
Research support. The National Heart, Lung, and
Blood Institute supports the entire spectrum of re-
search on hypertension. Research activities can be
divided roughly into three areas: knowledge acqui-
sition, knowledge validation, and knowledge trans-
fer.

Acquisition embraces basic and applied research.
Validation attempts to provide persuasive, if not
conclusive, evidence regarding an hypothesis. And
transfer includes demonstration and education.

Generally, NHLBI allocates 85 percent of its
budget for acquisition, 10 percent for validation,
and 5 percent for transfer. In the case of hyperten-
sion, however, 15 percent is allocated for transfer.
All blood pressure activities in Fiscal Year 1983
totalled $73.8 million. In FY 1985 that was expected
to increase by $10 million.
One example of a major research effort is a long-

term clinical trial of systolic hypertension control in
the elderly being conducted jointly by NHLBI and
the National Institute on Aging. Encouraged by a
pilot study, these agencies have made awards to 17
clinical centers throughout the United States and
one coordinating center. The trial will determine the
morbidity and mortality benefits of lowering iso-
lated systolic hypertension in the elderly.

While the cause of 95 percent of the cases of
hypertension remains unknown, data regarding car-
diac, nervous system, renal, humoral, genetic, and
environmental factors are growing. There is in-
creased knowledge of the roles of the autonomic
nervous system, the central nervous system, the

renin angiotension system, and vascular smooth
muscle and cell membranes in the regulation of
blood pressure.

This increased understanding is reflected in the
many and continuing advances in the development
of antihypertensive agents that have played a major
role in the successful effort to control blood
pressure. This area of basic research is not often
considered prevention, and yet the ultimate preven-
tion of hypertension most likely will be found in this
area of investigation.
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Synopsis .....................................

Cognitive data were obtained on 19 of the 21
pairs of siblings who had been in the authors' ear-
lier study of behavioral outcomes associated with
participation in the Special Supplemental Food
Program for Women, Infants, and Children (WIC).
The timing of WIC participation differed for the
members of the sibling pairs, beginning in the
perinatal period for one sibling and after I year of
age for the other. The perinatally supplemented
siblings received WIC services for an average of22
months longer than the siblings whose supple-
mentation began at I year of age.

The present study determined that enhancements
in IQ scores proved stable on blind retesting 32
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months after the original study, with those siblings
who were supplemented perinatally (and for a
longer duration) continuing to exhibit higher

scores. The group difjerences in school grade point
averages were in the expected direction atfollowup,
but fell short of statistical significance.

THE PRESENT INVESTIGATION SOUGHT to provide
a longitudinal examination of the impact of a
perinatal supplemental food program on cognitive
functioning during later school years. The portion of
the perinatal period during which supplementation
occurred corresponded to the brain's growth spurt
in the final trimester of pregnancy and a postnatal
period of roughly 6-12 months (1-5). Brain de-
velopment during this period includes rapid den-
dritic arborization, myelination, some neurogenesis,
and elaboration of a capillary network.
The group of children we studied participated in

the national Special Supplemental Food Program
for Women, Infants, and Children (WIC). Available
to low-income pregnant women and preschool-age
children, WIC provides food supplements, nutri-
tional counseling, and health monitoring. Infants
under 1 year of age received iron-fortified formula,
iron-fortified cereal, and vitamin C-rich fruit juice;
1-5-year-olds and pregnant women received milk,
eggs, cheese, iron-fortified cereal, and vitamin
C-rich juices.

Participants in the study sample all became eligi-
ble for WIC services in 1974, when WIC eligibility
was based on population nutritional risk factors (6),
not individual risk factors. However, all partici-
pants in the study group (7) met one or more of the
individual risk criteria later developed as a basis for
eligibility for the program (6). For children, these
criteria included a history of anemia or low weight
for height; criteria for pregnant women included
frequent pregnancy, young or old maternal age,
anemia, or high weight for height.

In our original study (8), we described significant
behavioral differences between sibling pairs who
differed in the timing and duration of their WIC
participation. The group that received supple-
mentation perinatally (the early supplement group)
typically excelled in a variety of cognitive mea-
sures, compared with their siblings who received
supplementation after 1 year of age (late supple-
ment group). The sample size was modest; modest
samples characterize the sibling control design (9-
11). This design does, however, control fairly pre-
cisely for the host of familial variables known to be
correlated with children's cognitive development,
making it possible to detect reliable nutritional cor-
relates even with small samples.

Because the cognitive differences reported in the
original study (8) were striking and obtained from a
supplemented group drawn from a population at
nutritional risk rather than a clinically malnourished
one, the report drew attention and spirited meth-
odological debate (7,8,12,13). In our original study,
some of the cognitive measures, including the IQ
assessments, were not obtained blindly, and issues
relating to score stability were unresolved. The pres-
ent report describes blindly obtained cognitive
data that permit an estimate of the stability of the
major cognitive measures used in the original report.

Methods

Original study sample. The original sample (8) con-
sisted of all located sibling pairs meeting study
criteria who had participated in the WIC Program
since it had been instituted in three rural Louisiana
parishes (counties). A sibling pair was selected if
both siblings in the potential sample had received
WIC services, but one member was at least 1 year
old when he or she began the supplemental feeding
programs (late supplement). The paired and as yet
unborn sibling began to receive supplements at least
by the third trimester of pregnancy, continuing
through at least the first year of life (early supple-
ment).

Because no within-family exclusions were made
when the program was instituted, the selection pro-
cedure introduced an age difference between the
early and late supplement groups, with the late sup-
plement sibling always the older member of the
pair. Because age and birth-order differences were
thereby introduced, an effort was made to minimize
other sources of environmental variability by choos-
ing only stable, rural parishes in Louisiana, where
no new educational or stimulative programs had
appeared to which the two siblings might have been
differentially exposed. The only preschool program
available at any of the sites was Head Start; equal
numbers of children in both supplement groups had
participated in this program.
Other requirements for pair selection were that

there be an approximately 2-year separation be-
tween the members of the sibling pairs (to reduce
variability in supplementation duration) and that
both members of the pairs have some school ex-
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perience. Only full siblings were included; twins
were excluded. A total of 27 pairs in the three
locales met all study criteria; 21 pairs could be lo-
cated. All located children participated in the origi-
nal study.
Followup sample. Of the 21 sibling pairs in the origi-
nal study (8), 19 pairs were located at followup 32
months later; two pairs had moved out-of-State.
The parents of all located children agreed to partici-
pate. The average age at followup of the early sup-
plement group was 107.5 months, and for the late
supplement group it was 138.5 months. Nineteen
children were black males, 15 were black females,
two were white males, and two were white females.
There were 8 different-sex and 11 same-sex pairs.
The average duration of supplementation was

52.6 months (SD, 11.6) for the early supplement
group and 30.47 months (SD, 10.6) for the late sup-
plement group. The content, monthly amount, and
sequence of the nutritional supplements were the
same for the two groups.
No quantitative data are available to compare the

health status of the mother during the pregnancies
with the studied siblings, although it would be rea-
sonable to expect (14-16) that third-trimester sup-
plements might enhance her health. If so, the health
enhancement is not reflected in different Apgar rat-
ings for the two supplement groups; mean Apgar
ratings at 1 and 5 minutes after birth for the supple-
ment groups do not reliably differ. Average birth
weights for the two groups were also similar-
3,119.35 grams for the early supplement group and
3,064.07 grams for the late supplement group, a
nonsignificant difference.
Data obtained at the time of the original study (8)

from Mercer's Sociocultural Scales (17) indicated
that the sample did not differ markedly from the
U.S. low-income population except for urban accul-
turation scores, which were quite low. The families
of about half of the participants had received wel-
fare from Aid to Families with Dependent Children
at one time or another. The average maternal educa-
tion in the present followup sample was 10.9 years.
None of these educational or sociocultural mea-
sures differ between the sibling supplement groups.

Information on parity (birth order) was obtained
from birth certificates. In three pairs, the siblings
were not of adjacent parity; in the remaining pairs,
parity was adjacent. Average parity was 4.0 in the
early supplement group and 2.6 in the late supple-
ment group, with a parity range of 1-15. The sample
contained 10 first-born (all late supplement), 11
second-born, and 8 third-son children, with the re-
mainder of higher parity.

Cognitive measurement. Three psychologists admin-
istered the complete Wechsler Intelligence Scale for
Children-Revised (WISC-R) (18) to each of the 38
children, using the child's school as the testing site.
The psychologists were unfamiliar with the chil-
dren's nutritional histories or with the study's hy-
potheses. Employed in the private sector and hired
by contract, the psychologists were told they would
be testing siblings, but not which sibling was ex-
pected to score higher or whether they were ex-
pected to score differently. The same psychologist
assessed both siblings of a pair, usually on different
days. Members of participating agency staff were
cautioned against sharing the children's charts with
the assessors. After the data were gathered, all test-
ers stated that they had remained unaware of the
hypothesis of the study. Staff from the agency
executing the study obtained the children's school
grades in reading, writing, and spelling. Each grade
was converted to grade point averages (GPAs), with
A = 4, B = 3, C = 2, D = 1, and F = 0 points.
Mercer's Sociocultural Scales (17), which had

been administered to parents in the original study,
were not readministered at the followup. Hence, the
Estimated Learning Potential, a popular corrected
estimate of intellectual level reported in the original
study, could not be calculated.

Results and Discussion

The table presents the mean WISC-R scores and
GPAs of the full sample of 42 siblings in the original
study (8), the results from the original investigation
of the 38 siblings who were located later for fol-
lowup (original study results for followup sample),
and the new data obtained 32 months later in the
present followup. No significant differences were
found in the means or standard deviations in any
measures between the original study and its sub-
sample (item 1 versus item 2 in the table).
Comparison of the data from the followup results

(table item 3) with those of the original study sub-
sample (item 2) indicates that trends in supple-
ment group differences are generally replicated at
followup. However, the contrast between the GPAs
of the two nutritional supplement groups at fol-
lowup is not now significant (F = 3.68). The con-
trasts between the three summary IQ scores remain
significant at followup, indicating that stable cogni-
tive differences continue to exist between the two
nutritional supplement groups under blind assess-
ment conditions. The F-test results for the Verbal,
Performance, and Full-Scale IQ supplement group
contrasts at followup are 6.23, 5.90, and 7.56, re-
spectively. When raw data were examined for the
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Cognitive achievement of early and late supplement groups in original and followup assessments of siblings given nutritional
supplementation through the WIC Program

Wechsler Intelligence Scale for Children-Revised

Verbal IQ Performance IQ Full -scale /Q' GPA2-3
Number,
sibling F test F test F test F test

Study group pairs P level Mean SD P level Mean SD P level Mean SD P level Mean SD

1. Original study (8):
Early supplement .... 21 89.9 9.2 85.1 8.3 86.4 7.3 2.6 0.9

10.00002 0.002 0.00002 0.0006
Late supplement ..... 21 76.0 11.5 174.8 11.5 173.4 11.9 11.7 1.2

2. Original study
results for
followup sample:
Early supplement .... 19 [90.2 9.7 185.4 8.7] 87.3 7.6 2.7 1.0

0.001 j 0.004 0.0004 0.010
Late supplement ..... 19 78.1 11.1 J 75.2 11.4 J 74.8 11.5 j 1.7 1.2

3. Followup results:
Early supplement .... 19 88.5 8.7 88.8 8.7 87.8 8.5 2.5 0.8

0.017 0.020 0.009 40.063
Late supplement ..... 19 79.7 11.6 80.4 12.4 78.5 12.0 12.0 0.9

'Verbal, Performance, and Full-scale 10 scores are separately scaled; the last is
not the average of the first two scores.
2Age-matched grade point average.

sibling pairs, the early supplement member dis-
played the higher IQ in 17 of the 19 comparisons.
The pattern of group differences on the 10 sub-

tests of the WISC-R was examined. Group differ-
ences were generally somewhat larger on the
verbal-area subtests than the performance-area sub-
tests, as suggested by the means in the table. The
early supplement group was consistently superior
on all 10 subtests; the subtest in the performance
area in which the groups had performed similarly in
the original study (8, p. 1113) no longer yielded
similar performance. The average performance of
the early supplement group was consistently
superior to that of the late supplement group on all
cognitive factors tapped by the WISC-R.
When interpreting this apparent cognitive differ-

ence between the two supplement groups, one must
consider possible correlates that might selectively
influence one of the two groups to produce the IQ
differences. The most obvious candidates for such
consideration are the age and parity differences be-
tween the two supplement groups. Generally, the
research reports relating parity or age to ability
measures have indicated that, except for only chil-
dren, early-born children or older children score
slightly higher on ability measures, on the average,
than later born or younger children (19-26). The
effect is a joint function of parity and family size; the
relationship is slight, but now fairly reliably estab-
lished: if IQ correlates to parity, it tends to correlate
negatively.
The present results are a reversal of this typical

3For the original study and original results of followup sample results, grade
point average means are based on grades from the first 3 years of school.
4Not significant.

finding. Here, as in the original study (8), higher
parity, younger (early supplement) children score
significantly higher on the IQ test than their lower
parity, older (late supplement) siblings. Thus, age
or parity differences between the supplement
groups would not seem to be an adequate explana-
tion for the significantly different WISC-R scores
for the two supplement groups, either in the original
study or the followup.

It should, however, be emphasized that occa-
sional sources of evidence have reported (27-29)
that the usual relationship between parity or age and
IQ is obscured and even reversed in extremely poor
environments. To take account of this phenome-
non, the "cumulative deficit" hypothesis was de-
veloped. It proposes that the usual parity and age
effects hold only for beneficent environments and
that a reversed relationship of parity and age to IQ
is to be expected with sustained exposure to de-
prived environments.
The hypothesis, as formulated by Jensen (30),

has descriptive and explanatory portions. First, the
occasionally noted increasing test score decrements
over time of disadvantaged groups compared with
advantaged groups are described. Second, the hy-
pothesis seeks to explain any cumulative decrement
in terms of the cumulative effects of a deprived
environment. It is primarily the second portion of
the hypothesis that is relevant to our present dis-
cussion.
The hypothesis has sometimes been supported

(30,31) and sometimes not (32-35). Jensen (30-31)
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did obtain some evidence of a small cumulative
deficit in his methodologically sound investigations
employing sibling comparisons in deprived and less
deprived school children. Therefore, it is important
to consider the possibility that the results of the
present sibling control study could be explained in
terms of an environmental deficit suffered for a
longer period by the older, late supplement siblings,
rather than a specific perinatal nutritional deficit.
The present followup investigation was designed

(7) in part to investigate the cumulative deficit hy-
pothesis as an alternative explanation (12) to the
nutritional enhancement interpretation offered to
explain the results of the original investigation (8).
If environmental deprivation operated over time to
produce a cumulative development lag so that older
siblings score below younger siblings, then an
added time interval would magnify this discrep-
ancy. Examination of the table indicates, however,
that the followup study revealed a reduced discrep-
ancy between the two supplement (age) groups, not
a magnified difference; the 13-point group differ-
ence in a Full-scale WISC-R scores in the original
study became a 9.3-point difference in the pairs
located at followup. Further, if the same 19 pairs of
siblings are followed from the original study to the
present followup, both groups actually increased
their Full-scale WISC-R scores over time. The
early supplement group's score increased by 0.5
point, and the late supplement group's score in-
creased by 3.7 points; neither group decreased over
time. Thus, it seems reasonably clear that age or
birth-order correlates, from either deprived or non-
deprived populations, are inadequate explanations
for the present data.

Data from the original study subsample and the
followup assessments were compared to check the
possibility that the score changes over time were
actually significant. Duncan's Multiple Range Tests
indicated that the differences between the original
study subsample and followup assessments were
not statistically significant for Verbal, Performance,
or Full-scale IQs within the early or late supplement
group. The only significant contrasts were those
between the two supplement groups at each of the
two assessment times.
Although the IQ scores did not change appreci-

ably over the 32-month interval between assess-
ments, one might consider the processes that may
have led to the consistent trend, over time, toward
reduction of the contrast between nutritional groups
on each of the cognitive measures. Several distinct
possibilities should be noted. First, it is certain that
the convergence of the means of the two supple-

ment groups over time represents, at least in part,
simple statistical regression to the mean. Any study
like the present one that uses two imperfectly corre-
lated variables (IQ and supplement group) will, of
mathematical necessity, display regression toward
the population mean if cases are studied that are
extreme on one of the variables (36,37). In the pres-
ent instance, both supplement groups have IQ
scores that are distinctly below national and ethnic
group norms. Regression effects are indicated by
regression toward the population norms on the sec-
ond testing occasion.
Cohen and Cohen (36, pp. 45-46) observed "Be-

cause regression toward the mean always occurs in
the presence of a nonperfect linear relationship, it is
observed when the variables consist of the same
market taken at two points in time. In this circum-
stance, the extreme cases at Time 1 subsample will
be less extreme at Time 2." The present followup
data exhibit this expected regression effect: the late
supplement group, which had the more extremely
low WISC-R values at the time of the original study
subsample, is the group that shows the larger score
increase at followup, attenuating the supplement
group difference at followup. It is possible that
these regression effects obliterated the potential
cumulative deficit effects previously discussed, as
well as attenuating followup supplement group dif-
ferences.
The fact that regression effects are displayed in a

data set is not evidence of a methodological flaw;
such effects inevitably appear when repeated mea-
sures are taken on imperfectly correlated variables,
in which some scores were extreme on the first
measurement occasion (36-38). To avoid regres-
sion effects, one would be required to avoid many
areas of scientific investigation. Statisticians do,
however, counsel that caution be used when making
substantive interpretations about posited operative
factors when such factors would have operated in
the same direction (here, score convergence at fol-
lowup) as the regression effect (37-38).
One may then cautiously note two substantive

factors that might have operated in the present data
set, along with regression effects, to produce some
score convergence over time. It is possible that the
greater objectivity of blind assessments at the pres-
ent followup, as opposed to the original study,
contributes to the phenomenon. There is further
possibility that the adverse effects correlated with
perinatal nutritional risk diminish somewhat over
time, and other environmental stimuli assume
greater importance. This finding has been previ-
ously reported (39,40).
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The failure of the nutritional groups to display
significant differences in GPA at followup is partly
to be expected from regression of deviant GPAs at
followup. A possible substantive factor that might
also have operated is related to an educational tradi-
tion in elementary schools. As a child becomes
older in Western cultures he is less likely to be
retained in a grade as a result of failing grades be-
cause of a general belief that a child should be with
his approximate age peers. There is evidence that
this tendency operated here by the fact that of the
14 retentions-in-grade (5 in early supplement group,
9 in late supplement group), 8 occurred in the first
grade. As the table indicates, the age-matched GPA
comparisons in the original study and its subsample
were made on the first grade data only, when failing
grades were awarded more freely than in later
years. The followup GPA data are based on 3 years
of schooling, when teachers are more inclined to
truncate the GPA scale by avoiding the lowest
value. This truncation would inevitably tend to
move the GPA means for the two supplement
groups into greater proximity. One should, how-
ever, note that the trend of the GPA contrast that
was reported in the original study is replicated in the
table.
Having considered possible reasons for the re-

duction in magnitude of the nutritional group's dif-
ferences at followup, one might consider the fact
that the group differences in WISC-R IQ scores
remain significant and stable despite inevitable re-
gression effects. Because the study design required
that supplement groups' differences counter the
regression effect, the fact that these differences are
nevertheless significant at followup suggests a sta-
ble, substantial correlate of early nutritional sup-
plementation.

It is probably important that this study, like some
other published studies (39,41,42), used a validated
ability test as a measure of cognitive outcome rather
than an early developmental test. As many authors
have observed (7,37,43-45), early developmental
measures of reflexes and sensorimotor alertness
that can be given to infants and children under 2
years of age assess completely different behavioral
factors than the measures of reasoning, abstraction,
and problem solving that can be assessed in older
children. Because these latter cognitive factors are
tapped by IQ and other ability tests, early develop-
mental tests correlate negligibly with IQ tests in
school years and not at all with traditional adoles-
cent and adult measures of ability (37,43-45). Be-
cause the outcome measures used in our study are
qualitatively different from early developmental

tests, comparisons with the many nutritional stud-
ies that used the latter measures must be made
with great caution, if at all. This report provides
additional support for the hypothesis that early nu-
tritional supplementation facilitates cognitive de-
velopment; the results are in concert with investiga-
tions (39,41,42) that used IQ or similar cognitive
outcomes rather than early measures of sen-
sorimotor development.

It has been posited that the critical variable was
the timing of the nutritional supplementation, which
coincided with the brain growth spurt for the early
supplement group. The two groups also differ, how-
ever, in duration of supplementation, with the early
group receiving supplements for an average of 22
months longer than the late group. Recent supple-
mentation studies with clinically malnourished
samples have suggested that duration of supple-
mentation, rather than timing, is the critical factor
related to cognitive performance. Waber and co-
workers (41) detected this duration effect with cog-
nitive measures. The association is statistically sig-
nificant overall for the serial assessments of their
supplemented groups, but appears to be strongest
for the second and third year appraisals, when
school-relevant complex cognitive skills begin to be
measurable. It is possible that the cognitive differ-
ences detected in the present study derive from
differences in supplement duration or timing or
both. Associated components of the WIC Pr6gram,
such as nutritional counseling and medical services,
may also contribute to relationships with cognitive
outcomes.
The association of preschool nutritional and med-

ical intervention with enhancements in performance
on standard ability measures should not be inter-
preted to discount the potential impact of social and
educational intervention. Zeskind and Ramey (39)
have reported that a supportive educational envi-
ronment in early childhood tends to ameliorate the
effects of poor early nutrition. Those children who
were adequately nourished, however, profited far
more from educational intervention than those with
a history of poor perinatal nutrition. The present
findings are compatible with those of Zeskind and
Ramey and underline the need for precise investiga-
tions linking nutritional services with social and
educational influences.
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