chronological age.
Documentation of the presence of the composite pri-
mary outcome required confirmation that the child had 1 or
more of the 3 types of impairment (academic, motor, or be-
havior). Documentation of the absence of the composite pri-
mary outcome required confirmation that all subtests of the
achievement test, all components of the Movement ABC-2, and
the Child Behavior Checklist had been completed success-
fully, without meeting the criteria for impairment.

Other Outcomes

Mean standard scores were computed for the 4 subtests of the
academic achievement tests, for the Movement ABC-2, and for
each of the 3 components of the Movement ABC-2. Mean Total
Problem, Internalizing, and Externalizing T scores were com-
puted for the Child Behavior Checklist. The severity of cere-
bral palsy was classified according to the Gross Motor Func-
tion Classification System.'® Blindness was defined as a
corrected visual acuity of less than 20/200 in the better eye.
Deafness was defined as the prescription of hearing aids or
cochlear implants. Parents completed the Social Communi-
cation Questionnaire.!” A total score of 15 or higher was used
to identify children at risk of autism spectrum disorder.'® A
prior diagnosis of autism spectrum disorder was recorded.
Height, weight, and head circumference were measured, and
z scores for age and sex were computed.!:2°
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Statistical Analysis

Assuming a functional impairment rate at 11 years of age of 45%,
asample of 1000 children would have provided 80% power to
detecta 20% relative reduction in the risk of the composite pri-
mary outcome. With the observed event rate 0f 37.6% in the pla-
cebo group, this study had 80% power to detect a 23% relative
reduction in the risk of functional impairment. Because random-
ization was stratified according to study center, the analyses of
the primary outcome and of all other dichotomous outcomes
were adjusted with the use of a logistic regression model that
included terms for treatment and center (smaller centers with
fewer than 20 observations per outcome were combined) and
familial grouping (multiple births). The treatment effect was ex-
pressed as an OR with 95% CI. The corresponding P value was
based on a Wald test. As at 18 months and 5 years,>° the OR was
adjusted in supportive analyses for the gestational age and sex
ofthe child, the antenatal administration of corticosteroids, mul-
tiple births, and the primary caregiver’s educational level. Mean
differences between the 2 groups for quantitative outcomes
were adjusted for center and familial grouping with multiple
linear regression. The severity of cerebral palsy as measured by
thelevels of the Gross Motor Function Classification System was
analyzed with ordinal logistic regression.

We conducted a post hoc analysis to investigate the ex-
tent to which the treatment effect of caffeine at 11 years could
be explained by reduced exposure to positive airway pressure
during the neonatal hospitalization. The postmenstrual age at
last use of positive airway pressure was added to the logistic
model that estimated the outcome based on treatment alloca-
tion and center. The resulting reduction in the coefficient as-
sociated with treatment was a measure of the treatment ef-
fect of caffeine that can be explained (on the log OR scale) by
earlier discontinuation of positive airway pressure in infants
assigned to receive caffeine compared with placebo. Confi-
dence limits were determined using a bootstrap approach.

For children whose academic performance could not be
tested owing to severe developmental delay or autism, stan-
dard scores were imputed as 11ess than the minimum achiev-
able for each subtest. An equivalent imputation rule was ad-
opted for children who could not complete the Movement
ABC-2because of cerebral palsy or because of another chronic
motor disability. All statistical analyses were performed using
SAS software, version 9.3 (SAS Institute Inc). All P values were
2-sided and considered significant if P < .05. No adjustments
were made for multiple comparisons in these analyses of
11-year-old children whose primary trial outcomes were
reported at 18 months.

|
Results

Study Participants

The numbers of infants who were enrolled in the original trial,
the numbers of surviving children who were eligible for the
present study, and the numbers assessed at 11 years of age are
shown in the Figure. In all 15 sites, 968 0f 1226 children (79.0%)
contributed at least partial data, including 24 Swedish trial
participants. Adequate data for an analysis of the primary com-
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Figure. Participant Flow Diagram

2006 Infants randomized in 35 sites

131 Children known to have died

271 Children excluded in 10 sites
because local language precluded
use of academic achievement tests

378 Children excluded in 10 sites
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because their center did not
participate for other reasons

1226 Children eligible but 24 in one Swedish
site could not complete all subtests of

of language barriers

the academic achievement test because

l

1202 Children eligible for assessment of the
composite primary outcome at 11y

|

|

602 Had been randomized to
caffeine group

600 Had been randomized to
placebo group

145 Children did not have adequate
data for analysis of the
composite primary outcome
14 Had incomplete assessments
52 Refused
79 Were not found

137 Children did not have adequate
data for analysis of the
composite primary outcome
10 Had incomplete assessments
55 Refused
72 Were not found

Numbers of infants who were

457 Children had adequate data
for analysis of the composite
primary 11-y outcome

463 Children had adequate data
for analysis of the composite
primary 11-y outcome

enrolled in the original trial, numbers
of surviving children who were
eligible for the present study, and

numbers assessed at 11 years of age.

posite outcome were available for 920 of the 1202 children who
were eligible for the ascertainment of this outcome (76.5%).
The characteristics of these children at birth were similar in
the 2 groups (Table 1).>:%:15:16:21-23 Ag in the initial larger study
cohort, the rates of disability at 18 months, including cerebral
palsy, had been reduced by caffeine therapy in the present
study participants (caffeine group, 132 of 444 [29.7%]; pla-
cebo group, 163 of 448 [36.4%]; P = .03), whereas disability
rates as defined at 5 years had been lower than at 18 months
and were no longer significantly improved by caffeine therapy
(caffeine group, 61 of 437 [14.0%]; placebo group, 74 of 433
[17.1%]; P = .20) (Table 1).>-6:15:16:21-23

The children’s age and school attendance at follow-up, as well
as the characteristics of their primary caregivers and families, were
similar in the 2 groups (Table 1).>-¢:1>16:21-23 Since their enrollment
into the study as newborns, 70 children had died in the 15 partici-
pating sites, 35 in each of the 2 treatment groups. Only 2 deaths
were reported since the last study-specific contact at 5 years.

Primary Outcome

The results for the primary composite outcome and for its com-
ponents are shown in Table 2. Of the 457 children with adequate
data for this outcome who had been randomly assigned to re-
ceive caffeine, 145 (31.7%) were functionally impaired at 11 years
of'age; of the 463 children with adequate data for this outcome
who had been randomly assigned to receive placebo, 174 (37.6%)
were functionally impaired at 11 years of age (aOR, 0.78; 95%

jamapediatrics.com

CI, 0.59-1.02; P = .07). With all available data, including those
from up to 24 Swedish trial participants, the rates of poor aca-
demic performance on 1 or more of 4 subtests (66 of 458 [14.4%]
vs 61 of 462 [13.2%]; aOR, 1.11; 95% CI, 0.77-1.61; P = .58) and
the rates of behavior problems (52 0of 476 [10.9%] vs 40 of 481
[8.3%]; aOR, 1.32; 95% CI, 0.85-2.07; P = .22) were broadly simi-
lar between the group that received caffeine and the group that
received placebo. However, caffeine was associated with a sig-
nificantly reduced risk of motor impairment vs placebo (90 of
457[19.7%] vs 130 0f 473 [27.5%]; aOR, 0.66; 95% CI, 0.48-0.90;
P = .009; number needed to treat, 13; 95% CI, 8-42).%4

It was reported previously that caffeine significantly re-
duced the postmenstrual age at which any positive airway pres-
sure was last administered* and that this intermediate outcome
explained 49% of the beneficial effect of caffeine on survival
without disability at 18 months.> We conducted a single post hoc
logistic regression analysis to explore this possible mechanism
for the beneficial effect of caffeine on motor impairment at 11
years, after adjustment for center and familial clustering. At 11
years, the postmenstrual age at the last use of any positive air-
way pressure (mean, 31.4 weeks for caffeine and 32.8 weeks for
placebo) explained 53% (95% CI, 22%-100%) of the observed
benefit of caffeine therapy on the outcome of motor impairment.

Other Outcomes
Mean standard scores for the 4 academic achievement subtests

and mean Total Problem T scores did not differ statistically
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Table 1. Characteristics of the Children and Their Families®

Children, No. (%)

Caffeine Group Placebo Group
Characteristic (n = 457) (n = 463) P Value
Children at birth

Birth weight, mean (SD), g 971 (181) 962 (184) 47

Gestational age, mean (SD), wk 27.4 (1.7) 27.4 (1.8) .76

Female sex 229 (50.1) 215 (46.4) .27

Birth weight <10th percentile for gestational age® 61 (13.3) 74 (16.0) .26

Exposure to antenatal corticosteroids 413 (90.4) 418 (90.3) .96

Singleton birth 312 (68.3) 333 (71.9) .23
Outcomes at 18 mo, No./total No. (%)

Disability® 132/444 (29.7) 163/448 (36.4) .03

Cerebral palsy 17/453 (3.8) 32/457 (7.0) .03

Moderate cognitive delay? 123/442 (27.8) 140/447 (31.3) .25

Severe cognitive delay® 43/442 (9.7) 55/447 (12.3) 22
Outcomes at 5y, No./total No. (%)

Disability” 61/437 (14.0) 74/433 (17.1) .20

Motor impairment? 5/447 (1.1) 10/446 (2.2) .19

Cognitive impairment" 20/437 (4.6) 12/441 (2.7) .14 Abbreviation: IQR, interquartile

Full Scale 1Q, mean (SD) 99.7 (16.0) 98.6 (15.3) .28 range.

Behavior problem’ 24/436 (5.5) 29/432 (6.7) 46 aThese data are for the 920 children
Age at follow-up, median (IQR), y 11.4(11.1-11.8) 11.4(11.1-11.8) .98 with adequate data for the
Schooling composite primary outcome at 11to

Mainstream school (public or private) 442 (96.7) 449 (97.0) 12 years of age. Percentages may

Special education facility 12 (2.6) 11 (2.4) 97 ?:JS;;:;O 100 because of

Home school 3(0.7) 2 (0.4) ’ b . .

. . - The 10th percentile for gestational

Hospital or chronic-care facility 0 (0) 1(0.2) age in a normal population was
Primary caregivers and family arrangements at follow-up reported by Kramer et al.?'

Relationship to child < Disability at 18 months was defined

Biological mother 384 (84.0) 398 (86.0) as at least 1 of the following
Biological father 55 (12.0) 57 (12.3) 13 conditions: cerebral palsy, moderate
Other Olj thnknown 18 (3.9) 8(1.7) E)cl’iiglrtl:;iday' deafness, and

Race/fathnlClty 9 Defined as a Mental Development

White 375 (82.1) 379 (81.9) Index score of less than 85 on the
Black 14 (3.1) 19 (4.1) Bayley Scales of Infant
Asian 45 (9.8) 45 (9.7) 54 Development, second edition.??
Indigenous 11 (2.4) 14 (3.0) ¢ Defined as a Mental Development
Other or unknown 12 (2.6) 6 (1.3) Index score of less than 70 on the
Did not finish high school or equivalent 93 (20.4) 96 (20.7) P X
. . Disability at 5 years was defined as
Completed high school or equivalent 87 (19.0) 91 (19.7) . atleast 1 of the following conditions:
Some college or university 78 (17.1) 67 (14.5) ’ motor impairment, cognitive
College or university graduate 199 (43.5) 209 (45.1) impairment, behavior problems,
Family arrangement poor general health, deafness, and
Single parent 59 (12.9) 60 (13.0) blindness.®
Single parent with partner closely involved 42 (9.2) 30 (6.5) ¢ Defin'e'd as' a Gross Motor Function
31 Classification System level of
2-Parent family 332 (72.6) 355 (76.7) greater than 2.6
Other or unknown 24.(5.3) 18 (3.9) " Defined as a Full Scale 1Q of lower
Other children <18y living in the household, median (IQR), No. 1(1-2) 1(1-2) .46 than 70 on the Wechsler Preschool
Family’s main source of financial support and Primary Scale of Intelligence
Earnings from employment or self-employment 398 (87.1) 422 (91.1) n.=
Government benefits (excluding pensions) 49 (10.7) 39 (8.4) 03 " Defined as a Total Problem T score
Other 10 2.2) 2(0.4) of higher than 69 on the Child

Behavior Checklist.’

between the groups (Table 3). The mean (SD) standard scores by the Movement ABC-2 were significantly improved in the
for overall motor performance (8.3 [3.4] for caffeine group vs  group that received caffeine therapy compared with the group
7.7 [3.5]for placebo group), manual dexterity (8.2 [3.3]forcaf-  thatreceived placebo. Only 50 of the 220 children with motor
feine group vs 7.6 [3.5] for placebo group), and balance (9.0[3.5]  impairment had cerebral palsy. Improvements in the severity
for caffeine group vs 8.3 [3.7] for placebo group) as determined  of cerebral palsy and in the frequency of use of mobility assis-
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Table 2. Primary Outcome of Functional Impairment

Group, No./Total No. (%)

OR (95% CI)

Adjusted OR
Outcome Caffeine Placebo Unadjusted Adjusted for Center P Value (95% CI)?
Composite
Functional impairment, No. (%)  145/457 (31.7)  174/463 (37.6) 0.77 (0.59-1.01) 0.78 (0.59-1.02) .07 0.79 (0.60-1.04)
Components®
Poor academic performance
One or more of 4 subtests 66/458 (14.4) 61/462 (13.2) 1.11 (0.76-1.61) 1.11 (0.77-1.61) .58 1.19 (0.82-1.74)
Sentence comprehension 24/450 (5.3) 11/454 (2.4) 2.27 (1.10-4.69) 1.88 (0.90-3.91) .09 2.05 (1.00-4.20)
Word reading 26/455 (5.7) 14/461 (3.0) 1.94 (1.00-3.76) 1.71 (0.93-3.12) .08 1.46 (0.77-2.78)
Spelling 30/455 (6.6) 21/461 (4.6) 1.48 (0.83-2.62) 1.30 (0.75-2.27) .35 1.42 (0.80-2.53)
Math computation 58/469 (12.4) 50/472 (10.6) 1.19 (0.80-1.78) 1.24 (0.82-1.85) 30 1.30 (0.87-1.94)
Motor impairment 90/457 (19.7) 130/473 (27.5) 0.65 (0.48-0.88) 0.66 (0.48-0.90) .009 0.67 (0.49-0.93)
Behavior problem 52/476 (10.9) 40/481 (8.3) 1.35 (0.88-2.09) 1.32 (0.85-2.07) 22 1.36 (0.87-2.14)

Abbreviation: OR, odds ratio.

2 Adjusted for the gestational age and sex of the infant, antenatal administration of corticosteroids, multiple births, and the primary caregiver's education

at the time of the assessment.

b For these analyses, all available data were used, including those from up to 24 Swedish trial participants.

Table 3. Secondary Outcomes of Academic Performance, Motor Skills, and Behavior®

Caffeine Group Placebo Group Mean Difference (95% Cl) Adjusted
Mean (SD) Mean (SD) Mean
No. of Standard No. of Standard Adjusted P Difference
Outcome Children  Score Children  Score Unadjusted for Center Value (95% CI)®
Academic performance
Sentence 450 99.8 (16.7) 452 99.9(16.2) -0.1(-2.2t02.1) 0.0 (-2.1t02.0) .97 -0.1 (-2.0to 1.9)
comprehension
Word reading 455 98.0 (18.1) 461 97.0 (15.8) 1.0(-1.2t03.2) 1.2 (-1.0t0 3.3) .29 1.0 (-1.1to 3.1)
Spelling 455 96.7 (17.9) 461 95.5(15.8) 1.2(-1.0to03.4) 1.4 (-0.8 to 3.5) 21 1.2 (-0.9t0 3.2)
Math computation 467 88.4 (16.5) 472 88.3(15.6) 0.1(-2.0t02.1) 0.2(-1.8t02.1) .87 0.0(-1.9t01.9)
Motor skills
Overall performance 452 8.3 (3.4) 472 7.7 (3.5) 0.7 (0.2 to 1.1) 0.6 (0.2 to 1.0) .005 0.6 (0.2 to 1.0)
Manual dexterity 458 8.2 (3.3) 472 7.6 (3.5) 0.6 (0.1 to 1.0) 0.5 (0.1t0 0.9) .01 0.5 (0.1t00.9)
Aiming and catching 456 9.0 3.4) 472 8.7 (3.6) 0.4 (-0.1 to 0.8) 0.3 (-0.1t00.8) .13 0.4 (-0.1 to 0.8)
Balance 455 9.0 (3.5) 472 8.3(3.7) 0.7 (0.2 to 1.1) 0.6 (0.2 t0o 1.1) .005 0.6 (0.1 to 1.0)
Behavior
Total Problem T score 476 53.1(11.8) 481 52.5(11.4) 0.6 (-0.9 to 2.0) 0.5(-0.9t0 2.0) .49 0.7 (-0.7 to 2.1)
Internalizing T score 476 54.6 (11.6) 481 54.6 (11.1) 0.0(-1.5to1.4) -0.1 (-1.5t0 1.3) .87 0.0(-1.4t01.4)
Externalizing T score 476 50.8 (10.9) 481 50.1 (10.7) 0.7 (-0.7 to 2.1) 0.7 (-0.7 to 2.0) 33 0.8 (-0.5t02.2)

@ For these analyses, all available data were used, including those from up to 24
Swedish trial participants.

b Adjusted for the gestational age and sex of the infant, antenatal administration
of corticosteroids, multiple births, and the primary caregiver's education at the

time of the assessment.

© Standard Movement Assessment Battery for Children, second edition, scores
range from 1to 19, with a mean (SD) of 10 (3). Higher scores indicate better
performance.

tive devices among those who received neonatal caffeine
therapy were not significant (Table 4). The rates of blindness
and deafness did not differ significantly between the 2 groups.
Thirty-two children received a diagnosis of autism spectrum dis-
order, 21in the caffeine group and 11 in the placebo group. The
percentages of elevated scores on the Social Communication
Questionnaire suggestive of autism spectrum disorder were
similar in the 2 groups (Table 4). Three children were depen-
dent on supplemental oxygen, and 4 children had a feeding tube.
Height, weight, and head circumference were comparable in
the 2 groups and within acceptable ranges for the ages of the
children (Table 4).

jamapediatrics.com

|
Discussion

We performed the international randomized placebo-
controlled clinical trial of caffeine therapy for apnea of pre-
maturity to resolve the longstanding uncertainty about the ef-
ficacy and safety of this therapy.>-2° It was reported previously
that caffeine reduced the risks of important neonatal morbidi-
ties, including bronchopulmonary dysplasia and severe reti-
nopathy of prematurity, as well as cerebral palsy and cogni-
tive delay at 18 months.*> Although the treatment benefits of
caffeine were attenuated when the children were 5 years of age,
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Table 4. Other Outcomes

Group, No./Total No. (%) OR (95% Cl)
Outcome Caffeine Placebo Unadjusted Adjusted for Center P Value Adjusted OR (95% CI)?
Cerebral palsy 21/484 (4.3) 29/484 (6.0) 0.71 0.69 .19 0.72
(0.40 to 1.27) (0.40t0 1.19) (0.40 to 1.30)
Severity of cerebral palsy
None 463/484 (95.7)  455/484 (94.0)
GMFCS level of cerebral palsy®
1 7/484 (1.7) 12/484 (2.5)
0.70 0.70 0.71
2 12/484(2:5)  5/484(1.0) (0.40t01.26)  (0.39to 1.25) 2z (0.40 to 1.28)
3 1/484 (0.2) 5/484 (1.0)
4 0/484 (0.0) 4/484 (0.8)
5 1/484 (0.2) 3/484 (0.6)
Blindness 4/484 (0.8) 1/484 (0.2) 4.02 NAC NAS NAS
(0.45 to 36.1)
Deafness 16/484 (3.3) 13/484 (2.7) 1.23 1.26 .55 1.32
(0.59 to 2.60) (0.59 to 2.69) (0.62 t0 2.79)
Autism spectrum disorder 21/484 (4.3) 11/484 (2.3) 1.95 1.91 .09 1.92
(0.93 to 4.09) (0.91 to 4.02) (0.91 to 4.05)
Social Communication 34/393 (8.7) 27/392 (6.9) 1.28 1.27 40 1.34
Questionnaire-Lifetime (0.76 t0 2.17) (0.73 t0 2.18) (0.78 to 2.31)
(total score 215)
Current use
Supplemental oxygen 1/484 (0.2) 2/484 (0.4) 0.50 NA€ NA< NA€
(0.05 to 5.52)
Tube feeding 3/484 (0.6) 1/484 (0.2) 3.01 NA€ NA€ NA<
(0.31t029.1)
Assistive device
None 475/484 (98.1) 466/484 (96.3)
: : 0.49 0.48 0.49
Braces, splints, or orthotics 7/484 (1.4) 7/484 (1.4) (0.22 to 1.09) (0.21 to 1.09) .08 (022 to 1.11)
Wheelchair or walker 2/484 (0.4) 11/484 (2.3)
Any hospital admission in past 40/484 (8.3) 35/484 (7.2) 1.16 1.14 .59 1.15
12 mo (0.72 to 1.85) (0.70 to 1.86) (0.71 to 1.87)
Mean Difference
LB (D) LERED Adjusted Mean
Growth Outcome Caffeine Placebo Unadjusted Adjusted for Center P Value Difference (95% CI)?
Height, cm? 145.7 (8.2) 145.8 (8.8) -0.01 0.03 .95 -0.25
(-1.1t0 1.0) (-1.03 to 1.09) (-1.20 to 0.69)
z Score -0.20 (1.06) -0.21 (1.14) 0.01 0.01 .92 -0.01
(-0.13 t0 0.15) (-0.13 t0 0.15) -0.14t0 0.12)
Weight, kg® 40.0 (11.3) 40.6 (11.2) -0.7 -0.8 21 -1.0
(-2.1t00.8) -2.1t00.5) (-2.3t00.4)
z Score -0.18 (1.25) -0.10 (1.28) -0.08 -0.09 .24 -0.09
(-0.24 to0 0.08) (-0.24 to 0.06) (-0.24 to0 0.06)
Head circumference, cm’ 53.6 (1.9) 53.6 (2.0) 0.1 0.1 .52 0.1
(-0.2t00.3) (-0.1t0 0.3) (-0.1t00.3)
z Score -0.62 (1.35) -0.70 (1.40) 0.08 0.10 21 0.08

(-0.10 to 0.26) (-0.06 to 0.26) (-0.08 to 0.24)

Abbreviations: GMFCS, Gross Motor Function Classification System; NA, not
applicable; OR, odds ratio.

2 Adjusted for the gestational age and sex of the infant, antenatal administration
of corticosteroids, multiple births, and the primary caregiver’s education at the
time of the assessment.

bLevel 1, limitations in speed, balance, or coordination; level 2, difficulty in
walking long distances or on uneven terrain or when carrying objects; level 3,
walks using a handheld mobility device in most indoor settings; level 4, uses
methods of mobility that require physical assistance or powered mobility in

most settings; and level 5, transported in manual wheelchair in all settings. The
ORs and 95% Cls for this outcome do not incorporate allowance for familial
clustering.

€ Numbers were too small to adjust for center or familial clustering.

dFor 474 children in the caffeine group and 478 children in the placebo group.
€ For 474 children in the caffeine group and 479 children in the placebo group.
f For 462 children in the caffeine group and 474 children in the placebo group.

secondary and post hoc analyses suggested that caffeine
therapy may improve motor function, including overall per-
formance on the Movement ABC, manual dexterity, and bal-
ance, and may reduce the rate of developmental coordina-
tion disorder.®” We conducted the present study to better
inform clinicians and parents of the long-term benefits and po-
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tential risks of one of the most common therapies in neonatal
medicine.'?-2® We found no evidence of long-term harmful ef-
fects of caffeine therapy for apnea of prematurity. Although
caffeine did not significantly reduce the combined rate of func-
tional impairments at middle school age, neonatal caffeine
therapy appears to have lasting beneficial effects on motor
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function. Approximately 13 preterm infants may need to be
treated with caffeine to prevent 1 case of moderate to severe
motor impairment at 11 years of age.?*

We cannot state conclusively that caffeine therapy improves
motor function at middle school age because any statistically sig-
nificant treatment effect on an individual component of a com-
posite primary outcome must be interpreted with caution, es-
pecially in the absence of a clear indication of a treatment differ-
ence for the composite outcome.?” However, children who were
randomly assigned to receive caffeine therapy have consistently
shown better performance on secondary and post hoc outcomes
of motor function, from early childhood to middle school age,
compared with children who were assigned to receive placebo.
Evidence of reduced rates of motor impairment was found at 18
months, at 5 years, and now at 11 years, despite differences in the
definitions of motor impairment and irrespective of the size and
completeness of the follow-up cohorts.>” We argue that the ob-
served reduction in motor impairment after neonatal caffeine
therapy may reflect a true causal relationship.

Less than one-fourth of the cases of motor impairment in
this study could be attributed to a clinical diagnosis of cere-
bral palsy. This finding is consistent with recent epidemio-
logic findings that developmental coordination disorder is a
more common adverse motor outcome after preterm birth than
cerebral palsy.?8-° It was previously reported that neonatal caf-
feine therapy may reduce the rate of developmental coordi-
nation disorder at 5 years of age.” What could be the likely
mechanism for this neuroprotective effect of caffeine? Our
single post hoc exploratory analysis suggests that the earlier
discontinuation of positive airway pressure in infants who had
been assigned to receive caffeine, compared with those as-
signed to receive placebo, may explain much of the beneficial

ARTICLE INFORMATION
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drug effect on motor impairment 11 years later. Prolonged me-
chanical ventilation is a strong risk factor for poor neurode-
velopmental outcome in very preterm infants.>°

In contrast to its lasting effects on motor function, neona-
tal caffeine therapy did not improve cognitive function at 5 years
of age® oracademic function at 11 years of age. We speculate that
the early beneficial effects of neonatal caffeine therapy observed
on cognitive development at 18 months were overwhelmed by
social and environmental influences in later childhood.3-*2

Limitations

The limitations of our study include the suboptimal ascertain-
ment rate: only 920 of the 1202 children (76.5%) in 14
English- or French-speaking sites who were eligible for the
present study contributed adequate data to the analysis of the
composite primary outcome of functional impairment. How-
ever, important characteristics at birth and outcomes at 18
months and 5 years in the 2 treatment groups were compa-
rable in children who were observed up to 11 years compared
with the larger and more complete cohorts that were as-
sessed at those earlier ages.*® This finding suggests that the
risk of ascertainment bias was low.

. |
Conclusions

Neonatal caffeine therapy did not significantly reduce the com-
bined rate of functional impairments but was associated with
areduced rate of motor impairment at 11 years of age in chil-
dren with very low birth weight. When prescribed at the doses
used in this trial, caffeine therapy for apnea of prematurity is
effective and safe into middle school age.
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