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Objective.—To reevaluate at age 8 years children who had participated during
the first 3 years of life in a randomized clinical trial of special services far low-birth-
weight (LBW) premature infants. e R -

Design.—Foliow-up of a randomized controlied trial of premature infants (=37
weeks' gestation), stratified by 2 LBW groups (ighter [=2000 g] and heavier [2001-
2500 g]) and divided into intervention (n=377) and follow-up only (n=608) groups.

Setting.—Eight sites serving diverse populations.

- Participants.—At age 8 years, 874 children were assessed: 336 in the interven-
tion group and 538 in the follow-up only group. -

Intervention.—The 3-year intervention consisted of home visits (birthto 3 years),
child development center services (ages 1 to 3 years), and parent group meetings
(ages 1to 3years). - o

Primary Outcome Measures.—Cognitive functioning (Weschler Intelligence
Scale for Children—Ill; Peabody Picture Vocabulary Test-Revised); academic
achievement (Woodcock-Johnson Tests of Achievement—Revised); and parental
reports of school performance, behavior (Child Behavior Checklist), and health
(Child General Health Survey). _ _ :

Results.—At age 8 years, in the entire cohort and in the lighter LBW stratum, the
Intervention and follow-up only groups were similar on all primary outcome mea-
sures. Differences favoring the intervention group were found within the heavier
LBW group: full-scale IQ score (4.4 points higher, P=.007), verbal 1Q score (4.2
points higher, P=.01), performance 1Q score (3.9 points higher, P=.02), mathemat-
Ics achievement score (4.8 points higher, P=.04), and receptive vocabulary score

(6.7 points higher, P=.001). On a physical functioning subscale, the whole interven-

tion group received less favorable ratings, while the lighter LBW intervention group
had lower maternal ratings assessing sccial limitations caused by behavior.
Conclusion.—Ailthough at age 8 years there were modest intervention-related
differences in the cognitive and academic skills of heavier LBW premature
children, attenuation of the large favorable effects seen at 3 years was observed
in both the heavier and lighter LBW groups. This indicates a need to develop ad-
ditional intervention strategles for LBW premature children that can provide

sustained benefits. |
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ON GLOBAL MEASURES of intellj.
gence and other neurodevelopmental as-
sessments, low-birth-weight (LBW) pre-
mature children perform more poorty
than normal-birth-weight children. I
addition, by school age, LBW children
are at increased risk of learning (ig-
abilities,™ academic difficulties, "™ and
behavior problems,**% even in the ab-
sence of global intellectual deficits, Fow
research efforts have heen devoted ta
determining whether early intervention
could attenuate the long-term problems
seen in LBW preterm infants, 4

The Infant Health and Development
Program (IHDP) was designed as a mul-
Lisite randomized elinical trial evaluai-
ing in the first 3 years of life the efficaey
of center-based educational intervention,
home-based family support services, and
pediatric follow-up in reducing cogni-
tive, behavioral, and health problems
among LBW premature infants, The cog-
nitive and hehavioral outcomes of the
[THDP trial at ages 3 and 5 years have
been reported,’* as have the health
outcomes at age 3 years. ™% At 3 years,
the children in the intervention group
had gignificantly higher intelligence test
scores and receptive vocabulary test
scores and lower scores on a parental
measure of reported behavior problems
than the children in the follow-up only
group. The rate of maternally repovted
health conditions over the first 3 yeus
was greater for the children in the in-
tervention group (difference of 0.27), al-
though they were not hospitalized to a
greater extent than the children in the
follow-up onily group. The advantages
al age 4 years conferred by the inter-
vention were more pronounced in the
heavier LBW stratum (2001-2500 g) than
In the lighter LBW stratum (=2000 g)in
terms of 1Q score (14 vs 7 points), ve-
ceptive vocabulary score (9 vs 5 points),
and behavior problem score (7 vs 2
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points). In addition, the rate of mater-
nally reported health problems  was
greater in the lu,htm* LBW mterven-
tion group than in the lighter LI3W fol-
low-up ouly group (difference of 0,30);
no differences in the rate of maternally

reported health problems between the
intervention and lulluw-ul} only groups
were found in the heavier LBW stratum.

At age b years, 2 years after the in-
tervention ended, we saw an attenua-
Lion of IQ) effeets. Specifically, there were
no significant overall differences in IQ
score, receptive vocabulary, reported be-
havior problems, or health measures be-
tween the intervention and follow-up
only children. However, within the
heavier LEBW stratum, le intervention
group had higher full-scale 1Q scores (4
points) and verbal 1Q scores (4 points)
18 well as higher receptive vocabulary
Reores (6 points) than the follow-up only
Lroup,

The present report extends the follow-
Up to age 8 years, Age 8 years was cho-
seN because it is one age at which in-
creased academic demands may be
placed on a c¢hild,'” As such, it 1s a com-
mon time for grade failure and academic
problems to emerge. Our hypotheges
were that enhancements of global mea-
sures of cognitive function, such as IQ
score, that were found at 3 years would
he LLchnLh.Lted by age 8 years, but that
significant differences favoring the in-
tervention group would be found in
school performance measures of read-
ing and mathematics achievement and
in reduced rates of grade failure.

METHODS

Detailed information on the selection
of participants, study design, and com-
ponents of the intervention program has
been published previously™ ™ and will be
summarized here briefly. Infants were
eligible for the study if they had a hirth
welght of 2500 g or less, had a gestational
age of 37 weeks or less, resided in the

catchment area, and did not have a se-
vere medical itlness or neurological im-
parrment. Patients woere enrolled frrom
October TO84 through August 1986, A
total of 98D infants constituted the pri-
mary analysis group for the trial. These
in[lmtua were ) uulnm]v mimu*t] 't‘n t]w

up nnl_v m*nup (1 ""{J“H) umng‘ {l tlc'hlp:n
witl' 2_l:}i.l'tl'l-wuight HL 1L’..:1 lightc'r LIBBW

(2()(.)1—250() & n mdtud_])_'* I Altllnup:h the
baseline characteristics of the study
sample varied greatly across the 8 sites,
the randomization procedure resulted in
comparable intervention and follow-uyp
only groups at study entry.'

Infunts in both the intervention and
ollow-up only groups received the same
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periodie (through age 8 vears) medical,
ﬂc*voln}'}mc-ntttl, and social assessments,
with referrals made for other services

as needed, The eavly-intervention pro-
gram began at discharge from the neo-
natal nursery and continued until Octo-
ber 1988—until each child was at least
ab months of age, corrected {or prema-
turity. The intervention had 3 compo-
nentst: home visits through age 3 years,
attendance at specially designed c¢hild
development centers beginning at age 1
year through age 3 years, and a1 serjes
of parent group meetings every other
month during the second and third years.
Home visits were desipmned to occur
weekly in the first year md hiweelkly in
the second and third years, Over the 3
yvears an average of h(:.? lmmu visils
were made, Attendance at the child de-
velopment centers was to be for full days
Hl) weeles per year, The children attended
the centers an average of 267 days per
year (over both years), Parent group
meetings were to be held 4 times per
year; on average (over 2 years), there
wered, 7 parent group meetings per yeay.

After the intervention ended at age 3
years, the sites attempted to find ap-
propriate community educalion pro-
grams for children in both groups. Re-
sources available at each site differed
greatly; however, within the sites there
were no Intervention differences be-
tween the intervention and follow-up
only groups in maternal reports of en-
roliment. i education programs at age 4
YOS,

Of the original 985 infants in the pri-
mary analysis proup, 874 (809) were
evaluated at agre 8 years for a commee-
hensive assessment of cognitive func-
tioning, academic achievement, behay-
ior, and health. Individual sites differed
in the percentage of children they were
able to evaluate, ranging from 84% to
074%. Tho percentages of children within
the intervention and follow-up only
groups were siumilar, both overall and
within the sites, The mean age of as-
sessiment was 8.1 yeuars (range, 7.9-%.49
V),

The cognitive, academic achievement,
ardd hehavior evaluations at age 8 venrs
were performed by centrally tr ainod as-
sessors who were masked as to the ehild's
treatment group and history, Health sta-
tis was assessed by elinie stalf who had
access Lo the child’s treatment group
assignment and history, As with the
other evaluations, the assessment at e
8 oyears was Lo be conducted at the en-
rolling THDPE site, Whenever possible,
children who had moved away from their
enrolling site were assessod at alterna-
tive ltwaLic‘um, either at a nearby [HDY
vite or in thelr own communily, by a
masked assessor who was sent to evalu-

ate them, OF the 874 children who par-
ticipated in the masked portion of the
tssessment, adl but 58 (79%) were seen at
an [HDIP site,

rimary oul¢ome measures were in
the domains of cognitive skills, scehool
performance, behavior, and health sta-
tus. several measures were adminis-
tered in each domain., The complete hat-
tm*v is listed in Table 1, but only the
primary measures indice ated in Table 1
are reported here, The battory of tests
given to the child is lsted in the order

of administration, The hattory pener-
.fl.ll:.r took no more than 3 hours Lo com-
plete,

Differences between the intervention
ancd follow-up only groups with respeet
to each baseline characteristic were ay-
sessed using ¢ statistios for continuous
measures and y> statisties for categori-
cal measures, Neparate multiple linear
1'0;.,1*£ﬁhhmn maodels™ were developed for

cach outcome measure within each of
Llw_: 2 birth-weight strata, The same set
of & explanatory variables measured at
enrollment was used in each model: in-
tervention treatment group assignment
{(Intervention vs follow-up only), site (8
categories), birth weight (grams), sex
(male vs female), Neonatal Health In-
dex (caleulated hased on length of stay
in the neonatal nursery, adjusted for
birth weight, and standardized to a mean
of 100, with higher scores indicating bet-
e hmlth )P maternal edueation (did not
complete high school, completed high
schioo], postsecondary schooling), mater-
nal apge Crears), and maternal ethnicity
(African American, Hispanie, antd white/
other), Population marginal mean val-
ues wud differences (intervention vs fol-
low-up only) for cach outenme meastre
were computed from Lhe regression meol-
els todetermine ifthe intervention group
controlled for potentially confounding
effects of 1 or more of the 7 other base-
line explanatory variables* The popu-
lation marginal means estimate the ex-
yueLed outeome measure in either the
intervention or follow-up only group with
the 7other explinatory v avinbles et
to their average values within 4 particus
i birth=weipht stratum, Nominal 2 val-
Ues derived from LThe regression models
were wsed for primary onteome compai-
RO o ad justments seere made for mul-
Liple comparisons or nmltiple outenmes.®

RESULTS

Table 2 compures Lhe intervention
follow-up anly groups at age 8 years for
hazeling dataoblained at enrollment, The
baseline characteristies of the interven-
tion and follow-up only groups were coms
parable. Although within each site the
baseline characteristies were compurable
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Table 1.—Contents of the Age 8 Years Assessment for Children in the Infant Health and Development
Program | | |

- Dumains_ " m— mp-undqgj_

Developmental Test of Visual-Motor Intagration Gognilive: visual, | Child

(scale, 0-100.415; Beery,® 1989) graphomotor skilis |
Wachsler Inleiligence Scate for Children-—-lt Cognitive: verbal 1Q), Child

(scale, 0-100* 15; Wechsler,™ 1991) __performance K, full-scalg iQ L
Ray-Osterristh Complex Figure Gognitive: planning, organizing Child

(Waber and Holmes,* 1985) - _ and drawing, complex design
Woodcagk-dohnson Tests of Achisvement—-Revisedt School performance: Ghiig
_(scale, 0-100 15; Woodcock and Johnson,* 1990) feading and math siils L
Matrices (scale, 50+ 10; Eliiott,™ 1990) Cognilive: nonverbal Child

B __reasoning _ -

Peabody Piclure Vocabulary Test-Revisedt Cognitive: receptive Child

(scals, 0-100::156: Dunn and Dunn,™ 1981) | vocabulary - o
Wide Hange Assessment of Memory and Learning: CGognilive: mamory for Child

Story Memory (scale, 0-10.43; Sheslow and connacted discourss

Adams,*' 1990 o .
Behavior Rating Profile-2 Behavior Ghild

(Brown and Hammlll,"™ 1990) . L a -
Girowth maeasures - o ____Health Child
Fsychological Examination Behavior Profile Behavior CGhild agsessor

(Buka et al,’ 1992) |
e e s e U
Child Behavior Checklist | Behavior Molher

(Achenbach and Edelbrock,* 1983) ) -
Grade retention and special education} Scheol performancs Mother
Health questionnaire Heallh - | Malhar
Child General Health Survay Heallh: health-rslated Mother

(Landgral et al,*’ 1993) quality of lile

*Child measures are listed in the order of administration. Scale values are given In the form, range+SD.
TPrimary outcome measure.

Table 2.-~Baseline Characteristics of Children in the Infant Health and'Develupmant Program

At Enroliment - AtAge By
I - N
Intervention Follow-up Intervention Follow-up

. Characteristic Group ___OnlyGroup  Group  Only Group
Total No. (% of randomized infants)  377(100.0) 608 (100.0) _336(80.1) 538 (88.5)
Birth weight, g* ) 18193439 17814468 1799+439 1787 + 466
P T T o 88

Birth-weight group, % o T T B

+:2000 g 623 638 64.6 53.9

2001-2500 g B o anr aee 35.4 361

P T B R 85
Geslational age, wk* ' 330425  33.0:28 32.912.5 33.0--2.8

P T e
Neonatal Health Index* 100.7+.15 8 996v16.1  100.6+15.9 9981154

.ﬁ__.._.mu:,... N, — — —5 e
Matarnal age at enroliment, y* 246459 24,9461 HE&E:&:S.B 25.0:&:6?
Maternal education, %% T T k T

< High school | “ 43.0 38.2 40.8 | 36.2

High schoor S T 27 3 292 984

High school S 29.4 M5 30.1 35.3
N e Y
Race, % of infants T

Alrican American 53.3 52.0 53.0 52.8

i—liﬁpanfc: T 08  11a Y Y
ﬁ'}ﬁH'E;TEEEET“M“M”WWMM“WM“EEE““WM'W”% Tars a4
S A N
Male, % 504 487 49.7 49.4

Mﬁmmmmm

e b
= G0 94

%%
Clinie, distribution omittad, # 24 53

*Values are maan: 8D,
[or the intervention and follow-up only  Cognitive Outcomes
groups, there were differences hetween
the sites, particularly on demographic
characteristies, such as level of maternal
edueation and ethnicity,

Overall, we found no statistical dif-
fevences between the intervention and
follow-up only groups (Table 3). How-
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ever, the heavier LBW intervention
group displayed significantly higher
scores than the heavier follow-up only
group on the Weschler Intelligence Seale
for Children-ITT verbal IQ, performanee
IQ, and full-scale IQ tests, The heaviep
LBW intervention group also had sig.
nificantly higher scores on the Peabudy
Pieture Vocabulary Test-Revised, Nu
differences were found between the
lighter LBW intervention and follow-up

only groups.

We also examined whether there werg
sustained effects on IQ scores of the
intervention as a function of the maotlh-
er's level of education. In the ontire
group as well as the 2 LBW strata, there
were significant IQ differences hetwoeen
the children as a function of the moth-
er's level of education. Children of moth-
ers with post~high school education had
higher IQ scores than children of moth-
ers who had completed high school, while
children of mothers with less than 12
years of education had the lowest 1Q
scores. The differences between the in.
tervention and follow-up only groups,
however, were consistent across the 2
maternal education groups. Within the
heavier LBW stratum, there was g
4-point difference hetween the interven-
tion and follow-up only groups for each
of the maternal education subgroups—
the same intervention-related difference
as within the entire heavier L.BW stru-
tum. However, there were no 1Q) dif-
ferences between the intervention and
follow-up only groups for any maternal
education subgroup in the group uy «
whole or in the lighter LBW stratum.

School Performance Outcomes
Although there were no overall dif-

ferences between the intervention and

follow-up only groups on either compos-
ite of the Woodeock-Johnson Tests of
Achievement-Revised (Table d), the
heavier LBW intervention group had
significantly higher Woodceock-Johnso
broad mathematics scores than the
heavier LBW follow-up only group. Ny
intervention differences were found in
either the reading or mathematies seores
within the lighter LBW stratum.

Parents were asked whether children
had repeated a grade or were classified
as needing special education, Results
Indicate that the percentages of grade
repetition and of children classified for
special education were similay in the
overall intervention and follow-up only
groups and within the 2 birth-weight
strata.

Behavior Qutcomes

Results for the primary behavior meas
sure are shown in Table 5. When rated

Low-Birth-Weight Infants--McCarton el al



Table 3.—Cognitive Measures at Age B Years for Chitden in the Infant Health and Development Program®*

" BInth Welght,g =~ o
. ettt L e N e
2000 2001-2500
e e o - R
Difference, Dlfference, Difference,
Intervention Interventlon Intervention
VS Vs Vs
Follow-up Only Follow-up Only Follow-up Only
Follow-up [T Follow-up [ | Foltow-up | T
Intervention Only Mean Intervention Only Mean Intervention Only Mean
_____ Group Group Score P Group  Group  Score P Group Group Score P
No. of children 336 538 a7 344 ) ' 119 194 o,
Wachsler Inlelfligence
Scale for Children--{[|
Vearbal 1Q 93.4 aa2.4 0.9 36 91.3 91.3 A 97 08.5 04.3 4.2 i}
Performance 1Q 89.6 90.0 0.3 75 87.2 89.3 2.1 12 05,1 91.2 ) Y W
__ Full-scala 1Q %08 905 03 .77 . 883 895 - 11 89 965 o214 44 0w
Peabody Picture Vocabulary o
H’LG

Tﬂbl* Ficavisad EM 9

B#E}

| ..__tfém

“"Allﬁcmr@a Are Means. F’ﬂpulmiﬁn nﬁrginalmnan mnci di!mmrmfm wWere clmmad !mm mullinleIlnmﬂrragraﬁgmn mudtﬂ* lln‘llsztl]w‘md lmrﬁtln rumftslhmmiy. m"\larnal t}clurnmﬁa?
matarnal age, and Neonatal Health Indeax. In addition, tha birth-waight groap was ingluded in the ragression models tor the ovarall hmnplﬂ

Tahlu 4 wSc:hcuI Pearlarmanma al Agca 8 Yr:aarc, fr.:nr Ghi!drﬂn in thes Inhnt HE’:}.:IHI"I ﬂnd Dcwalapmam Prngram

Birth Walghh 9
[ rrmseR————— Tt OB TS S
2000 2001 »2500
e | [r—————————
Difference, Difference, Dlﬂﬁmnm.
Intervention Interveantion Intervention
V3 Vs Ve
Follow-up Only Foltow-up Only Follow-up On!y-
Follow-up T Fallow-up [~ Follow-up [ """
Intervention Only Mean Interventlon Only Mean Intervenltion Only Mean
o Group Group Score P Group Group Score P Group  Group Score P
Woodcock-dohnson Test of Achlevement-Revised®
_I_‘Jo_ of children 336 532 217 340 ) 119 192
Mean score
Broad reading a8.2 96.7 16 .24 96.4 95.4 1.0 56 102.2 88.8 3.4 ¥
Broad math 95.9 05.3 0.6 70 93.0 03.6 ~(),0 74 102.6 97.7 4.9 Ok
Maternal interviews
No. of inlerviexya 398 536 L 218 M4 L 20 e e
Mother rating, ©
Flapuated grada 14.2 ~15.1 . 7d ) 13.4 16.1 .90 - 158 LA i ¢
Classiliad as neadmg F | T
&pecial educatmn 17.2 ED.U 3(1 \HO.:B .;?0 .90 |1 ! TSB w

'All SCOres are maans. Pnpulalian marginﬁlf maeans am:l dn lar{anc’:es werﬂ tmrivﬁ;d I rom :nulhmﬁ Iirwmr rugrmwn mndulra thil ﬂt’l]uﬁlﬂﬂ lr::r ‘iﬂ{] rat:ﬂffallmimty rl'i:“llﬂmﬂl udm um«a
matarnal age, and Neonatal Heaith Index. In addition, the birth-weaight group wasg included in the ragression models for the ovarall sample.

by parents on the Child Behavior Check-
list, the intervention group had scores
equivalent to those of the follow-up only
group, and the 2 birth-weight strata
were also comparable. Moreover, the
percentages of children with hipgh scores
indicative of serious behavior problems
were similar in the intervention and fol-
low-up only groups and within the 2
irth-weipht strata, with between K%
and 12% raled as above the culpoint.,

Health Outcomes

Responses Lo questions regarding: ill-
nesses and hospitalizations revealed that
overall the groups had similar nimbers
of hospitalizations, surgical ]]It)wtllll‘*('H
anil school absences, As seen in Table 5,
the intervention and follow-up only groups
receivaed similar ratings on most seales of
the Child General Health Survey, Flow-
ever, in the sample as a4 whole, tlw intur-
vention group received lower ratings on

JAMA, January 8, 1997 Vol 277, No. ¢

the Physical Funetioning Seale, indieat-
ing that these children were pereeived as
heing: more limited than thoge in the fol-

low-1)y only grouap in the performance of

physical activities, such as playing sports,
walking up stairs, bending, lifting, or car-
ing for themselves, While the heavier
LBW intervention gr ) Wi not {liqtin

grished from the heavier LIBW [ollow.ap
only group onany measure of health, the
lighter LBW intervention groupreceived
lowoer ratings than the lighter LRBW fol-
low-up only group on the seale assessing
role/social limitations due tobehavioe, This
indicates that their pavents found them,

hoecause ol behavior problems, Lo be more

limited in the kind, amount, and degnree of

schoolwork and/or social activities they
could perform.
COMMENT

The present report details the long-
term follow-up of a multisite random-

ized elinieal trial of carly interventiog
from birth to 3 yews of age for LW
children. While the intervention i
proved copnitive test seores and reduerd
behavior problems at age 8 years, § yers
alter the intervention ended, at age =
veurs, overall [Q seore, cognitive skille,
sehool achievemaent, behavior, s hewpdt s
Nediees were similue in the 2 groupes of
chifdren, Both the intervention and fid
low-up only groups had 16 and voesbae
lary seores substantially helow expres
tations based on stundardized novoss
Moreover, there was no reduetion e
grade repetition or use of spoecial edu
cutional services, On the olher haod,
there were statistically significant, sl
beit elinieally modest, differences be
tween the heavier LBW intervention
and follow-up only groups on severs
measures  of  cognition  and  sehend
achliovement, Ax at age b years, thers

were no differences found on any
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Table §~—Behavior and Health Measuras at Age 8 Years for Children in the

Infant Health and Development Program?

7 T
2000 2001-2500
™ T SR B A ey
Difference, Difference, Diflerence,
Intervention Intervention Intervenilon
Ve VS V5
Follow-up Only Follow-up Only Follow-up Cniy
Follow-up [~—— Follow-up T R Follow-up [ r=rmmein
intervention Only Mean Intervention Only Mean Intervention Only Mean |
Group Group  Score p group  Group ~ Score P Group _Sroup  Score P
Child Behavior Checklist®
No. of maternal responsas %34 } 536 3 e 216 342 i . i 118 194 Y o
Mean score 32 31.9 0.2 87 33.0 31.9 1 SHSe 300 31.3 -14 83
% above culpointt {1, 3.5 45 12.0 11.1 74 9.3 6.7 . 40
Child General Health Survey
No. of maternal responses 338 539 e Cu 218 346 Cou 120 193 XX w
N — e e — " e T — . i masn % — v e “‘_“‘m*—*-—w“-——n-%w
Mean score |
(Genaral health 82.0 81.8 0.2 90 81.6 81.0 0.6 75 82.8 - 834 - .6 a3
P o 4 ottt e Tr—— B e R — ek i e - S et e e T v — T g A Pl e PP prver -
Physical Functioning | | : |
Scale 05.7 97.5 -1,8 03 04.6 96.8 ~2.2 07 97.7 08.8 -1.1 4
: e e R vt B 4 ! — eerrreremeee—eeeomrme s
Role/Sacial Limitations |
acale - | |
LRue to bahavior 86.2 886 - 2.4 14 7 84.4 89.0 o 02 30.1 88.0 2.1 AB
. i e e en et o “me“—*mmmm“wmﬂ A — T S BB L TR AR
Due 1o emotional |
problems 92.8 93.5 ~0.6 b2 02.5 Od. 1 1.6 32 03.5 92.7 0. P
D W‘MWHM-——M._W vty S oy L Pl S b reverer Pitergrarmis —
Due to physical |
health 93.7 95.6 - 1.9 09 93.1 0b.2 ~2.1 16 94.9 96.3 ~1.4 R E
e s PV — e TR T e PP, Py 7 e —— VP riry PP P P v v e s T—— — s S S S e e % - - e
Behavior Problems Seale 740 73.9 .1 80 73.3 _?4‘4 ~T1.1 B2 75.8 73.3 2.3 13
Menlal Health Scale 79,9 79.8 01 .87 79.6 795 01 91 803 804 01 95
Bodily Pain Scale - 88.1 88.5 0.4 .75 88.5 88.5 -0.1 97 87.5 88.6 ~1.1 58
Sell-asteem Scale - B5.7 85.7 0.1 .95 B5.5 86.0 ~05 .66 86.1 85.4 0.7 .64
General Health - |

Parceptions

77.7 77.0

¥y .50

76.4 76.0 0.4

78 80.4 78.8 .6 33

*All scores are means. Population marginal means and difierences wera derived from multiple iinear regression models that adjusted for site, race/ethnicity, malernal education.
maternal age, and Neonatal Health Indax. In addition, the birth-weight grou p was included in the regression models for the overail sample.

TThe cutpoints for the total score were 54 or greater

primary outcome measure at age 8 years
between the lighter LBW intervention
and follow-up only groups. The diminy-
tion of intervention effects after termi-
nation of this program is consistent with
the findings of numerous studies of nor-
mal-birth-weight disadvantaged chil-
clran, B =

Cognitive Outcomes

The success of the intervention for
the heavier LIBW children ean be gauged
by their higher tost seores in sovery)
cognitive skill areas (e, intellipence,
mathematies, and receptive vocabulary)
as well as on some measures of nonre-
ported secondary outcomes (ie, nonver-
bal reasoning and aspecty of organizing
the reproduetion of a complex, visually
presented design), These findings indi-
cate that the intervention hul modest
SLUCCeRS across a rangoe of intellectuul
functions for this subgroup of infunts,

The observed mean difference in full-
scale, verbal, and performance 1) scorves
of 4 points favoring the heavier LBW
intervention proup is consistent with
findings frrom the Abecedarian project,
4 O-year preschool eduentional interven-
tion for normal-birth-weight sociall y (lis-
acvantaged children that was the basis
of the IHDD educational intervention
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for girls and 61 or greater for boys.

component, At age 8 years, a difference
of 2.5 points was found for the Abece-
darian intervention group.® In additi on,
the mean difference in mathematices test
seores of & points is similar to the 9-point
difference found in the Abecedarian
project, This similarity in intervention
effects is notable given that the IRDP
targel population consisted of infants at
biological risk and that the intervention
stopped at age 3 years.

Incontrast to expectations, no differ-
ences in cognitive or behavior measures
were detected at § years! op 8 years of
age In the lighter LBW stratum. An
mtervention lasting only through age 3
years may have been insufficient to sus-
Lain long-term effects because the hio-
medical problems were preater in this
group of childven. In both the interven-
tion and- follow-up only groups, the
lighter LBW children had higher rates
of neurological abnormalities than the
heavier LBW children™ and had lower
1Q, receptive vocabulary, reading, and
mathematics seores. | -

Based on the results at 8 years of
age," we expected preater effects for
children of less socioeconomically advan-
taged backgrounds. Using maternal eda-
cation as a proxy, we found that there
was no speclal benefit for more soejo-

economically vulnerable children at age
& years. However, it should be noted
that in the earlier study maternal edu-
cation was dichotomized, while in the
current study it was trichotomizer,

School Performance Outcomes

Although it was hypothesized that the
effects of early intervention would he
most evident in the prevention of schoal
failure, no differences were found in the
percentage of children who repeated a
grade or who were placed in special edu-
cation, The grade retention rates of 14%
and 15% in the intervention and follow-
up only groups, respectively, were about
the same as the rates (16% after 8 yeurs
of school) found in the Abecedarian Pro-
gram.” The kindergarten and firs t-grade
retention rates for LBW children (12.3%)
reported in 4 large epidemiologic stud y
are comparable to those found in the
present study but were lower (7.6%) for
the overall distribution of children. How-
ever, the rates in the present study are
lower than that reported for 1 lar e
LBW sample, in which 24% of LBW
children who were 9 years old had re-
peated a grade™ The lower rates of
grade retention in the present sample of
LBW children may reflect differences
in school distriets’ eriteria for gradle re-
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tention and/or policy changes limiting
the number of children held back. It
may also be that differences in prade
repetition may not emerge until the chil-
dren are somewhat older, when demands
for academie performance are even
greater, such as during the later years
of clementary school, Support for this
hypothesis is garnered from the follow-
up of children in the Perry Preschool
Program,” which was a randomized con-
trolled intervention program during the
1960s of half-day preschool and weekly
home visits for 3- and 4-year-olds from
socioeconomically disadvantaged bhack-
grounds, Data from the follow-up indi-
ated that differences in rates of prade
relention and special education place-
ment were not detected between the
Intervention and control groups LlﬂLll the
¢hildren had completed thivd grade.

Behavioral Qutcomes

No intervention differences in paren-
tal ratings of behavior were found at
ape 8 years either m the group as a
whole or within either bhivth-weight stra-
tum. The attenuation of differences in
this domain is eonsistent with the find-
Ings at age 5 years, However, the per-
centage of children with high scores in
the heavier (7%) and lighter (12%) LBW
strata 1s greater than the 2% expected
based on the standardization sample of
the Child Behavior Checklist. A higher-
than-average rate of behavioral difficul-
tles is consistent with the findings from
other follow-up studies of LBW prema-
ture children,”*

Health Outcomes

No differences in any measure of ill-
ness or hospitalization were found at
agre & years, These results parallel the
finclings at age 5 years and indicate that
the modest elevation in minor illnesses
found in the intervention group at age 3
years was limited to the first year in

which children were in congregate child
care. However, a few differences were
found in the Child General II(* Uth Sur-
vey, which measures children’s health-
related quality of life, In the group as
whole, the intervention group received
lower ratings than the follow-up only
group on a measure of physical Himita-
Lions In behavior. Although no inter-
vention differences in health behaviors
were found in the heavier LBEW stratum,
within the lighter LBW stratum the in-
tervention group received alower rating
than the follow-up only group on the seale
assessing role/social limitations due to
hehavior, The reasons for the few inter-
vention-related differences in health be-
haviors remain speculative, One possible

explanation 18 that a great deal of train-
ing and observation was done with the
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mothers in the intervention grouyp, mak-
ing these mothers more aceurate obsery-
s and reporters of their children's
health-related behaviors,

CONCLUSIONS

After an K-year stucdy of this nature
one must ask what has been learned. In
particular, what does the average dif-
ference of 4 1Q points found in the
heavier LBW children mean? Individu-
ally, 4 1Q points would not produce u
functionally detectable difference he-
tween a child in the intervention group
aned one in the follow-up only group.
However, on a group basis, ad-point 1Q
difference between the intervention snd
follow-up only ehildren might reduce the
percentages of children classified as in-
tellectually deficient and of horderline
intelligence. For instance, approximately
11%: of children in the heavier LBW fol-
low-up only group had [Q scores in the
horderline range (ie, 70-80), Ifthese chil-
dren had received the intervention and
had gained the same 4-point increase in
their IQ score, only 8% of them would
have scored between 70 and 80, a per-
centage closer to that expected in the
population at large (7% of B-year-okls).

At the same time, it is reasonable to
question the economic price involved in
sustaining o 4-point FQ difference, Un-
fortunately, no true cost-benefit test is
possible. A major limitation ofthe THDP
11 that there were no prospectively ob-
tuined cost data for implementing the
program across 8 osites, although pro-
gram expenses were assessed at the Mi-
ami site, The cost of delivering the 3
programmatic components was  esti-
mated at $1H L6 per yuar per child®
The investigators suggested that this
high cost coudd have been reduced to
PRS00 per year per child if the centers
were loeated in the community rather
than at a central location, cutting down
Lransportation costs, and if the teachey-
to-chiltd ratio at the child care center
were inereased from 2:0 to 28,

Thoese costs would be offset i prade
retention was deereared and the neod
for speeial education was reduced, Al-
Chough we did not deteet sueh differ-
enees, it may have been too soon Lo aces
curately  assess  school  failure, T
mijority of children wore in first and
secontd grades, The results of the Peryy
Preschool Propram™ sugpest that even-
tually more children may be retained or
placedd in special elagses, Only future
evaluations of the THIDI cohort will he
able to assess whether economic ben-
efits will justify the large costs per child,

These roesults have several implica.
Lions [or future earvly-intervention |1t
gram intigtives, FFiest, our findings sug-
gost that programmatic efforts need to

distinguish between heavier and lighter
LW intants, The program did help ¢hil-
(ren with birth weights of 2000 2 or lass
ab age 3 years, but, clearly, the effects
were smaller and not sustained. The
lighter LBW group may contain o hip gher
proportion of neurologically impaired
children who could not benefit frrom the
intervention, Second, assessments need
to be refined enough to detect qualita-
tive differences between heavier and
lighter LBW infants, For example, ma-
ternal reports of attention deficit or dis-
tractibility may refleet environmental
conditions for the heavier LBW ¢hild
but may be related to nearological im-
pairment. in the lighter LRBW child, The
neavier LBW child may respond Lo
changesin ¢nvironment that the mother
can control, but the lighter LEW child
may need a more stractured and pro-
fessionally desipned situation, Third, the
lack of sustamed effect may reflect the
need for different or continued support
of ighter LBW children, It is the task
of future research to chavracterize the
populations needing ongoing support; to
explore the type, intensity, and dura-
tion of interventions needed to produce
sustained effects; and to develop poli-
cies to Implement such interventions,
I'inally, the corresponding low mean 1Q)
seores and high rates of sehool failure of
LBW ehldren underscore the impor-
tance of publie health efforts to reduce
premature births,

This study wies supported by poeunt SO0 1dR-00
from the Pew Charitable Trosts, Philadelphin, Pa;
by greant RO T 273800 Mron the National Tosti-
tute af Child Health and Fhaoane Drevelospment,
NitGong! Distitsites of Health, Betiesda, Md: and
by gresonds rom the Materepad ated Child Health Bue-
reatt (Title ¥V, Bociad Secarity Aet), Wusbingston,
Dy the Department. of Health and  Fumnn Ser-
viees, Washington, DC; and the Robert Womwd
Johnzon Foandation, Princeton, NJ.
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