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ABSTRACT From 1969 to 1977 a supplementation
trial was conducted in Guatemala to ascertain the ef-
fects on physical and behavioral outcomes of improved
nutrition in pregnant women and in preschool children.
This paper reviews different strategies to analyze the
effect of the intervention on physical growth. One
strategy compares outcomes in two villages that were
randomly allocated to receive Atole, a supplement con-
taining high amounts of protein and energy, with values
in two other villages that received Fresco, a beverage
containing no protein and little energy. Both supple-
ments contained micronutrients. This comparison of
village means gives a probability significance statement
(P < 0.005) that the difference in growth was because
of the supplement intervention, although it does not
specify the aspect of the intervention that caused the
effect. Complementary strategies increase the credi-
bility that the effect of the supplement was nutritional.
Thus, analysis of the dose response with increasing
supplement intake within the villages excludes the
possibility that the above findings were the result of
knowing which villages received which supplement
(i.e., measuring biases). A greater effect in those most
likely to respond nutritionally also increases the cred-
ribility that the mechanism was nutritional. In studying
other behavioral and biomedical impacts of this sup-
plementation intervention, analyses for credibility
should always be included. J. Nutr. 125: 1042S-
1050S, 1995.
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midmorning and midafternoon, to any villager who
attended. Supplement consumption was recorded for
infants, children <7 y of age and pregnant and lactating
women. From 1969-1977, two of the villages received
a high-protein, high-energy supplement called *’Atole”
and the other two were given a no-protein, low-cnergy
supplement called ‘’Fresco.” The villages were paired
by size (i.e., large and small) and allocation within pairs
to the supplements was random. From 1971 to 1977,
the supplements had the same concentrations of spcc-
ified micronutrients.

Growth and behavior, the key outcomes in children,
were assessed periodically during the preschool period,
as were measurements of potential modifiers or con-
founders such as morbidity, home diet and sociocco-
nomic status. Maternal nutrition and health infor-
mation also was collected periodically during preg-
nancy and lactation.

This paper presents different approaches to the
analysis of the impact of supplementation on physical
growth. These approaches may be divided into those
that took advantage of the randomized design and

The study population, the experimental design and
the methods used in the INCAP longitudinal study
(1969-77) are described elsewhere {Martorell et al.
1995). In summary, two kinds of supplements were
distributed in a central refectory in four villages, in
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those that sought other ways to control for confound-
ing. The analyses selected as examples are tests of the
effect of the supplement type on growth in length by
three years of age, the effect of different amounts of
maternal supplementation during pregnancy on birth
weight and the effect of supplementation on improv-
ing weight in wasted children.

Except for the effect on growth presented in Table
1, all the findings discussed have been published else-
where and are appropriately cited.

Using the randomized design

The analysis. To take advantage of the random-
ized design, one must use village as the unit of analysis
because villages and not individuals were randomized.
Most publications describing differences in outcomes
between Atole and Fresco villages use the child or
mother as the unit of analysis. Thus, the error term
used to test these differences has many-fold more de-
grees of freedom and therefore will result in greater
statistical significance than in analyses using village
as the unit of analysis. These analyses do not give the
statistical significance relating the treatment to the dif-
ference and instead only provide the statistical signif-
icance that the difference is not due to chance. The
difference might be due to intrinsic village differences
and not due to the treatments themselves. For example,
the children of Espiritu Santo, the small Fresco village,
had smaller head circumferences than the children in
the other villages. When all the children from the
Fresco villages are compared with all the children in
the Atole villages, the systematically lower values of
Espiritu Santo cxaggerate the statistical significance of
the diffcrence between groups compared with using
village as the units of comparison.

Martorell ct al. (1982) developed an approach using
the consistency of the response to supplementation
across the two village sizes and two genders, (i.e., four
sex-sizc groups for each trcatment). This paper showed
that the lengths of 3-y olds who had lived in Fresco
villages thcir entire lives after the supplementation
program began did not differ significantly (P = 0.05)
in any of the four sex-village size groups compared
with 3-y-old children mcasured before the study in
the same groups. The range of change was —0.7 cm to
1.1 cm with a mean of 0.45 cm. In contrast, the change
in the Atole villages relative to baseline values was
statistically significant for all four sex-size groups (P
<0.05). The range of this secular change was 2.5-3.6
cm with a mean of 2.90 cm. Of course, the statistical
probability of the change within each of the Atole sex-
village size groups is not the probability that this was
caused by Atole. However, the consistcncy of the
changes across the Atole groups compared with the
negligible changes observed in the Fresco groups over
time makes the inference that the Atole improved
growth credible.
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TABLE 1

Length! of 3-y-old children before and after supplementation
by village size and type of supplement

Large villages Small villages

Atole Fresco Atole Fresco
After® 86.70 84.00 85.95 84.35
Beforc? 83.45 83.30 83.40 84.15
Change 3.25 0.70 2.55 0.20
Difference in change 2.55 2.35

Overall difference in change: mean = 2.45 + 0.10, t-test = 24.50,
P < 0.005 (Two-tailed probability; df = 2.

1 Mcans of scx-specific data calculated from Table 3 in Martorell
ct al. (1982).

2 Born between 1969 and 1973.

3 Mcasured in 1968

A more rigorous statistical test can be made of the
above-mentioned changes in Atole (A) and Fresco (F)
villages by using village as the unit of analysis (Table
1). This analysis is true to the randomized design and
deals with potential intrinsic differences between'vil-
lages within each pair of similar sized villages by in-
corporating them into the statistical probability state-
ment.

According to this analysis, the difference in net
change (Atolc minus Fresco) in the large villages was
2.55 cm and in the small villages it was 2.35 cm {Table
1). The mean of these differences is 2.45 + 0.10 cm
[mean # sD). Even though the standard deviation only
has 2 deg of frecdom, the t-test is 24.5 with a two-
tailed probability of P < 0.005. It is well known that
the probability statement, P < 0.005, mcans that there
is only one chance in a thousand that this difference
could be due to chance. What is less well understood
is that such a probability statement, except in a ran-
domizcd design, does not exclude the likelihood, often
strong, that the diffcrence is due to something other
than the intervention. Only a randomized design in-.
corporates the potential effects of confounding factors
into the probability statement. Thus, one can infer,
with very little chance of being wrong (P < 0.005),
that the difference in growth between Atole and Fresco
villages was due to difference in the interventions and
not to chance or to confounding.

The probability of the t-test shown above is for a
two-tailed test. However, there is such a clcar expec-
tation that the effect of Atole will be beneficial com-
pared with Fresco that it may be more appropriate to
use a one-tailed test. In this case, P would be <0.0025.

Potential biases. It is gcnerally well understood
that the statistical significance of the-above impact-
cannot be due to initial village differences because
these are included in the error term of the test statistic.
Similarly, differential changes that occurred among the



1044S

villages during the period of supplementation also are
included in the error term so long as these are not
associated with the supplementation.

Also, the effect of the intervention on growth cannot
be explained by self-selection to ingest the supplement.
A repeated criticism of the study is that children who
came for supplementation may have had parents who
were more concerned about child health and nutrition
and thus, would have grown and performed better
anyway. However, this self-selection hypothesis also
would predict that the village mean growth would re-
main unchanged. This, as seen above, was not the case.
Therefore, these and similar factors associated with
ingestion of supplementation within a village could
not affect the comparison across Atole and Fresco
groups as presented above. Even differential self-
selection where, for instance, the better off children
in the Atole villages and the worst off children in the
Fresco villages ingested the supplement, would not
bias the results in Table 1. Thus, self-selection for
ingestion of the supplement within the villages cannot
introduce, by itself, biases into the analyses performed
appropriately for the randomized design.

The causal statistical significance for an effect of
the intervention is impressive, both in its statistical
significance and in its exclusion of other factors related
to the villages and to those who ingested the supple-
ment. It is important, however, to remember that it
does not specify what aspect of the intervention is re-
sponsible for the effect. Anything done in the villages
that was associated with the supplement could have
caused the effect seen. This is why care was taken to
spread the INCAP presence equally across the villages
through designing and implementing all interventions
similarly in all villages, and through rotation of all
personnel (Martorell et al. 1995).

One effect associated with supplementation across
villages that could not be excluded is the effect of
knowing the kind of supplementation a village re-
ceived. The villagers were, for all practical purposes,
‘blinded’’ to this fact because of the distances and the
lack of communication among the villages. However,
the measurers could not be “blinded”’. All field work-
ers knew that both supplements were good for mothers
and children, so one might expect them not to have
been biased. Nevertheless, this possibility must be ex-
cluded as described below when discussing the dose
rcsponse to supplementation.

Another measurement effect that could be asso-
ciated with supplementation across villages is differ-
ential participation in the measurement of outcomes.
This could happen, for instance, if better off and worse
off participants to Atole and Fresco, respectively, came
to be measured. This has been investigated and no ev-
idence of this kind of bias has been found, but this
must be kept in mind and verified in each analysis.

Another way that other interventions could have
been associated with ingestion of the supplements is
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if attendance rates were different between Atole and
Fresco villages. This is, indeed, the case. Attendance
rates were much higher from birth to 3 y in Atole than
in Fresco villages {Schroeder et al. 1992). As noted
above, this presents no problem if this was because of
self- selection within a village. However, differential
attendance can result in differential exposure to pro-
grammatic influences other than the supplements. For
instance, it could have been that those who came to
the feeding centers also received better medical care
because the clinic and the feeding centers were in the
same building. Or, maybe, the socialization experi-
enced in the feeding centers fostered better scores in
the behavioral tests. Fortunately, these influences due
to differential attendance rates can be taken into ac-
count because, in this data set, it is possible to differ-
entiate between nutritional ingestion from the sup-
plements and differential attendance rates. All analyses
carried out to date on various outcomes indicate
ingestion remains significant after controlling for at-
tendance (see below).

Summary. The randomized design permits a
strong inference (P < 0.005) that the intervention
caused improvements in the outcomes. The compo-
nent of the intervention that caused the impact must
be elucidated by other analyses.

Dose response to supplementation

The analysis. One component of the intervention
is, for instance, the knowledge gained by the measurers
about the kind of supplement each village received.
As discussed above, this could have biased the mea-
surers. A dose-response analysis can be used to exclude
the possibility because even though the measurers
knew which villages received which supplement they
did not know how much supplement each villager in-
gested. Therefore, any relationship between the
amount of supplement (dose) and growth (response)
could not be due to measuring biases. All the behav-
ioral and most of the biomedical outcomes published
to date have been examined by this method.

One reason for this approach is that sometimes vil-
lage level analyses cannot identify a statistically sig-
nificant impact of supplementation, even though it is
present. This may be because of lack of statistical
power because there were only two villages in each
treatment. Had there been four villages per treatment,
the t-test values would in all likelihood have been
doubled with a large improvement in significance
probabilities. There is no single appropriate number
of replicates (villages) within a treatment. Instead, the
number of replicates depends upon power analyses
(Cohen 1988) of two-stage sampling designs (Snedecor
and Cochran 1980) for cach outcome of concern. Nev-
ertheless, it is obvious that analyses of some outcomes
will have less power than has growth because they are
less reliably measured and because they are affected
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to a greater extent by nonnutritional factors than is
the case for growth.

Power also may be reduced if baseline values dif-
fered by supplement type, as was the case for length
in the small village (Table 1), and these data were not
available or taken into account. In that casc, the impact
of Atole relative to Fresco would be obscured. If one
does not correct length after supplementation (Table
1) by the bascline data before supplementation, the
difference between Atole and Fresco villages at the end
of the study would be 2.15 + 0.78 cm with a t-test of
only 3.91 with 2 deg of freedom and a two-tailed
probability of only P < 0.10. This compares to the
much greater statistical significance of P < 0.005 when
the baseline data are taken into account.

Another and unexpected obstacle to using the ran-
domized design analyses occurred when it was found
that mothers in Atole and Fresco villages consumed
similar mean amounts of energy despite the much
greater energy density of the Atole. The greater volume
consumption of supplement in Fresco villages was un-
expected. At the time the study was designed, birth
weight was expected to respond to maternal protein
supplemcntation. But what if birth weight responded
to encrgy supplecmentation instcad? Mcan cnergy in-
takes in Atole and Fresco villages were so similar that
differcnces in birth wecight betwcen supplecment
types would not be expected and indeed, nonc was
found. A further complication is that bascline data on
birth weight were not collected precluding analyses
according to the randomized design. However, dosc-
responsc analyses revealed a 29-g increment in birth
wcight for every 10,000 kcal (41,840 kJ) of supplement
ingested during pregnancy (Lechtig et al. 1975a). This
birth weight increment was similar for women living
in Atolc (23 g/10,000 kcal or 41,840 kJ) and Fresco
(30 g/10,000 kcal or 41,840 k]J) villages cven though
there was no protein in the Fresco. This corresponded
to the lower end of the range (25-84 g of birth weight
per 10,000 kcal or 41,840 kJ) expected from factorial
calculations of the anticipated response (Lechtig et al.
1975b). As discussed below, the actual dose response
is higher after controlling for data rcliability. The con-
gruence betwecn the finding and its theorctical expec-
tation is important in deciding the credibility of the
inference that energy from the supplement affected
birth weight.

Potential biases. Dose-response analyscs are
amenable to statistical significance testing. However,
in contrast to analyses appropriate for the randomized
trcatment design, the statistical significance does not
relate to the causality of the association, only to the
evidence for an association between supplement and
the outcome of interest. Unmeasured or poorly mea-
sured confounding still remains a possible explanation
for the findings. However, if due attention is paid to
critical issucs, it is still possible to crcdibly infer
causality.

10458

For cxamplc, mothers with short durations of preg-
nancy had less time to partake of the supplements and
consumed less than other mothers. They also bore
smaller children because of shorter gestational ages.
Thercforc, the association between gestational age and
supplcment intake could explain the dosc responsc
between birth weight and supplementation. Also, at-
tendance to the fceding centers was voluntary, as was
consumption. Thosc who came to the centers differcd
in many characteristics from those who did not and
these differences may account for the variation in birth
weight (Johnson 1988). However, when these con-
founding measurcs and gestational age were included
in multivariate analysis, the dose response between
birth weight and supplcmentation was not reduced
(Lechtig et al. 1975a). The dose response actually
tended to incrcase indicating that those who would
otherwise have borne smaller babies tended to-ingest
more energy from the supplement and subsequently
had larger babies. Thus, the inference that the incrcase
in birth wcight was due to the supplementation was
strengthened. Multivariate analyses of this type are
the conventional means of demonstrating that a re-
lationship is not duc to confounding factors {Snedccor
and Cochran 1980). Almost all evidence of economic
impact (Judge et al. 1980, and most of the evidence
about public health impact, come from these kinds of
analyscs.

However, it may have been that factors associated
with both supplementation and growth were inaccu-
ratcly and unrcliably mcasurcd (Habicht ct al. 1979)
or not measurcd at all. Thercfore, controlling statis-
tically for confounding is always open to question
(Kupper 1984), unless the factors controlled for arc
perfectly measured and arc a complete proxy for all
confounding variablcs.

It is most likcly that attendance to the supplemen-
tation centers, or that amount of supplement ingested,
is more dircctly related to potential confounders than
is nutrient ingestion from the supplement, and, equally
important, that all confounding associated with nu-
trient ingestion is mecdiated through attcndance or
amount ingested. If this is so, attendance and amount
ingestcd are complete proxies for confounding related
to nutrient ingestion. Both of thesc variables are al-
most perfectly measured. If these proxies are statis-
tically controlled for in the analyses, and the nutrient
ingestion continues to be associated with the outcome,
one can be reasonably sure that this is not because of
some confounding associated with self-sclcction for
supplementation. Fortunately, this is the case for sup-
plementation during pregnancy and birth weight. The
association between birth weight and energy remains
statistically significant even when attendance or
amount ingested is controlled for, while the converse
is not true; the association of amount ingested or of
attendance is not statistically significant when cnergy
is controlled for.
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There is one situation in which the above analysis
is not completely convincing: if the correlates of
ingestion differ between Atole and Fresco villages.
This is because there is no power to differentiate be-
tween attendance or amount ingested from nutrients
ingested within a treatment group; there is too much
colinearity. The power comes from comparing women
with identical nutrient intake, but different volumetric
intakes (and vice versa), across the treatments. In
pregnant women, no such difference in correlates is
seen (Johnson 1988).

The above differentiation between nutritional im-
pact and confounding associated with amount ingested
is not possible for the micronutrients added to the
supplements. They were added in equal concentrations
to both Atole and Fresco. Therefore, it is more difficult
to exclude the possibility that a dose response to the
micronutrients is due to the effect of socialization in
the supplementation centers or to self-selection rather
than to any nutritional effect. For birth weight and
growth, this is not an issue because no dose response
with these micronutrients was observed once energy
was taken into account.

There is another, quite different way to control for
confounding that does not rely on statistical control
of differences among women. Constant differences
among mothers were controlled for by relating differ-
ences in birth weight to differences in supplement in-
take across consecutive pregnancies (Lechtig et al.
1975a). This excludes all unvarying characteristics of
the mother as a source of confounding (e.g., early
childhood nutritional history, genetics, etc.), although
it does not exclude factors that may change across
pregnancies.

Summary. The above dose-response analyses de-
pend upon demonstration of a statistical association
between supplement intake and the outcome of in-
terest. This association could be causal, but it also
could be because of other factors, maybe unknown or
poorly measured.

Credibility that the association is causal depends,
therefore, on a constellation of findings and other ev-
idence from the literature supporting the causal in-
ference, and rejecting other explanations. Credibility
is ultimately a qualitative judgement call in contrast
to the quantitative assignment of probability that the
randomized design permits.

Combining randomized and dose-response
analyses

Rationale. Dose-response analyses are useful for
revealing the underlying patterns relating supplemen-
tation to the outcomes. They also permit analyses that
test alternative hypotheses about the cause of the re-
lationship and that take these confounding factors into
account. Finally, as discussed below, they permit cs-
timates of the dose response and corrections for those
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estimates. The statistical significance tests, however,
only relate to the associations and not to the causality
of the relationships. Inferences must therefore depend
on how effectively one has dealt with confounding
factors.

The importance of the statistical significance of a
causal relationship between supplementation and
outcome was emphasized earlier in analyses based on
the randomized design. Analyses that combine both
dose response and randomized approaches are more
persuasive than either alone. Of course, this can only
be done for outcomes that can be analyzed on the basis
of the randomized design. Finally, credibility is further
increased if the pattern of dose response across dif-
ferent kinds of children is as expected. Such analyses
have been done (Rivera et al. 1991) to assess the impact
of the Atole on the recovery from moderate wasting
[<90% weight-for-length according to WHO's refer-
ence data {1983)] in children 6-24 mo old. Recovery
is defined as recuperation of weight to >90% weight-
for-length after 3 mo.

Analysis according to randomized design. The
apparent recovery rate from moderate wasting was
50% in the Atole villages and 38% in the Fresco vil-
lages (Table 2). According to the randomized design
analysis the statistical significance of the difference
was P = 0.07 (two-tailed test) or P = 0.035 (one-tailed
test). This statistical significance relates to the causal
relationship between the intervention and the recovery
rates. It fully takes into account the effects due to
nonintervention factors that may cluster within a
village.

Dose-response analysis. For these analyses high
Atole ingestors were compared with high Fresco and
low Atole and Fresco ingestors [Rivera 1988; Rivera
et al. 1991). High Atole ingestion was defined as an
ingestion of >10% of the recommended dietary intake
of energy (RDI} from the supplement. Forty-five per-
cent of the wasted children in Atole villages were high
ingestors, and 55% were low ingestors. High and low
Fresco ingestors were defined as being, respectively,
above and below the 55th percentile of Fresco volume
ingested. For these analyses, those with high Atole

TARBLE 2

Recovery rates from moderate wasting (<90% weight-for-
length) 3 mo after the diagnosis in children 6-24 mo in age

Recovery rates

Means of
Supplement type By village two villages
Atole 0.49, 0.52 0.50
Fresco 0.42, 0.35 0.38
Supplement effect {Atole-Fresco) 0.12!

' P = 0.035, one-tailed t-test; P = 0.07, two-tailed t-test.
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ingestion were compared with those with high Fresco
and with low Atole and Fresco ingestion. Of those high
ingestors in the Atole villages, 59% recovered while
only 44% of low ingestors rccovered. Among those in
the Fresco villages with high and low ingestion, only
41% and 36% rccovered, respectively. The difference
between 59% and cach of the three other rates of re-
covery was statistically significant (P < 0.05; two-tailed
test). Nonc of the three other rates were statistically
different one from the other, as expected becausc none
of these three groups received cnough nutritional sup-
plementation for onc to expect an impact.

There is cvidence of true supplementation. The high
Atole ingestors consumed larger amounts of supple-
ment {17.3% of RDI) than did the high Fresco ingestors
(2.5% of RDI} whereas the home dietary intakes did
not differ between the two groups (61.4 and 63.5%
RDI, respectively].

Examination for potential confounding factors
(parcnts’ education and height, maternal modernity
and parity, household size and sanitation, child birth
weight, brecastfeeding, home diet and illnesses) re-
vealed that high ingestors in the Atole and Fresco vil-
lages were more similar to cach other than to low
ingestors.

Only three measures were different between high
ingcstors in Atole and Fresco villages. These were pro-
portion of time ill with respiratory symptoms, birth-
weight and duration of breast fceding. The first two
were higher in the Atole villages and the third was
lowcr. When these were taken into account in the
abovc comparison between high Atole and high Fresco
ingestors, the difference in recovery rates rose from
18 to 20% with a corresponding risc in statistical sig-
nificancc. Thus, these potential confounders were not
the causc of the association between Atole and recov-
ery from wasting.

As discussed previously, another potential bias is
the mcasurer’s knowledge about which village received
which supplement. For cxample, an anthropometrist
might unconsciously increasc all the measurcments in
the Atolc villages. The result would be a difference
betwecen Atole and Fresco villages that is ““due’’ to the
intervention, but that is not nutritional. However, the
anthropomctrist did not know levels of ingestion
within a village and biases on the part of the measurer
cannot explain the dose response. Furthermore, the
dose response within the Atole and Fresco groups fully
explains the difference between the Atole and Fresco
villages found according to the randomized design.
Thus, the difference in recovery from wasting between
Atole and Fresco villages revealed by the analysis ac-
cording to the randomized design was certainly not
due to measurer bias. Only adding the analysis for dose
response to that of the analyses based on the random-
ized design can exclude this kind of bias.

Credibility for a nutritional impact of the Atole is
further improved if onc has evidence that malnutrition
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is prcvalent. In fact, some children with low weight-
for-height are thin but not malnourished. When the
proportion of these thin nonmalnourished children in
the study villages is subtracted (i.e., that proportion
found below the criterion in the reference population
uscd) from the denominators of the recovery rates
from wasting, all the malnourished children who were
good attenders in the Atole villages recovered. This
represented a range in the absolute increase of recovery
ratc of 29-52% in the Atole villages, morc than in the
Fresco villages, rather than the 18% found in the un-
corrccted analyses.

Credibility for a nutritional impact is also improved
if those children respond most whom one would ex-
pect to do so on the basis of knowledge about mal-
nutrition. The sample sizes are too small to use the
randomized design for subgroups of children to in-
vestigate this issue. However, introducing the appro-
priate interactions with supplementation into dose-
response equations permitted the demonstration that
more wasted children, younger children, children who
had. diarrhea and those who were supplemented for
longer periods responded most to the Atole compared
with those who received the Fresco (Rivera 1988).
These results all correspond to long held expectations,
except for the finding in children with diarrhea. The
diarrheal findings corrcspond to new knowlcdge that
the better the nutrition the less diarrhea affects growth
(Lutter ct al. 1992). In conclusion, all the results from
the dosc-responsc analyscs give credible evidence of
an effect of supplementation on rccovery from mal-
nutrition.

Combined analyses. Combining the dose-response
analyses with the results of the randomized design
climinatcs the possibility that the results about growth
could have been duc to measurer bias or to self-sclec-
tion for the supplement. The dose-response analyses
also contribute importantly to the inference that the
impact of the intervention is not only causal but is
also nutritional.

Differentiating among the contributions of
energy and other nutrients

Some analysts have attempted to separate the spe-
cific contributions of energy from those of protein and
other nutrients in the supplements.

Pregnant women. This has been done most suc-
cessfully in pregnant women who ingested similar
quantities of energy from the Atole and the Fresco by
ingesting much greater quantitics of the latter. The
dose-response on energy was the same in both the
Atole and Fresco groups. This would not have been
the case if protein or other nutrients present in Atole
but not in Fresco (e.g., calcium, phosphorous) had been
limiting in which case the dose response of birth
weight to energy would have been higher (steeper
slope) in the Atole group. Nor would it have been the



1048S

case if micronutrients added to the supplements had
been limiting. These measured micronutrients (Table
2 in Martorell et al. 1995) were added in equivalent
concentrations per volume to both supplements in
1971. Therefore, the dose-response would have been
higher in the Fresco group if the measured micronu-
trients had been limiting because the micronutrient
to energy concentration was higher in the Fresco
group. Furthermore, there would have been no dose
response in the Fresco group previous to 1971. This
indicates that neither protein nor the other nutrients
were limiting factors for fetal growth in the home diets
of these mothers, but total energy was.

As discussed previously, the same conclusion results
from step-wise multiple-regression analysis that re-
veals that energy is still statistically associated with
birth weight, even-when protein and the other mea-
sured.nutrients are taken into account, whereas the
converse is not true. Protein and the other nutrients
are not statistically associated with birth weight when
energy is taken into account. The above inference that
energy is more deficient than protein in these diets is
borne out by direct examination of the home diets.
The mean of the home diet intakes for utilizable pro-
tein was slightly above the recommended daily allow-
ances (7.4%) in contrast to thc mean energy intake
which was 39% less than the recommended daily in-
take (Lechtig et al. 1975b). Although the reliability of
the individual measurcs of home dict is poor, that of
the means is good (Habicht and Martorell 1992). Given
this fact, plus some assumptions about the distribution
of intakes around these means and about the dietary
requirements, and above all, given the results about
the relative effects of supplemental energy and protein,
we conclude that energy was likely to be much more
limiting than protein for these women.

Children. In children there was much less overlap
between Atoleand Fresco groups in energy supplement
consumption (Schroeder et al. 1992). Atole children
consumed much greater amounts of energy in the first
three years of life. Analyses in Fresco children found
similar or larger growth responses to energy intake
than in Atole children, resulting in the conclusion that
energy and not protein was limiting (Yarbrough et al.
1978). However, the results do not exclude the pos-
sibility that energy is limiting at lower levels of sup-
plement intake as seen in the Fresco villages, but that
protein may be limiting at higher levels of intake as
seen in the Atole group.

The difference in slopes could not be because of a
protein effect at lower levels of supplementation. They
might be duc to the flattening of the dose-response
curve (Yarbrough ct al. 1978) as energy intake ap-
proached adequacy. The higher response in Fresco also
could be interpreted as evidence that another nutrient
was limiting because their concentrations in relation
to energy were much greater in the Fresco compared
with the Atole.
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In conclusion, none of these competing hypotheses
have found resolution to date, possibly because reso-
lution may not be possible in this data set. This lack
of clarity about the exact nutrients that were respon-
sible for the supplements’ impact does not affect in
any way the inference about a causal effect of the sup-
plementation program on child growth to 3 y of age.

One claim that the effect of the supplement on
growth was solely due to protein in the supplement
(Balderston et al. 1981) is based on incorrect interpre-
tations, as discussed below, from analyses using the
home diet.

Taking home diet into account in dose-re-
sponse analyses. The objective of the INCAP lon-
gitudinal study was to improve nutrition. It is there-
fore important to know whether the energy and nu-
trients from the supplements were supplemental or
simply displaced home diet consumption. A direct ap-
proach would appear to be the use of total dietary in-
take (home diet + supplement} in the analyses. Alter-
natively, home diet and supplementation may be used
as separate variables in a2 multivariate equation ex-
plaining the outcome. Both approaches would capture
the net improvement in energy or nutrient intakes
when comparing children from Atole and Fresco vil-
lages. Unfortunately, the low reliability of the home
diet data usually precludes finding associations be-
tween the home diet and the outcomes. For example,
Schroeder et al. {1995) found home dict energy to be
much less related to growth increments than supple-
ment energy. Rivera et al. (1995) increased the reli-
ability of home diet energy by combining as many as
eight separate surveys per subject and by creating a
dummy variable, above or below the median; even
though the diet variable was statistically significant
and in the expected direction, analyses showed its in-
clusion in the model did not affect the regression coef-
ficient for supplement. This indicates that the range
in energy and protein intake from the home diets is
too small to be important in the analyses. For this rea-
son, home diet is also usually a de facto constant when
included in analyses involving supplement because of
the imprecision of its regression coefficients with the
outcomes. Nonetheless, some analyses (Rivera et al.
1995, Schroeder et al. 1995) include home diet to in-
crease persuasivencss as many readers would be trou-
bled by the omission of this variable.

Inappropriate inclusion of home dict in the analyscs
and poor interpretation of the results can lead to false
inferences as exemplified by the analyses that led to
the claim that it was protein and not energy supple-
mentation that produced better growth in children
consuming Atole (Balderston ct al. 1981). This claim
was made on the basis of two findings: The first was:
*The large effect [on growth] of increments of Atole
supplementation for children eating the same home
diet—contrasted with the small effect of increment in
home diet for children consuming the same amount
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of supplement—is not consistent with the hypothesis
that the total encrgy valuc of the supplement is what
accounts for the gains of children in Atole villages”
(1981:59). In fact, this contrast was cven stronger for
protein (not reported) and was solcly because of the
poorer rcliability of home dict compared with that of
supplement intake. When the independent variable is
very poorly measured, the cstimates of magnitude
(regression cocfficicnts) are biased so they approximate
0 (Habicht ct al. 1979). The correlation cocfficients
arc also small, but this does not depend upon whether
or not home dict is an independent or dependent vari-
able.

The second finding in Balderston et al. {1981) was
that in multiple regression analysis of the total diet
[i.c., sum of home diet and supplement) there was a
strong association between total protein ingestion and
growth and none between total calorie ingestion and
growth. This was entirely because of the fact that the
Atole had a greater impact on total protcin intake (on
the average 35%) than on total encrgy intake [on the
average 17%; estimates from Martorell et al. 1982 and
from WHO 1985). As noted above, the variability in
supplement ingestion is much better correlated with
growth than is variability in home diet because of
home diet’s poor reliability. Therefore, for cqual vari-
ability of supplement intake, supplemental nutricnts
that contribute a greater proportion of total dietary
intakes will be more highly correlated with growth.
This is particularly the casc in children under 3 y of
agc becausc cnergy and protein intakes from the sup-
plements arc highly corrclated with cach other; cnergy
ingestion from the Fresco was very low in relationship
to Atolc.

Homec dict data arc important, howcver, in inves-
tigating the degree to which the supplement replaced
rather than supplemented the home diet. One cannot
cstimatc the amount of supplecment uscd to replace
the dict at diffcrent levels of dict because this requires
using the total dict as thc independent variable. On
the other hand, the estimates of amount of home diet
replaced by the supplement at different levels of sup-
plementation can be estimatcd without bias because
in this analysis supplemcntation is the independent
variable and it is mcasurced almost perfectly. The es-
timated level of replacement for supplemental energy
was 22% for pregnant mothers (calculation from Table
V in Lechtig ct al. 1975a), but negligible for children
(Martorell et al. 1982).

These figures give the apparent proportion of sup-
plement that substitutes for the dict. It might be that
high ingestors of supplement would not have had
enough food at home to bring their home diets to the
same levels of intake as low ingestors, even if they had
not consumed the supplement. This is indced likely
becausc high-cnergy ingestion from the supplement is
related to lower socioeconomic status {Johnson 1988,
Schrocder ct al. 1992).

10498

These magnitudes still will be somewhat undercs-
timatcd because the outcomes are affected by varia-
tions in nutrition, not becausc of the supplement. The
most important variation is home dict. This variation
reduces the power to find associations between mea-
surcs of supplementation and outcomes so that both
the statistical significance and the regression cocffi-
cients rclating a nutritional component of the supple-
ment to the outcome understate this nutritional re-
lationship (Habicht ct al. 1979). In principle, this effect
of home dict is no different from the influence of other
factors that affect an outcome and that are randomly
distributed across different levels of supplementation.
The omission of home diet from the analysis of the
impact of supplcment on outcome measures is no dif-
ferent from the omission of other variables that affect
growth but that are not rclated to the supplement, if
onc has taken the confounding because of home diet
into account. Such omissions are inevitable. The con-
founding becausc of home dict is dealt with by cor-
recting for the apparent substitution of supplement
for home diet. For instance, the magnitude of the effect
of supplecment on birth weight is ~20% higher than
the figurcs published when this correction is made.
This mecans that the response of birth weight to actual
cnergy supplementation is ~35 g per 10,000 kcal
(41,840 kJ).

Conclusions

This paper prescnts the statistical significance of
causality for an cffcct of the supplementation of the
growth of 3-y-old children. It presents credible evi-
dence for an cffect of the supplement during pregnancy
on the birth weight of infants. Finally, it prcsents cv-
idence and the significance of causality for the effect
of thc supplement on the recupcration of malnour-
ished children. The combination of the probability
tests for causality with tests of association for credi-
bility is nccessary to make the most persuasive argu-
ment that the supplement had a nutritional effect on
the outcome of concern. Credibility analyses are al-
ways possiblc and should always be done. Where the
probability analysis for causality cannot be done, more
analyscs for credibility are nccessary.
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