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ABSTRACT. Background. A National Institute of
Child Health and Human Development Neonatal Re-
search Network randomized trial showed that vitamin A
supplementation reduced bronchopulmonary dysplasia
(O2 at 36 weeks’ postmenstrual age) or death in extremely
low birth weight (ELBW) neonates (relative risk [RR]:
0.89). As with postnatal steroids or other interventions, it
is important to ensure that there are no longer-term ad-
verse effects that outweigh neonatal benefits.

Primary Objective. To determine if vitamin A sup-
plementation in ELBW infants during the first month
after birth affects survival without neurodevelopmental
impairment at a corrected age of 18 to 22 months.

Design/Methods. Infants enrolled in the National In-
stitute of Child Health and Human Development vita-
min A trial were evaluated at 18 to 22 months by carefully
standardized assessments: Bayley Mental Index (MDI)
and Psychomotor Index (PDI), visual and hearing
screens, and physical examination for cerebral palsy
(CP). The medical history was also obtained. Neurode-
velopmental impairment (NDI) was predefined as >1 of
MDI <70, PDI <70, CP, blind in both eyes, or hearing
aids in both ears.

Results. Of 807 enrolled infants, 133 died before and
16 died after discharge. Five hundred seventy-nine (88%)
of the 658 remaining infants were followed up. The pri-
mary outcome of NDI or death could be determined for
687 of 807 randomized infants (85%). Baseline character-
istics and predischarge and postdischarge mortality were
comparable in both study groups. NDI or death by 18 to
22 months occurred in 190 of 345 (55%) infants in the
vitamin A group and in 204 of 342 (60%) of the control
group (RR: 0.94; 95% confidence interval: 0.80-1.07). RRs
for low MDI, low PDI, and CP were also <1.0. We found
no evidence that neonatal vitamin A supplementation
reduces hospitalizations or pulmonary problems after
discharge.

Conclusion. Vitamin A supplementation for ELBW
infants reduces bronchopulmonary dysplasia without in-
creasing mortality or neurodevelopmental impairment at
18 to 22 months. However, this study was not powered to
evaluate small magnitudes of change in long-term
outcomes. Pediatrics 2005;115:e249–e254. URL: www.
pediatrics.org/cgi/doi/10.1542/peds.2004-1812; vitamin A,
retinol, follow-up studies, premature infant, outcomes as-
sessment, bronchopulmonary dysplasia.

ABBREVIATIONS. ELBW, extremely low birth weight; BPD,
bronchopulmonary dysplasia; NDI, neurodevelopmental impair-
ment; NICHD, National Institute of Child Health and Human
Development; RR, relative risk; CI, confidence interval; CP, cere-
bral palsy; MDI, Mental Developmental Index; PDI, Psychomotor
Developmental Index.

Extremely low birth weight (ELBW; birth weight
� 1000 g) infants are at high risk for mortality,
bronchopulmonary dysplasia (BPD, neonatal

chronic lung disease), and long-term neurodevelop-
mental impairment (NDI). ELBW infants are often
deficient in vitamin A (retinol),1 which may increase
the risk for BPD.2 Randomized, controlled trials and
a recent systematic review demonstrate that vitamin
A supplementation decreases BPD or death.3–5 In a
large trial conducted by the multicenter Neonatal
Research Network of the National Institute of Child
Health and Human Development (NICHD), 807
ELBW infants receiving respiratory support 24 hours
after birth were randomized to sham injections (con-
trols) or vitamin A at a dose of 5000 IU administered
intramuscularly 3 times per week for 4 weeks.4 Death
or BPD at 36 weeks’ postmenstrual age occurred in
significantly fewer infants in the vitamin A group
than in the controls (55% vs 62%; relative risk [RR]:
0.89; 95% confidence interval [CI]: 0.80-0.99) due to a
decrease in the rate of BPD.4

However, as emphasized by the experience with
postnatal steroids and other interventions, it is im-
portant to ensure that the benefit of a neonatal inter-
vention is not outweighed by longer-term adverse
effects.6,7 It is also essential to identify longer-term
benefits of a neonatal intervention. The objective of
this study was to evaluate rates of death, NDI, and
other adverse outcomes such as pulmonary prob-
lems and rehospitalizations before 18 to 22 months’
adjusted age among infants who were enrolled in the
NICHD vitamin A trial.4 Our primary question was
whether vitamin A administration had discernible
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effects on the likelihood of survival without impair-
ment at 18 to 22 months’ corrected age.

METHODS
The population was drawn from the cohort of ELBW infants

who participated in the vitamin A trial4 and were followed up at
18 to 22 months’ adjusted age. Participation in the vitamin A trial4
and in the follow-up program required informed consent from
parents or caregivers and was approved by the Institutional Re-
view Board of each center. During the follow-up visit, a compre-
hensive history, physical examination, and neurodevelopmental
assessment were performed by trained and certified personnel8
who were masked with respect to the infant’s group assignment in
the vitamin A trial. Neurologic assessments were done by the
Amiel-Tison method.9 Cerebral palsy (CP) was defined as a non-
progressive central nervous system disorder characterized by ab-
normal muscle tone in at least 1 extremity and abnormal control of
movement and posture. The developmental assessment consisted
of the Bayley Scales of Infant Development II.10 A Mental Devel-
opmental Index (MDI) or a Psychomotor Developmental Index
(PDI) of �70 (�2 SDs below the mean for normal infants) was
considered abnormal. Infants with very severe developmental
delay were assigned MDI and PDI scores of 49. Blindness was
defined as blindness in both eyes, and hearing impairment was
defined as having hearing aids in both ears. NDI was defined as
�1 of the following: MDI �70, PDI �70, CP, blind in both eyes, or
hearing aids in both ears.

The primary outcome, NDI or death, was assigned using data
from all participants in the vitamin A trial. Infants who died
before the follow-up evaluation and surviving children who had
NDI at the follow-up evaluation were assigned as having the
outcome; surviving children without NDI were assigned as not
having the outcome. Children who survived but were lost to
follow-up or followed but not evaluated completely for NDI were
assigned as missing this outcome. Six neurodevelopmental binary
outcomes were assigned for the children who completed the fol-
low-up evaluation: (1) MDI score �70 vs MDI �70; (2) PDI score
�70 vs PDI �70; (3) CP present or absent; (4) blindness present or
absent; (5) hearing impairment: present or absent; and (6) NDI
present or absent. Additionally, MDI and PDI scores were studied
as continuous variables. Other outcomes were also assessed based
on review of medical history as reported at the 18- to 22- month
visit by the mother or the caregiver, including number of rehos-
pitalizations between initial discharge to home and follow-up,
current, regular, or intermittent use of diuretics or bronchodilators
as of the follow-up evaluation, oxygen prescribed for home use or
use in a chronic care facility, and oxygen still prescribed at follow-
up.

Infants in the vitamin A and control groups were compared on
baseline characteristics determined at study randomization, MDI
and PDI scores, and each binary and ordinal outcome. Statistical
significance for unadjusted comparisons of continuous variables,
including MDI and PDI scores, was determined by Wilcoxon tests,
and for categorical variables by Fisher’s exact and �2 tests. RRs
and 95% CIs were estimated for binary outcomes. For binary
outcomes with at least 40 events, logistic regression models were
used to make comparisons between the treatment groups adjusted
for study center and birth weight strata (401–750 or 751–1000 g).
Statistical significance was determined by Wald �2 tests, and ad-
justed RRs were estimated by correcting the odds ratios.11 For
binary outcomes with �40 events, RRs were adjusted for birth
weight strata only, and statistical significance was determined
using the Mantel-Haenszel method.

RESULTS
A total of 807 infants born between November

1995 and July 1997 participated in the vitamin A trial:
405 in the vitamin A group and 402 in the control
group. Of these infants, 133 died before discharge
and 16 died after discharge, leaving 658 surviving
infants, 579 (88%) of whom were assessed at 18 to 22
months’ corrected age. The follow-up rate (vitamin
A: 87%; controls: 89%; P � .6) and mortality (vitamin
A: 18%; controls: 19%; RR: 0.95; 95% CI: 0.69–1.28,

P � .7) were similar in the vitamin A and control
groups. NDI could not be assessed for 41 surviving
infants. Therefore, the primary outcome, death or
impairment, at 18 to 22 months was determined for
687 of 807 infants (85% in both vitamin A and control
groups).

Baseline characteristics of the vitamin A and con-
trol group infants at randomization were comparable
for the infants who were followed up or who died
before follow-up (Table 1). Baseline characteristics
were also comparable between the groups for the
subset of infants who were followed-up (data not
shown). Among those seen at the follow-up visit, 40
of 579 infants (7%) were not evaluated for MDI and
45 (8%) were not evaluated for PDI, mostly for rea-
sons of mild/moderate sensory impairment, behav-
ior problems, non–English-speaking family with no
interpreter available, and intercurrent illness. Infants
with severe developmental delay were assigned a
score of 49, as described in “Methods.”

In comparisons of all measured neurodevelop-
mental outcomes, no significant differences between
the treatment groups were found (Tables 2 and 3).
Moderate/severe CP was 10% in both groups (RR:
0.99; 95% CI: 0.60-1.61; P � 1.0). The incidence of
blindness and hearing impairment was low in both
groups and did not differ between the groups.

We found no evidence of benefit from vitamin A
supplementation on pulmonary morbidity after dis-
charge (Table 4). The point estimates for the RR were
1.86 and 2.80 for ongoing oxygen use and diuretics.
CIs associated with these estimates were very broad
because of the small numbers of infants in either
study group with these adverse outcomes (Table 4),
and differences between the groups were not signif-
icant. Although no differences were found between
the groups in the percent of children prescribed ox-
ygen for home use or in the duration of oxygen
supplementation, it is necessary to note that thera-
pies being received at the time of follow-up at 18 to
22 months may be more likely to be reliably recorded
than therapies initiated or discontinued soon after
discharge home.

The presence of NDI at follow-up was associated
with the diagnosis of BPD at 36 weeks’ postmen-
strual age: 54% of infants who had BPD developed
NDI compared with only 37% of infants who did not
have BPD (RR: 1.48; CI: 1.22-1.80; P �.001).

DISCUSSION
This study demonstrated comparable neurodevel-

opmental outcomes at 18 to 22 months in vitamin
A–treated infants relative to controls (RR: 0.94 [0.80–
1.07] for NDI or death; RR: 0.90 [0.73–1.08] for NDI;
and RR: 0.86 [0.58–1.24] for CP). The strengths of our
study include evaluation of a multicenter cohort of
ELBW infants, with the primary outcome at 18 to 22
months determined for 85% of randomized infants,
and the use of masked, certified examiners and reli-
able standardized assessment tools for multiple neu-
rodevelopmental outcomes. The current study is im-
portant because it demonstrates that vitamin A is
unlike postnatal steroids and other interventions that
have been used for the prevention of BPD or other
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adverse outcomes but were later shown to possibly
have harmful long-term effects on neurodevelop-
mental outcome.6,7

The major limitation of our study is that the orig-
inal trial was not designed to have high power to
assess findings at follow-up. To confirm with 80%

power that a reduction in the proportion of children
with NDI of the magnitude observed in the vitamin
A–treated group (5%) was statistically significant,
we would have needed �1500 children in each
group. Although our results are not statistically con-
clusive, it is reassuring that the RRs for NDI and

TABLE 1. Baseline Characteristics at Randomization of Vitamin A Trial Participants Who Died or
Attended Follow-up

Characteristic Vitamin A Group
(N � 363)

Control Group
(N � 365)

P Value*

Gestational age, wk
Mean � SD 26.7 � 1.9 26.7 � 1.7 .7

Birth weight, g
Mean � SD 769 � 135 766 � 139 .7

SGA, n (%) 86 (24) 105 (29) .1
Male, n (%) 180 (50) 173 (47) .6
Race, n (%)

Black 180 (50) 174 (48) .9
White 112 (31) 118 (32)
Hispanic 62 (17) 61 (17)
Other 9 (2) 12 (3)

Antenatal steroids, n (%) 273 (75) 266 (73) .4
Apgar �3, n (%)

At 1 min 157 (44) 137 (38) .1
At 5 min 37 (10) 26 (7) .1

Delivery room care, n (%)
Intubation 326 (90) 331 (91) .7
Drugs for resuscitation 37 (10) 38 (10) 1.0

Surfactant use, n (%) 296 (82) 297 (81) 1.0
Respiratory status at 24 h

Mechanical ventilation, n (%) 329 (91) 330 (90) 1.0
Mean airway pressure
Mean � SD 6.9 � 2.5 7.0 � 2.5 .6

Fraction of inspired oxygen
Mean � SD 0.41 � 0.19 0.41 � 0.19 .9

* P values for comparisons between the vitamin A and control groups by Fisher’s exact, �2, or
Wilcoxon tests.

TABLE 2. NDI or Death Among Vitamin A Trial Participants by Treatment Group

Outcome* Vitamin A Group Control Group Adjusted RR Vitamin A
Versus Control (95% CI)†

P Value‡

Death, n/N (%) 73/405 (18) 76/402 (19) 0.95 (0.69–1.28) .8
NDI in survivors, n/N (%) 117/272 (43) 128/266 (48) 0.90 (0.73–1.08) .3
NDI/death, n/N (%) 190/345 (55) 204/342 (60) 0.94 (0.80–1.07) .3

* Deaths are reported among 807 children enrolled in the vitamin A trial. NDI is reported among children who completed follow-up and
could be assessed for NDI, N � 538. NDI could not be determined for 41 of 579 children who completed follow-up. NDI/death is reported
among children who died prior to follow-up and those who survived and were evaluated for NDI at follow-up (see “Methods”).
† RRs were adjusted for study center and birth weight strata (401–750 or 751–1000 g).
‡ P values from Wald �2 tests.

TABLE 3. Other Neurodevelopmental Outcomes Among Vitamin A Trial Participants who Attended Follow-up by Treatment Group

Outcome* Vitamin A Group
(N � 290)

Control Group
(N � 289)

Adjusted RR Vitamin A
Versus Control

(95% CI)†

P Value‡

MDI (mean � SD) 77 � 17 77 � 18 — .5
Median 79 78

MDI �70, n/N (%) 87/271 (32) 104/268 (39) 0.83 (0.64–1.05) .1
PDI (mean � SD) 81 � 18 79 � 19 — .5

Median 83 83
PDI �70, n/N (%) 66/268 (25) 79/266 (30) 0.84 (0.62–1.12) .3
CP§, n/N (%) 43/287 (15) 51/283 (18) 0.86 (0.58–1.24) .4
Blind in both eyes, n/N (%) 2/289 (0.7) 0/288 (0) — .5
Hearing impairment, n/N (%) 5/290 (1.7) 4/288 (1.4) 1.26 (0.34–4.64) 1.0

* Total N is shown in each group when outcomes are missing for some children who attended the follow-up visit.
† RRs were adjusted for study center and birth weight strata (401–750 or 751–1000 g), except for RR for hearing impairment, which was
adjusted for birth weight strata only.
‡ P values from Fisher’s exact, �2, or Wilcoxon tests.
§ Includes mild, moderate, and severe CP.
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other neurodevelopmental outcomes among vitamin
A–treated infants compared with controls were all
�1.0. A higher percentage of black children than
white children was included in our study popula-
tion. It is unclear whether this may affect the gener-
alizability of our results to ELBW populations with
different racial distributions.

The efficacy of vitamin A supplementation in re-
ducing BPD before nursery discharge has been well
established. Vitamin A supplementation has been
identified as a “potentially better practice” for the
prevention of chronic lung disease based on level 1
evidence (strong evidence from at least 1 systematic
review of multiple well-designed randomized, con-
trolled trials).12 The number needed to treat to ben-
efit 1 infant (by preventing BPD) is 14, a smaller
number than for many therapies such as diuretics
and bronchodilators commonly used for premature
and term newborns, older children, and adults.13–15

A recent survey showed that most neonatologists in
the United States do not supplement vitamin A to
ELBW infants because they consider the benefit to be
small or they do not appreciate the quality of the
evidence supporting the benefit.16 BPD and long-
term neurodevelopmental morbidity are complex
disorders, and it is unlikely that any 1 intervention
would have a major impact on their incidence. It may
not be reasonable to expect improvements in sur-
vival or morbidity of a magnitude such as those seen
with antenatal steroids17 or postnatal surfactants18

for these disorders. In complex disorders such as
BPD, it may be more reasonable to expect improve-
ments in outcome to occur gradually, in small incre-
ments with treatment advances. The RR of 0.87 and
the number needed to treat of 14, identified in the
systematic review of all relevant trials,5 indicates that
vitamin A supplementation is an incremental ad-
vance in our progress in reducing BPD in preterm
infants. Nevertheless, our findings and those of other
studies5,16,19 indicate a need to optimize the duration,
route, and dose of vitamin A supplementation and

better assess the effects during the neonatal period
and at follow-up.

It is difficult to determine if the effects of vitamin
A supplementation on neurodevelopment are inde-
pendent of its effects on respiratory status in the
neonatal period. NDI is of many causes. Similar to
other investigators,20,21 we found that BPD was sig-
nificantly associated with NDI at follow-up in this
trial. Vitamin A supplementation may influence NDI
indirectly through respiratory effects, perhaps by at-
tenuating lung inflammation or cytokine release. Vi-
tamin A may also have direct effects on neurodevel-
opment. Retinoic acid, the active metabolite of
vitamin A, is essential for postnatal maturation of the
cerebral cortex in animal models22 and for develop-
ment of the hindbrain and the visual and auditory
systems.23 Even in the mature brain, retinoic acid
signaling has been localized to sites of functional or
structural plasticity in the central nervous system.24

Vitamin A deficiency, which is common in ELBW
infants, may therefore contribute to neurologic se-
quelae. Additional follow-up of the infants, although
not currently planned, may yield additional informa-
tion on the neurologic sequelae of vitamin A defi-
ciency and the effects of supplementation in ELBW
infants. Vitamin A is also required for innate and
adaptive immunity,25,26 and it is possible that vita-
min A deficiency may increase the risk of sepsis or
lead to lung and brain injury by accentuation of
inflammatory processes and consequent cytokine re-
lease.

It is of interest that 20% and 25% of infants fol-
lowed in the control and vitamin A groups, respec-
tively, were on home oxygen for �6 months. More
than 1 in 3 ELBW infants was also receiving bron-
chodilators at the time of the 18- to 22-month visit. It
is difficult to arrive at valid conclusions from these
observations in the absence of a common standard of
practice or established guidelines on the use of home
oxygen or respiratory medications; however, it may
be justifiable to state that no marked improvements

TABLE 4. Other Outcomes Among Vitamin A Trial Participants as Reported by the Mother (or Other Responsible Caregiver) at the
18 to 22 Month Follow-Up Visit

Outcome* Vitamin A Group
(N � 288)†

Control Group
(N � 289)

Adjusted RR Vitamin A
Versus Control

(95% CI)‡

P Value§

Rehospitalized, % 50 49 1.03 (0.87–1.20) .7
Respiratory rehospitalization, % 30 29 1.03 (0.79–1.31) .8
Diuretics at 18- to 22-mo follow-up, % 4 1 2.80 (0.91–8.64) .06
Bronchodilators at 18- to 22-mo follow-up (%) 39 37 1.06 (0.84–1.29) .6
O2 prescribed for home use, n/N (%) 104/287 (36) 93/288 (32) 1.18 (0.92–1.47) .2
Duration of O2 use, n (%)�

1–3 mo 7 (7) 10 (11) — .1
4–6 mo 24 (23) 25 (27)
�6 mo 73 (70) 57 (62)

O2 still prescribed at follow-up, n/N (%) 18/287 (6) 10/288 (3) 1.86 (0.88–3.93) .1
Ventilator/CPAP still prescribed at follow-up, n/N (%) 1/287 (0.4) 0/287 (0) — 1.0

* CPAP indicates continuous positive airway pressure. Total N is shown in each group when outcomes are missing for some children with
medical history information.
† Medical history information was unavailable for 2 of 290 children in the vitamin A group who attended follow-up.
‡ RR adjusted for study center and birth weight strata (401–750 or 751–1000 g) except RR for use of diuretics and O2 still prescribed at
follow-up adjusted for birth weight strata only.
§ P values from �2 tests except ventilator/CPAP by Fisher’s exact test.
� Among the subset of children who were prescribed oxygen for home use. Duration was missing for 1 child in the control group.
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in postdischarge pulmonary outcome were noted af-
ter vitamin A supplementation in the neonatal pe-
riod.

CONCLUSIONS
Vitamin A supplementation for ELBW neonates,

an intervention shown to safely reduce BPD in the
neonatal period, does not seem to adversely affect
neurodevelopmental outcomes at 18 to 22 months.
The overall findings of our trial and others indicate
that vitamin A supplementation constitutes an ad-
vance in treating ELBW infants. It may, therefore, be
considered reasonable to implement routine supple-
mentation of vitamin A in ELBW neonates. Addi-
tional study is needed to optimize the duration,
route, and dose of vitamin A supplementation and to
better define its short- and long-term effects.
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APPENDIX. NICHD Neonatal Research Network, 1996–2006

Center Principal
Investigator

Follow-up Principal
Investigator

Network
Coordinator

Follow-up
Coordinator

Brown University William Oh, MD Betty Vohr, MD Angelita Hensman, RNC Lucey Noel, RNC
Case Western Reserve

University
Avroy A. Fanaroff,

MB, BCh
Dee Wilson, MD Nancy Newman, RN Bonnie Siner, RN

Duke University Ronald N. Goldberg, MD Ricki Goldstein, MD Kathy Auten, RN Melody Lohmeyer, RN
Emory University Barbara J. Stoll, MD Barbara J. Stoll, MD Ellen Hale, RNC, BS Ellen Hale, RNC, BS
Harvard University Ann R. Stark, MD Ann R. Stark, MD Kerri Fournier, RN
Indiana University James A. Lemons, MD Anna Dusick, MD DeeDee Appel, RN Leslie Richards, RN
Stanford University David K. Stevenson, MD Susan Hintz, MD Bethany Ball, RN Bethany Ball, RN
University of Alabama Waldemar A. Carlo, MD Myriam Peralta, MD Monica Collins, RN Vivien Phillips
University of California–

San Diego
Neil N. Finer, MD Yvonne Vaucher, MD Wade Rich, RN Martha Fuller, RN

University of Cincinnati Edward F. Donovan, MD Jean Steichen, MD Cathy Grisby, RN Tari Gratton, RN
University of Miami Shahnaz Duara, MD Charles Bauer, MD Ruth Everett, RN Mary Allison, RN
University of New Mexico Lu-Ann Papile, MD Lu-Ann Papile, MD Conra Backstrom, RN
University of Rochester Dale L. Phelps, MD Gary Myers, MD Linda Reubens, RN Diane Hust, RN
University of Tennessee Sheldon B. Korones, MD Kimberly Yolton, PhD Tina Hudson, RN
University of Texas–Dallas Abbot R. Laptook, MD Roy Heyne, MD Susie Madison, RN Jackie Hickman, RN
University of Texas–

Houston
Jon E. Tyson, MD, MPH Pamela Bradt, MD Georgia McDavid, RN Shannon Rossi

Wake Forest University T. Michael O’Shea, MD Robert Dillard, MD Nancy Peters, RN Barbara Jackson, RN
Wayne State University Seetha Shankaran, MD Yvette Johnson, MD Gerry Muran, BSN Debbie Kennedy, RN
Yale University Richard A. Ehrenkranz,

MD
Richard A. Ehrenkranz,

MD
Pat Gettner, RN Elaine Romano, MSN

NICHD Linda L. Wright, MD Beth B. McClure, MS Rose Higgins, MD Carolyn Petrie, MS
Research Triangle Institute W. Kenneth Poole, PhD W. Kenneth Poole, PhD Betty Hastings Beth B. McClure, MS

The biostatistics center for the vitamin A trial was the George Washington University Biostatistics Center in Rockville, MD. Investigators
were Joel Verter, PhD, and L. Mele, ScM.
* Steering Committee Chairman: Alan H. Jobe, MD, PhD.
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