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Enhancing the Outcomes of

| ow-Birth-Weight, Premature Infants

A Multisite, Randomized Trial

The Infant Health and Development Program
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lege of Medicine (Bronx, NY); Harvard Medical School
(Boslon, Mass), University of Miami School of Medicine
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cing (Philadelphia); University of Texas Health Science
Center al Dallas; University of Washinglon School of
Madwcine (Sealttle); Yale University School of Medicine
{Naw Maven, Gonn.

Site Directors: Patrick H. Casgey, MD, Arkansas; Ce-
ceha M MeCarlon, MD, Eingtein; Michael W. Yogrman,
MO, and Danial Kindlon, PhD, Harvard, Charles R.
Bauer, MD, and Keith G Scott, PhD, Miami: Judith
Barmbaum, MD, Pennsylvania; Jon E. Tyson, MD, and
Mark Swangon, MD, Texas; Clilford J. Sells, MD, and
Formest C, Bennett, MD, Washington, David T. Scott,
PhiD, Yale |

Education Directors: Joan Rorex, MEd, Arkansas;
Kathenne M. Lutzius, MEd, Einstoin; Marcia Hanley,
K5, Harvard, Mirni Graham, PhD, Miami;, Joanne
Crooms, MEd, Pannsyivania, Baverly A, Mulvilull, MEd,
Texas. Randi Shapiro, MEd, Washinglon, Sandra E.
Maimauist, MA, Yale; Betlye Caldwell, PhD, educalion-
al congultant, Arkansas: Ruth Turnet, EdD, Dallas Inde-
pandent School Dislrict llaison, Taxas; Rebocea R.
Fawall, PR, aducational consultant, Washingion.

Research Steering Committee. Halana (. Kragmar,
PR, chairwoman (Standord), Charles R, Bauer, MD
(Wigrei); J Brooks-Gunn, PhD (Educational Testing
Sarvies, Pruncelon, NJ), Manea G. McCormick, MO (Har-
vardy, Crang T. Ramaey, PhD (North Carolina), David T.
Seott, PhD (Yale), Donna Spiker, PhO (Stanforcd); April
A Benasich, PhD, ragearch associate (The Johns Hop-
king Univarsity School of Medicine, Baltimora, Md);
Sam Shapiro, special congullant 1o the Nalional Study
Oftice and ex-officio membaer of the Research Staering
Commiltes (The Johns Hopking University School of
Hygane and Public Health)

Additional Contributors at the National Study Of-
fice George Black; Mark P. Branagh, Michael Dauber;
Joan Farguson, MS; Jenny Goldbere. Nancy L. Green-
wood, Lynalle M. Hangen, Marlyn A, Hart; Dana Le-
Tancra, PhD, H. Pachlar, MS; Agnes M. Perlaki; Jill
Selts: Michael S, Shing, MS; Judy Lynn Stein; ParnelaM.
Tro. Susan M. Wiesa-Slatar, MA; Michael R. Wrona.
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The Infant Health and Development Program is an eight-site clinical trial de-
signed to evaluate the efficacy of a comprehensive early intervention in reducing
the developmental and health problems of low-birth-weight (<2500 g) premature
(=87 weeks) infants. Nine hundred eighty-five infants, stratified by site and
weight (<2000 g or 2001 to 2500 g), were randomly assigned to receive an
educational curriculum focused on child development, as well as family support
and pediatric follow-up, or only pediatric follow-up. At corrected age 36 months,
the intervention group had significantly higher mean IQ scores than the follow-up
group (mean difference in the heavier group was 13.2 and in the lighter group
6.6), significantly fewer maternally reported behavior problems, and a small, but
statistically significant, increase in maternally reported minor ilinesses for the
lighter-birth-weight group only, with no difference in serious health conditions.

OVER THE last decade, the survival
rate for low-birth-weight (LBW) in-
fants has increased markedly,” raising
questions about their subsequent health
and development. A number of studies
have found that LBW infants are at in-
creased risk for developmental delay”
and for a variety of medical complica-

For editorial comment see p 3069.

tions* in infancy compared with their
normal-birth-weight counterparts. At
later ages, LBW children tend to have
lower scores on tests of cognitive
functioning,” are more prone to difficul-
ties in behavioral adjustment,”™ and
are at risk for having learning problems
and poor academic achievement,” even
when cognitive test scores are nor-
mal."*" The risk for cognitive deficits is
present throughout the full spectrum of
birth weights less than or equal to 2500
g, although the risk increases as birth
weight decreases.®®" The likelihood of
adverse developmental and scholastic

From the Infant Health and Development Frogram,
Stanford, Calll.

Raprint requests to Infant Health and Development
Program, Bldg 460, Room 110, Stanford, CA 94305-

2135 (Ruth T, Gross, MD).

(JAMA, 1990:263:3035-3042)

outcomes also is greater in the face of
socioeconomic disadvantage*®"—itself
a risk factor for low birth weight and
prematurity°—and places many LBW
premature infants at dual risk from both
biologic and environmental factors. ™

A number of intervention studies
have shown improved outcomes for
LBW infants.** However, most have
been conducted at single sites with a
small number of subjects and have as-
sessed short-term benefits. The most
persuasive evidence of the efficacy of
early intervention comes from single
site studies of normal-birth-weight m-
fants and preschoolers from socially dis-
advantaged families.®® The applica-
bility of interventions designed for
normal-birth-weight children, howev-
er, has not been tested for LBW prema-
ture children, a population that may
have biologic constraints that limit their
responsiveness to such interventions.
Furthermore, many such programs in-
clude a group care component that
might result in increased exposure to
acute infectious conditions,”™™ the effect
of which is unknown on this vulnerable
population. Current legislation, Public
Law 99-457,% focusing on provision of
interventions for handicapped and at-
risk children, heightens the relevance
and the immediacy of this issue.

Low-Birth-Weight Infants — Infant Health and Development Program 3035
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Table 1. —Targeted and Actual Enroliment for Primary Analysis Group

~ Targeted No. _

Study and of Patients A T T T
Weight Group* (Per Site) Arkansas Einstein Harvard Miami Pennsylvania
Follow-up 90 80 92 a3 56 53

Heavier 30 30 32 31 20 23

Lighter 60 50 60 62 36 30
Intervention 45 48 46 45 44 48

Heavier 15 21 15 14 15 22

Lighter 30 27 31 31 29 26
Total 135 128 138 138 100 101

Heavier 45 51 47 45 35 45

91 93 65 56

Lighter 90 77

tal N. " PatlentsT

]

Texas __ Washington _ Yale  Total

88 80 66 608
so & 28 220
58 48 4 388
49 51 48 377
17 1.’ 22 142
32 35 24 235
137 131 112 985
47 AT 4 362

80 84 67 623

*Foliow-up indicates the group receiving the pediatric follow-up services but not the intervention services; intervention, the group receiving the pediatric follow-up and the
intervention services; heavier, infants weighing 2001 to 2500 g at birth; and lighter, infants weighing less than or equal to 2000 g at birth.
tFor full names of sites, see list of participating universities.

The Infant Health and Development
Program is the first multisite, random-

1zed clinical trial designed to evaluate

the efficacy of combining early child de-
velopment and family support services
with pediatric follow-up in reducing de-

velopmental, behavioral, and other

health problems among LBW prema-
ture infants (birth weight, <2500 g; ges-
tational age, <37 weeks). The interven-
tion protocol and the specific curricula
used in the Infant Health and Develop-
ment Program were adapted for LBW
infants from two longitudinal studies
of successful early intervention with
socially disadvantaged normal-birth-
weight children,*®

PATIENTS AND METHODS

- Kight medical institutions that serve
diverse demographic populations in dif-
ferent geographical locations were se-
lected through a national competitive
review.

The Sample

Enrollment Criteria.—A total of
4551 1nbhorn infants who would reach 40
weeks posteconceptional age between

January 7, 1985, and October 9, 1985,

and whose birth weights were less than
or equal to 2500 g were screened at birth
for eligibility. Of these, 3249 infants
were excluded before randomization by
protocol criteria related primarily to (1)
residence; (2) gestational age greater
than 37 weeks, as assessed by a modifi-
cation of the Ballard Examination™®" or
(3) hospital discharge before or after the
designated recruitment period. (Details
are in appendix 1, which is deposited in
National Auxiliary Publication Service
[NAPS] document 04773.) Unhealthy
infants were included unless they had an
illness or neurological deficit so severe
as to preclude participation in the inter-

“vention program; only 61 such infants

were excluded. Thus, the sample in-
cludes the majority of LBW premature
infants who survived the neonatal hos-
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pitalization and lived in the catchment
area, ie, within 45 minutes transporta-
tion time of each center. Of the 1302 who
met the eligibility criteria, the parents
of 274 (21%) refused consent to be ran-

domized. Among the 1028 infants who

had the consent of their parents and
were randomized, 43 were withdrawn
before participating in the study. The
remaining 985 infants constituted the
primary analysis group on which the
findings of this report are based.

The Target Sample Size.—The re-
search design included stratification by
elght sites and two birth-weight groups
(infants weighing 2001 to 2500 g, desig-
nated heavier, and those weighing
<2000 g, designated lighter). One third
of the sample came from the heavier and
two thirds from the lighter group. To
minimize the cost of the study, subjects
within each weight group were allo-
cated such that one third were random-
ized to the intervention group and two
thirds to the follow-up group. The tar-

geted overall sample size was based on

an estimated effect size (ES=differ-
ence between treatment group means,
expressed in SDs) of 0.5. For a single
outcome, a power of 99% (P =.05, two
tailed) was required in the total group
and the lighter group alone.,

Based on ourresearch design, the tar-
geted number of patients at each of the
eight sites was 135. The targeted and
actual numbers of enrolled patients are
shown in Table 1. The differences be-
tween these numbers reflect the effects
of randomization allocation and the
shortfall of subjects at some sites. The
actual enrollment remained adequate
for a power of at least 99%.

Recruitment and
Randomization

Immediately after hospital dis-
charge, patients were randomized by
the National Study Office using an adap-
tive randomization method®® that mon-
itored for a 2:1 balance and for absence

of bias between the two study groups in
each site and birth-weight stratum. In
the randomization, balance was moni-
tored for birth weight, gender, mater-
nal education (less than high school
graduate; high school graduate; some
college, or more), maternal race (black,
Hispanie, and white/other), primary
language in the home, and infant partici-
pation in another study. Further details
of the randomization process will be pre-
sented in a separate article.

Program Description

The program was initiated on dis-
charge from the neonatal nursery and
continued until 36 months of age, cor-
rected for prematurity. Infants in the
intervention and the follow-up groups
participated in the same pediatric fol-
low-up, which comprised medical, de-
velopmental, and social assessments,
with referral for pediatric care and oth-
er services as indicated. The services
exclusively for the intervention group
consisted of three components: home
visits,” child attendance at a child devel-
opment center, and parent group meet-
ings. All services were provided free to
the families.

Home Visits.—The protocol gpeci-
fled weekly home visits for the first
year, and biweekly visits thereafter.
The home visitor provided health and
developmental information and family
support and implemented two specific
curricula. One curriculum emphasized
cognitive, linguistice, and social develop-
ment via a program of games and activi-
ties for the parent to use with the
child."* The second curriculum in-
volved a systematic approach to help
parents manage self-identified prob-
lems.” '

Child Development Centers.—Be-
ginning at 12 months and continuing un-~
til corrected age 36 months, the inter-
vention children attended the center &
days a week. The teaching staff contin-

ued to implement the curriculum of

Low-Birth-Weight Infants —Infant Health and Development Program




Table 2. —Baseline Characteristics (Before Randomization) of the Primary Analysis Group

Baseline prmm—— - e S
Characterlstic Arkansas Einstein Harvrd Miam] Pennsyivania Texas Washington Yale

Birth weight, g (mean  SD)
[ntervention group

Follow-up group
(Aestational age, wk (mean x SD)

1861.0£429.1 1785.3:427.6 1741.2:x455.0 1727.1:4082.7 1920.9+422.3 1754.3+3954 1810.6:-432.5 1947.8::434.2
1817.0437.1 1837.9+420.8 1.761,7:&:466.0 1682.4£5686.3 1810.4:466.8 1746.3+440.9 1842.6::4558 1719.9+504.3

. g g g -t

i

.
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- - “a - - . - .
bl . -

Intervention group 33.1+2.3 32.6+2.5 33.1+2.8 326+23 33.6:£2.7 32.8+2.8 33.1+£2.5 33.3x2.2
Follow-up group 33.0+:25 32,8+ 2.5 32.7::2.9 32.7+2.6 33.7 2.7 33.2+2.8 33.5+ 3.1 32.7+3.0
. Neonatal Heaith IndexT (mean :x SD) |
Intervention group 1005164 1042141 1009142  103.0:x15.0 99.8 15,8 98.4::19.2  101.4+15.9 97.3::16.4

Follow-up group 99.7::15.7 97.8+£16.5 98.6x216.7  97.7%16.3 100.1 % 16.1 100.9+13.9 99.24+16.1 101.8+15.4

Maternal age, y (mean £ SD) _
[ntervention group 23.3 L 45 24,8+ 6,1 264.£59 22,7+ 6.1 24.34+5.8 22.0+6.0 26.3+5.4 26.9+:5.9
Folow-upgroup _ 245%58  267%65 277467 227452  228%x57 21450  27.3x57 25758
Maternal aducationt (mean:t: SD) |

nterventiongrovp _  18x08 1708  22x08  15:07  17x08 1606  21£09 2308

Follow-up group 20£0.8 1808  25x£07  1.5x07 1.9%0.8 1.4+0.6 2.2::0.8 2.3::0.8
. Gender, % M
| Interventiongrowp 479 500 489 523 479 49.0 49.0 54.3
= __Follow-up group _ 415 500 484 500 41.5 T 40.9 50.0 621
. Matemal race, % | "

Biack |
Interventiongroup %42 043 00 400 =073 95.8 69.4 23.5 26.1
Follow-up group 525 47.8 31.2 80.4 94.3 71.6 16.3 455
Hispanic

Intervention group _ 21 391 6.7 11.4 0.0 14.3 2.0 43
Follow-up group o 0.0 402 85 14,3 1.9 . 148 2.5 1.5
White/other _

. Intarvention group 43,7 196 53.3 11.4 4.2 16.3 74.5 69.6
Follow-up group 47.5 12.0 62.4 5.4 3.8 13.6 81.3 53.0
*For full names of sites, see the list of participating universities. |

+Neonatal Health Index is a score standardized to a mean of 100, with high scores signifying better health.®

+Malernal education is measured on a three-point scale, where 1 indicates less than high school graduate; 2, high school graduate; and 3, some coilege or more.

learning activities used by the home vis-
itors* and tailored the program to each
child’s needs and developmental level.
Teacher-child ratios were 1:3 for chil-
dren aged from 12 to 23 months and 1:4
for those aged from 24 to 36 months;
class sizes were six and eight children,
respectively. Each site provided trans-
portation in Infant Health and Develop-
ment Program-operated vans to any
child who needed it.

Parent Groups.—Beginning at 12
months, bimonthly parent group meet-
ings provided information on child rear-
ing, health and safety, and other parent-
ing concerns, as well as some degree of
social support.

A further description of the interven-
tion program will be presented in a sep-
arate article.

Assessment Schedule

Each child in the two study groups
was assessed by the clinical staff at
eight clinic visits occurring at 40 weeks’
conceptional age and at 4, 8, 12, 18, 24,
30, and 36 months, corrected age. Nine-
ty-two percent of the 36-month assess-
ments occurred within a specified time
window of =+ 2 weeks. -

At each clinic visit, data were col-
lected from the mother about the child’s

JAMA, June 13, 1990 ~Vol 263, No. 22

health and developmental funectioning
and about social and demographie char-
acteristics of the family. Growth mea-
surements of the child were gathered at

all visits. Cognitive assessments were

performed at 12, 24, and 36 months.
Behavioral data were obtained at 24 and
36 months. Additionally, at 12 and 36
months, home visits were made to as-
sess the quality of the home environ-
ment.

Specially trained assessors were used
for cognitive, behavioral, and growth
assessments, They were monitored to
ensure consistency across sites, and
they were “blinded” to study group sta-
tus, All agsessments in the study were
administered in English.

Primary Outcome Measures

This report is restricted to eight pri-
mary outcome measures that were cho-
sen to answer three main research ques-
tions: at 36 months corrected age, do
children in the intervention group differ
from thosge in the follow-up group in (1)
cognitive development, (2) behavioral
competence, and (3) health status?

Cognitive Development. — The
Stanford-Binet Intelligence Scale, form
L-M, 8rd edition (1972 norms),” was se-
lected as the measure of cognitive devel-
opment at 36 months.

Behavioral Competence. — The
mother’s report of behavior problems
was selected as the measure of behav-
joral competence at 36 months, using
the Child Behavior Checklist for Ages 2
to 8 years.” Employing the authors
“Total Problem Raw Score,” higher
scores indicate more reported behavior
problems. .

Health Status.—Health status was
regarded as .multidimensional.“* The
dimensions evaluated in this study were
(1) morbidity, defined as the presence
or absence of health conditions; (2) func-
tional status, defined by limitations in
activities of daily living due to health
problems and by alterations in physieal

growth; and (3) maternal perception of

the child’s health. As no single compre-

hensive measure existed, six different

measures were selected to assess these
three health areas.

Morbidity. —Two measures were de-
veloped by the Infant Health and Devel-
opment Program to ascertain (1) the
overall morbidity experienced by the
child and (2) the seriousness of the re-

ported health problems. At each assess-

ment, mothers were asked to recall and
report the incidence of each illness and
condition that occurred since the last
assessment. Their verbatim reports
were assigned International Classifi-

Low-Birth-Weight Infants —Infant Health and Development Program 3037
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cation of Diseases ICD~Ninth Revi-
ston codes” at the National Study Of-
fice, and all reports corresponding to
the same code (using the first three dig-
itg) were counted as one illness or condi-
tlon per assessment period.

® Mother's Report: Morbidity Index.
This index is a summation over the
three years of the number of hospitaliza-
tlons, outpatient surgeries, injuries not
resulting in hospitalization or outpa-
tient surgery, and different (code) ill-
nesses and conditions.

® Mother's Report: Serious Morbid-
ity Index. This index consists of the
number of years (0 to 3) in which there
was one or more of the following: hospi-
talizations, outpatient surgeries, pro-
Jonged or recurrent illnesses totaling 30
days or longer in a given year, and inju-
ries and briefer illnesses that were pre-
defined as serious by a panel of
pediatricians.

Functional Status.—The Functional
- Status II(R) Scale,”” used at 36
months, gauged the mother’s view of
the limitations in the child’s basic daily
activities as aresult of health problems.
Higher scores indicate a more favorable
functional status. Growth was assessed
by length and body mass index at 36
months.

Maternal Perception or Rating of
Child Health Status.—The General
Health Ratings Index from the Rand
Corporation Health Insurance Study®
- was used at 36 months. Higher scores
indicate better perceived health.

All health data were collected by the
clinic staff, except the 36-month growth
measures,

Analytic Strategies

Primary Analysis.—To accommo-
date the possibility that the effect of the
intervention would differ among sites, a
procedure developed by Fleiss® was
adapted. In brief, the procedure first
tests for heterogeneity of ESs across
the 16 subgroups (eight sites and two
birth-weight groups) and then esti-
mates and tests either an averaged ES if
there is significant heterogeneity or a
pooled ES if not. (Details are in appen-
dix 2, which is deposited in NAPS docu-
ment, 04773.)

To protect against false-positive re-
sults in testing efficacy with eight pri-
mary outcome measures, a Bonferroni
correction was applied, and the .006
(.05/8) sigmificance level was used for
each outcome.

Secondary Analysis.—When a sig-
nificant effect of the intervention was
found in the primary analysis, a second-
ary analysis using multiple linear re-
gression was employed to test whether
certain initial status variables had an

3038  JAMA, June 13, 1990—Vol 263, No. 22

Table 3.—Primary Qutcome Measures, by Study Group

~ Study Group

o e A4 o A e .y Al a4 e el e Pl el - PPl e iy
Follow-up Intervention Effect
(e e e e Size"
Measure No. Mean SD No. Mean SD (P)
Stanford-Binet
Scale, form L-M |
Heavier groupt 203 84.8 19.0 125 98.0 18.5 .83 (<.001)
Lighter groupt 358 84.4 20.5 222 91.0 19.0 41 (<.001)
Child Behavior |
Checklist for
Ages 2-3y 547 47.2 20.5 338 43.7 19.1 -~ .18 (.006)
Mother’s Report:
Maorbidity Index
Heavier group 200 68 3.0 126 7.3 3.2 A7 (NS)
Lighter group 351 7.0 3.2 219 7.9 3.4 29 (=.001)
Mother's Report:
Serious Morbidity
Index 5561 1.21 0.95 345 1.19 1.00 ~.001 (NS)
Functional Status |
Il (R) Scale 561 0.96 __0.08 346 0.97 0.07 .03 (NS)
- Length, cm 535 047 3.9 341 95.0 4. .09 (NS)
Body mass
index, kg/m?
Heavier group 196 15.4 1.3 124 15.6 1,2 .08 (NS)
Lighter group 338 15.1 1.3 217 15.2 1.2 .10 (NS)
General Health
Ratings Index 559 27.1 5.1 344 27.5 5.4 07 (NS)

*The effect size for an outcome measure is the difference between intervention and follow-up group means,
expressed in SDs. |In those cases in which there was a differential effect by site and weight groups, results are
presented separately for the heavier and lighter birth-weight groups. NS indicates not significant.

1+The heavier group comprises infants with a birth weight of 2001 to 2500 g and the lighter group comprises

infants weighing less than or equal to 2000 q.

effect on outcome. Included among
these variables were site; birth weight
(as a continuous variable); gender; a
Neonatal Health Index® based on
length of stay in the newborn nursery,
adjusted for birth weight and standard-
ized to a mean of 100, with higher scores
indicating better health; and the follow-
ing sociodemographic variables: mater-
nal education level, maternal age, and
maternal race. The main effect of each
initial status variable (irrespective of
study group), and of the intervention,
was tested to ascertain whether overall
each variable was independently pre-
dictive of the outcome. Further, the in-
teraction of each initial status variable
with the intervention was tested, again
controlling for all other variables, to as-
certain whether the effectiveness of the
intervention was related to that initial
status variable. Because the regression
analysis was employed only when a sig-
nificant outcome was found in the pri-
mary analysis, a .05 significance level
was used for these tests.

RESULTS
Sample Description and Retention

Although the baseline characteristics
of the study sample varied greatly
among the eight sites (Table 2), overall
the randomization procedure resuited
in comparable intervention and follow-
up groups at study entry. Retention
was high, with 913 of the 985 children in

the primary analysis group participat-
ing in the 36-month assessment for at
least one of the primary outcome mea-
sures (93% of each study group). This
small level of attrition did not affect the
comparability of the two study groups
at 36 months.

Primary Outcomes

The results for each of the eight pri-
mary outcome measures by study group
are presented in Table 3. Where there
are significant differences in ESs be-
tween the two weight groups, results
are presented separately for the heavi-
er and lighter groups.

Cognitive Development. — Primary
Analysis.—Overall, the mean 1Q scores
on the Stanford-Binet Intelligence
Scale were significantly higher for the
intervention children than for the fol-
low-up children. Because the effect of
the intervention varied significantly be-
tween birth-weight groups, separate
ESs were estimated for each weight
group. The effect in the heavier inter-
vention vs the heavier follow-up groups
was 13.2 IQ points (ES =.83, P<.001),
and in the lighter intervention vs lighter
follow-up groups, 6.6 IQ points
(ES =.41, P<.001) (Table 3).

Controlling for site and initial status
variables, the adjusted odds for having
IQ scores less than 70, ie, in the mental
retardation range, were 2.7 times
greater in the follow-up group (95% con-

Low-Birth-Weight Infants —Infant Health and Development Program
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Table 4. —Cumulative Stanford-Binet Scale 1Q Scores, by Birth Weight and Study Group

Cumulative

Stanford-Binet No. (%) of Patlents In Blrth-Welight Group
Scale 1Q Scores T T e
____at 36 mo* 51500 g ~1501-2000 g 2001-2500 g
50 — _
Intervention group 22 (26.8) 11 (7.9) 6 (4.8)
- Foltow-up group 43 (28.7) 39 (18.8) 37 (18.2)
<85
Intervention group 39 (47.6) 44 (31.4) 32 (25.6)
_ Follow-up group 35 (63.3) 97 (46.6) 111 (54.7)
<90 '
Intervention group 48 (58.5) 58 (41.4) 43 (34.4)
Follow-up group 104 (69.3) 119 (567.2) 124 (61.1)
<100
Intervention group 84 (76.0) 87 (62.1) 69 (55.2)
__Follow-up group 123 (82.0) 152 (73.1) 158 {77.8)
Total sample '
]-tﬁwa_nlllan group 82 (100.0) 140 (100.0) 125 (100.0)
Follow-up group 150 {100.0) 208 (100.0) 203 (100.0)

*The cutoff point of 70 is the 1Q level below which the scores fall into the mental retardation range, according to
the Stanford-Binet manual* The groups with scores less than 85 also include children with scores that are 1 SD
below the mean, which we refer to as subaverage. The groups with scores less than 90 inciude 23.2% of the
dis{ribution, which approximates the lowest quartite. The groups with scores less than 100 include those below the

mean.

Table 5.—Multiple Regression Analyses: Relationship of Initial Status Variabies to Three Major Qutcome

Measures*

Chiid Behavior Mother's Report:
Stanford-Binet Scale Checklist for Ages 2-3 y Morblidity Index
e sttt vt ettt sttt e e (et ooy
Standardized Standardized Standardized
Estimatet P Estimate P Estimate P
| Main Effectst
Initial status variable
Site . s <.001 028 - 2,001
Race Cue <, 001 o 044 e <,001
Birth weight .100 <.001 —.025 NS§ ~ 111 <2.001
Sox 050 NS -.072 029 ~,079 010
Maternal age ~.008 NS -.086 013 ~.024 NS
Maternal education 242 <001 -.165 <,001 075 ~.040
~ Neonatal Health Index .090 001 NS ~ 128 - «.001
intarvention effect 225 <.001 - 085 003 118 <,001
Interaction Effects |
Sile x intervention o NS _ oo NS
Race X intervention NS NS ... NS
Birth weight x
~intervention 067 014 ~.,019 NS ~.010 NS
Sex x intervention 040 NS 045 NS 003 - N§
Maternal age X
_Intervention 024 NS -8 NS 0 -05 008
Matarnal education
__xintervention —.024 NS 02 008 00 008 NS
Negnatal Health Index
» intarvention 005 NS ~ 002 NS .001 NS

*Thesea are the three outcome measutres that showed significant effects of the intervention.

+Standardized astimata s the regression coefficient multiplied by the SD of the autcoma measure divided by the
SO of the independent variables. They are presented only for the quantitative indepeandent variables to indicate the
diraction and magnitude of their effects on the outcome measures. |

FThe main effect of each initial status variable (irrespective of study group) and of the intervention was tested to

asceartain whether overall each variable was independently predictive of the outcome. Further, the Interaction of

each initial status variable with the intervention was tested, again controlling for all other variables, to ascertain
~whiether the effectiveness of the intervention was related to that initial status variable.

NS indicates not significant.

ﬁd&nce interval, 1.6 to 4.8).
Table 4 shows the proportion of chil-
dren in three birth-weight groups with

IQ scores below several cut points of

clinical relevance. In each of the three
birth-weight groups there was a larger
proportion of follow-up group children

JAMA, June 13, 1990—Vol| 263, No, 22

than intervention group children with
low IQ scores. In one subgroup only, the
infants who weighed less than or equal
to 1600 g and had IQ scores in the range
less than 70, this difference was
negligible.

Secondary Analysis.—As previous

research hags found, and as seen in Table
H, the multiple regression analysis indi-
cated a significant main effect of several
of the initial status variables on the
Stanford-Binet Scale 1Q scores. Higher
scores were associated with some sites
and also with being white, with higher
birth weight, higher Neonatal Health
Index, and higher maternal education.
Controlling for these variables, there
was a significant effect of the interven-
tion (adjusted ES = .59, P<.001). Final-
ly, there was an interaction between
birth weight and the intervention such
that the intervention was more effec-
tive for infants of higher birth weight
(P=.014).

Behavioral Competence. — Primary
Analysis.—The average score on the
Child Behavior Checklist was signifi-
cantly lower for the intervention group
than the follow-up group, with higher
scores indicating more reported behav-
ior problems (ES= —.18, P=.006) (Ta-
ble 8). Although the difference between
study groups was small, the adjusted
odds for having a score above 63, the cut
point above which scores are correlated
with clinically evident behavior prob-
lems,** were 1.8 times greater in the
follow-up group (95% confidence inter-
val, 1.2 to 2.9). The actual percentages
were 18.8% for the follow-up group and
13.9% for the intervention group.

Secondary Analysis.—The multiple
regression analysis indicated significant
main effects of several initial status
variables. Higher scores (suggestive of
more behavior problems) were associ-
ated with some sites, with being black
or Higpanic, with being male, and with
lower maternal age and education level
(Table 5). Controlling for these vari-
ables, there was a significant effect of
the intervention (adjusted ES= —.20,
P=.003). The only variable that had a
significant interaction with the in-
tervention was maternal education
(P =.009). With college-educated moth-
ers there seemed to be little difference
between the follow-up and intervention
groups, whereas with mothers with less
education, those in the intervention
group reported fewer bhehavior pro-
blems. ,

Health Status.—Primary Analy-
$18 — Among the six health status mea-
sures, the only measure with a signifi-
cant treatment effect was the Mother’s
Report: Morbidity Index. Higher mor-
bidity scores were reported for the
lighter-born children in the interven-
tion group than for the lighter-born chil-
dren in the follow-up group (BES=.29,
P<.001); no significant difference was
found in the heavier groups (Table 3).

Secondary Analysis.—The multiple
regression analysis indicated significant

Low-Birth-Weight Infants —Infant Health and Development Program 3039
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cant, increase in maternally reported
minor morbidity, with no evidence of an
increase in reported serious health
problems. The magnitude of these ef-

Table 6.—Site Variations in Three Primary Outcome Measures™
. S : - I Outcomaaae |
r____.____________________~_.n_.__.——-_———-——————————-—-*'—\
Child Behavior Checklist Mother's Report:

Stanford-Binet Scale for Ages 2-3 y Morbidity Index fects and also the levels l?f tpeu three
Sitet and - - o ures in the follow-u
Study'rGrOUp -~ No. Mean SD NoO. Mean SD No. Mean SD z;lgfl%??’rar&eeag) were in.flu enced by t}lg
Argﬂgﬁun 77 85.2 16.8 76 47.8 22.7 7 7.0 32 variation in the initial status character-
Intervention 42 99.5 18.0 42 39,3 16,7 41 6.9 2.7 i1stices at the a1tes (Table 2)_
Elgsatl?g:v-up 78 742 157 77 47.1 20.5 77 6.2 26  Cognitive Outcome
Intervention 9 847 184 43 490 226 4 85 99 The largest treatment effect was
HaFr;ﬁg:v w " w7 204 67 446 20.2 88 8.8 35  the significantly hig}ler cognitive scores
e 7T a1E 20 411 18.4 43 9.1 41 achieved by the intervention group
Miam ' compared with the follow-up group at
Follow-up 51 68.0  14.2 49 53.8 21.3 49 55 24 corrected age 36 months. The overall
Intervention 40 81.0 120 39 49.1 160 40 6.1 26  results are consistent with the mag-
Pennsylvania _ ~ nitude of cognitive gains reported
Follow-up 1 825 162 &1 0466 199 S 88 99 nreviously in single-site intervention
Intervention 43 95.1 12,6 43 43.9 24,2 43 6.9 2.4 studies with norm alebirthuw of ght disad-
Teéﬂlslow-up 79 804 129 75 48.1 20.6 77 5.7 24  vantaged children. ™ Further, the low
Intervention 47 87.1 17.6 47 427  17.2 47 7.8 35  Scores I the :t:oll-owmup group par allel
Washington those reported in other samples 9{ %BW
Follow-up 76 92.0 21.6 73 49.1 18,7 75 7.8 3.1 socially disadvantaged children.™”
Intervention 47  100.5 21.3 46 45.7 17.9 47 8.8 3.6 Birth weight had a main effect on the
Yale level of the IQ scores as well as an influ-
Foliow-up 61 91.1 20.0 59 42.6 18.9 57 7.1 3.2 ence on the Efﬁcacy of the intewentiﬂn;
Intarvention 42, 102.5 17.3 38 38.7 16.6 41 8.7 3.0 with a greater effect on heaviepbﬂm
Tolizlllow-Up 561 845 199 547 472 205 551 6.9 31  children. Two important observations
Intervention 347 935  19.1 338 43.7 19.1 345 7.6 33  regarding birth weight warrant empha-
Follow-up and sis, First, as shown in Tab}e fi, low and
“Intervention 908 . 885 896 subaverage scores are not limited to the

*These are the three outcome measures that showed significant treatment effects.
TFor full names of sites, see list of participating universities.

main effects of several initial status
variables. Higher values of the Morbid-
ity Index (suggestive of more morbid-
1ity) were associated with some sites,
with lower birth weight, with lower
Neonatal Health Index, with being
male, with being white, and with higher
- maternal education level. Controlling
for these variables, there was a signifi-
cant effect of the intervention (adjusted
ES=.27, P<.001). The only variable
that had a significant interaction with
the intervention was maternal age, with
younger mothers in the intervention
group reporting higher scores than

~ younger mothers in the follow-up group
(Table 5).

Site Differences

There was a wide variation in the pri-
mary outcomes among the eight sites.
This variation is demonstrated in the
- scores of the follow-up groups and in the
~ differing magnitudes of the treatment
effects (Table 6). With the 1Q test, for
example, the follow-up group scores
ranged from a mean of 68.0 at the Uni-
versity of Miami (Fla) School of Medi-
~cine to a mean of 96.7 at Harvard Medi-
cal School, Boston, Mass. Similarly, the
magnitude of the treatment effects var-
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1ed from an IQ difference of 0.4 at Har-
vard to 14.3 at the University of Arkan-
sas for Medical Sciences, Little Rock.
The multiple regression analyses sug-
gest, however, that the site differences
are assoclated predominantly with vari-
ations in the initial status characteris-
ties. Specifically, in Table 5 it can be
seen that after controlling for the initial
status variables, no significant site-by-
mtervention interactions are detected,
and the effect of the intervention overall

is statistically significant for the three
measures.

COMMENT

This study is the largest reported
multisite, randomized clinical trial of an
Intensive early childhood intervention.
It is also the first home- and center-
based educational intervention for
LBW premature infants from birth to
age 3 years. The results of this study

‘Indicate the effectiveness of a compre-
hensive intervention, even for hiologi-

cally vulnerable infants. Our findings
show that the children who received the

intervention experienced: (1) signifi-
cantly higher IQ scores; (2) significantly
fewer maternally reported behavior
problems; and (3) a small, but signifi-

smallest infants. In the follow-up group,
more than 18% of those weighing 1501 to
2000 g and 2001 to 2500 g have IQ scores
below 70, and almost 50% are below 85.
Second, Table 4 also suggests that there
13 one group in which the effectiveness
of the intervention is questionable—
those with birth weights less than or
equal to 1500 g and with IQ scores less
than 70. In this lowest-weight group,
there is little difference in the propor-
tion of intervention vs follow-up chil-
dren who have IQ scores less than 70. In
all other weight-by-1Q groups, the re-
sults favored the children in the inter-
vention group. _

The improvement in cognitive devel-
opment in the intervention group was
statistically significant at seven of the
eight individual sites (P<.056). We spec-
ulate that the nonsignificant result at
the one site, Harvard, may be related to
the sociodemographic characteristics of
the site, such as the large proportion of
college-educated mothers, as well as the
relative abundance of community re-
sources compared with the other sites.

Other issues warrant consideration in
the interpretation of the cognitive find-
Ings. The first is the potential effect of
bilingualism. Bilingual children are re-
ported to perform less well on tests ad-
ministered in English®* here the Stan-
ford-Binet test was administered only
in English. Although prerecruitment
screening ensured that all mothers

Low-Birth-Weight Infants—Infant Health and Devslopment Program
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could communicate 1n English suffi-
ciently to participate in the program,
23% of the children were regularly ex-
posed to another language. We there-
fore repeated the primary analysis,
excluding all children in bilingnal en-
vironments. Among the remaining
monolingual children, the overall ad-
vantage for the intervention group re-
mained large and highly significant
(heavier group: ES=.81, P<.001;
lighter group: ES = .28, P=.006). Thus,
the effect of the intervention is not sole-
ly a consequence of English-language
facilitation in the subgroup of children in
bilingual environments.

Another issue to consider is whether
exposure to the test items or to similar
materials during the study influenced
the magnitude of IQ scores in the inter-
vention group. The intervention currie-
ulum and the cognitive instruments
were selected independently, and as a
further precaution, the protocol denied
specific feedback to the education staff
on any child’s cognitive test perfor-
mance.,

Finally, although all assessments in
this study were based on age corrected
for prematurity, repetition of the pri-
mary analysis using uncorrected chro-
nological age yielded similar significant
results for cognitive outcome and the
same mean differences between the two

. : NI R T P R A A T L g 1 S TR A i A P T ot g g g gt
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...........................................................
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crease In serious health problems within
the intervention group. The only health
measure with a significant intervention
effect was Mother’s Report: Morhidity
Index, where the lighter intervention
group had higher reported morbidity
scores than the lighter follow-up group.
Further analysis of the components of
the Morbidity Index indicated that the
difference was accounted for primarily
by anincrease in the number of reported
briefillnesses and conditions. No signif-
lcant differences were reported by the
mothersin the two groups in the Serious
Morbidity Index.

At face value these findings suggest
that the intervention led to a slight, but
significant, increase in morbidity. How-
ever, other factors may well have con-
tributed to these findings. First is the
1ssue of reporting bias. Other studies
indicate that maternal report may un-
derstate children’s health conditions,”
particularly in disadvantaged groups.®
A second issue is the more intense
health surveillance and health educa-
tion in the intervention group compared
with the follow-up group.

It 1s unclear whether the higher Mor-
bidity Index score in the intervention
group reflects more complete and aceu-
rate reporting or areal increase in acute
conditions (that may well occur with
children in group care). Nevertheless,

T R A e T K R T R T e i e L 0 T e e b T Sl L T S el i

randomly assigned, the effect of such
crossovers would be to reduce the ap-
parent magnitude of the effect of the
intervention, ie, the actual treatment
effects might be somewhat larger than
those we have documented.

Conclusions

We conclude that this comprehen-
sive and intensive early intervention
program shows substantive promise of
decreasing the number of LBW prema-
ture infants at risk for later develop-
mental disability. We also document its
apparent safety in a biologically vulner-
able population. Additional exploratory
studies are under way to examine the
variations in ESs across different sub-
groups of children.

The long-term significance of these
findings is being addressed in the con-
tinued follow-up of the study cohort.
Erom follow-up studies of normal-birth-
welght disadvantaged children in pre-
school programs, it seems that 1Q ef-
fects attenuate when such children
enter the usual inner-city schools but
that subsequent advantages of the in-
terventions may accrue in the primary
grades. Such advantages include higher
academic achievement, fewer place-
ments in remedial classes, and lowered
risk of grade retention and school drop-
out; later, there may be reduced juve-
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during a 2-year period at eight different
rigorously controlled child development
centers there was not a single serious
infectious epidemic or a single major
accident. It is also possible that the pe-
diatric follow-up program extended to
all the children, regardless of group as-
signment, improved the health of both
study groups relative to LBW children
in most communities.

study groups. nile delinquency and increased employ-

men .52-65

Improving the status of young chil-
dren is the subject of policy debate cur-
rently and in the foreseeable future.
The results of this study are especially
timely and relevant to the concerns at
the federal and state levels for provid- | |
ing appropriate interventions for chil- e
dren at risk for developmental delay. - s

o - LRLL LU
rerun . -

Behavioral Qutcome

Compared with the follow-up group,
the intervention group at 36 months ex-
perienced a small, yet significant, ad-
vantage in behavioral competence, as
indicated by lower behavior problem
scores on the Child Behavior Checklist.
In secondary analysis, the treatment
group difference was seen largely in re-
ports from the less-educated mothers.
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Thus, the intervention may have helped
these mothers to become better in-
formed about age-appropriate beha-
viors and congequently to report fewer
behavior problems; it may have taught
them more effective techniques for be-
havior management; or it may have al-
tered the children’s behavior. Although
the data were collected through mater-
nal report, other studies involving ma-
ternally reported behavior problems at
this age indicate that such reports cor-
respond to clinically detected problems
and may be predictive of longer-term
adverse outcomes.”

Health Status Outcomes

Given the positive effects of this pro-
gram in cognitive development and be-
havioral competence, it 18 important to
ask whether group participation in the
child development centers led to an in-

JAMA, June 13, 1990~ Vol 263, No. 22

In this randomized clinical trial we
largely avoided the concern of differen-
tial attrition in the two groups by
achieving a 93% retention rate in the
intervention and the follow-up groups,
with good comparability in the initial
characteristics of the subjects at entry
and of those retained at 36 months. The
level of participation in the intervention
wasg generally high and similar across
gites; further detailed analyses are
forthecoming in a separate article.

The issue of “crossover” between the
intervention and follow-up groups also
might be a matter of concern. In the
follow-up group, 30% had entered a
community day-care center by 36
months corrected age; conversely, 14%
of the intervention group never at-
tended the child development center.
Because subjects were retained and an-
alyzed in the group to which they were

L ow-Birth-Weight Infants — Infant Health and Development Program

son Foundation to the Department of Pediatrics,
Stanford University, Stanford, Calif; the Frank
Porter Graham Child Development Center, Uni-
versity of North Carolina at Chapel Hill; and the
eight participating universities. Additional support
for the National Study Office was provided to the
Department of Pediatries, Stanford University,
from the Pew Charitable Trusts; the Bureau of
Maternal and Child Health and Resources Develop-
ment and the National Institute of Child Health and
Human Development, Health Resources and Ser-
vices Administration, Public Health Service, US
Dept of Health and Human Services (grant MCJ-
060515); and the Stanford Center for the Study of
Families, Children, and Youth.

“We express our deep appreciation to Ruby F.
Hearn, PhD, vice president of the Robert Wood
Johnson Foundation, for her guidance and support
throughout the study:.

See NAPS document 04773 for four pages of
supplementary material. Order from NAPS c/o Mi-
crofiche Publications, PO Box 3513, Grand Central
Station, New York, NY 10163-3513. Remit with
your order, not under separate cover, in US funds
only $7.756 for photocopies or $4 for microfiche.
Outside the United States or Canada, add postage
of $4.50 for the first 20 pages and $1 for each 10
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pages of material thereafter. The postage charge
for any microfiche order is $1.50. Institutions and
organizations may order by purchase order. How-
ever, there is a billing and handling charge for this
service of $15, plus any applicable postage.
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