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Arx;‘umber of articles on the effects of vita-
in and mineral supplementation have
appeared throughout the literature (Benton
and Buts, 1990; Benton and Cook, 1991; Benton
and Roberts, 1988; Crombie et al, 1990b;
Schoenthaler et al.,, 1991a, 1991b). Recently, this
journal published a number of articles focusing
on the effects of supplements on a variety of
outcome measures. In reviewing these, several
issues have been raised that are not only rele-
vant to these articles, but may also reflect
methodologic issues common throughout the
field.

Analysis of vitamin and mineral supple-
mentation is different from many other areas
within complementary and alterative medi-
cine in that it lends itself naturally to study
using conventional Western research me-
thodologies. Conventional Western research
methodologies are not necessarily the most ap-
propriate ways to study a variety of medical
and psychological phenomena, but appear to
be well suited to this application. The authors
of the preceding articles in this issue of the jour-
nal (Schoenthaler et al.; Schoenthaler and Bier)
have based their investigation on a conven-
tional biomedical Western approach and have
incorporated some effective elements of these
research methodologies. Although their design
improves on earlier work in this topic, several
issues and concerns remain and need to be ad-
dressed in order to advance our understanding
of the effects of supplementation as well as to
support the conclusions drawn by these au-
thors.

First, these authors should be commended
for their clear devotion to this topic and their
efforts to increase knowledge in the field of nu-
trition. They continue to strive to improve their
own work as well as that of others. These arti-
cles review the limited literature in this specific
area, note strengths and weaknesses in design
and analysis, and present an improved study
designed to address these issues. The authors
attempt to clarify the knowledge in an area in
which diverse study designs have made defin-
itive conclusions elusive. These two articles
add to the literature by virtue of their research
design and detail in reporting. They have used
a sophisticated sampling procedure and analy-
sis in an attempt to control for the effect of pos-
sible extraneous variables on their outcome
measures. In particular, the application of a co-
variance analysis greatly improves on previous
work in this area.

Their randomized control procedure is fur-
ther enhanced by the addition of a blindedness
assessment; that is, they evaluated subjects’ rat-
ings of whether they were given active sup-
plements or placebos. This is especially impor-
tant where strong beliefs and expectations, by
both participants and researchers, exist. The
authors have also attempted to consider the va-
lidity of their assessment tools: the use of one
of the measurement instruments in a different
language is addressed in detail. And finally,
these articles demonstrate the importance of in-
cluding methodologic detail. Evaluation, inter-
pretation, and replication are difficult, if not
impossible, without specific details of the in-
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tervention. Fortunately, these authors have

nravided comnlata doserintinane of the camna-
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nents of the supplements used in their research,
which will facilitate its future replication.

Although these articles include aspects that
improve the quality of the research in this area,
they also demonstrate some of the problems in-
herent in research on supplements as well as in
research in general in complementary and al-
ternative medicine. The absence of a firm the-
oretic foundation, additional unelucidated
research design limitations, and possible over-
interpretation of results are all serious con-
cerns.

FOUNDATIONS

One of the significant flaws throughout the
literature about supplements is the lack of an
underlying theory. Although the authors of
these articles discuss some possible and plau-
sible suggestions, there is little discussion
about scientific support for these mechanisms.
The specific literature in supplements is limited
both in number of studies and number of in-
vestigators; however, the field would be
greatly enhanced by a thorough review and
analysis of related literature. For example, if
any increases in nonverbal intelligence re-
ported by children who were given supple-
ments are purported to be related to increased
blood flow to the brain, an analysis of the lit-
erature regarding other effects of blood flow to
the brain should be included. Theory based on
already documented science needs to drive the
design of the research: outcome measures
should be chosen based on scientifically based
theory. Review of the literature in other areas
may also drive the consideration of additional
interpretations of the results of the research.

RESEARCH DESIGN ISSUES

Interpretation of the literature on supple-
ments is complicated by the varieties of designs
used. Conflicting conclusions have been based
on research using different outcome measures,
different populations with a variety of diets,
and with varying interventions: the supple-
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ments themselves. The authors of the accom-
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these issues in their present work and have
been somewhat successful. However, several
serious issues remain in the design of these in-
vestigations.

SAMPLES

Many of the conclusions supporting the use
of supplements have been based on a limited
sample population. This issue is further com-
plicated by the use of the same research sam-
ple for several analyses and resultant articles.
There is a potential for misinterpretation when
more than one study relies on the same data
set. Furthermore, when the results from several
outcome measures drawn from one data set are
reported as different studies, there is an ap-
pearance of replication. This possibly illusory
replication is clearly not the same as indepen-
dent data sets from different samples confirm-
ing one another.

Further confusion may arise when indepen-
dently reporting several outcome measures
from the same sample: the reader is unlikely to
be aware of possible confounding relationships
among variables. It is possible that all the re-
ported outcomes may correlate with each other
and investigators may be measuring the same
underlying characteristic with each outcome.
Research based on a variety of samples and
populations would serve to enhance the knowl-
edge about supplements and strengthen the ap-
propriate conclusions of the data.

The issue of statistical power is important for
research in any topic, however, it is of particu-
lar importance in areas in which the literature
reports conflicting results and interpretation is
difficult. This is a serious concern throughout
the literature on nutritional supplements.
Without adequate sample sizes, conclusions
are in question and the state of the knowledge
is not adequately advanced.

MEASUREMENT INSTRUMENTS

Consistency and use of valid, reliable mea-
surement instruments are critical to the de-
velopment of a consensus across the literature.
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Throughout the literature on supplements,
outcomes have typically been assessed with
different instruments, making comparisons
and interpretation across the research partic-
ularly difficult. It is also critically important
that measurement tools be validated for what-
ever population is being sampled. For exam-
ple in the accompanying article, the authors
carefully discuss the issue of validation in
their use of an outcome measurement tool
in another language on a subpopulation.
Efforts such as this should be commended
and can serve as an example for addressing
the use of appropriate measurement instru-
ments.

Another issue related to the use of mea-
surement instruments is the importance of
theory-based choice of multiple outcomes.
Measurement tools of divergent factors are
particularly needed in this literature. For ex-
ample, some forms of intelligence are more
likely related to academic performance. Either
using instruments designed to evaluate these
independently or choosing the one tool that
best evaluates the most likely underlying
characteristic is preferable to measuring sev-
eral related concepts within the same sample.
It is conceivable that the majority of the liter-
ature on nutritional supplements is based on
improvement on one or two underlying com-
ponents that are related to several other out-
come measures now being assessed and re-
ported in the literature.

STANDARDIZATION OF
INTERVENTIONS

Itis particularly difficult to draw conclusions
from research literature based on a variety of
designs and sample populations. However,
this difficulty is further compounded by the
limited knowledge about the primary inter-
vention of interest: the supplements. Few stud-
ies list the actual ingredients and amounts, and
standardized supplements are not used across
studies. This not only affects interpretation of
results and comparisons across studies, but
compromises the development of the underly-
ing theory. A related issue, not uncommon in
other research areas, is the relationship be-
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tween the provider of such supplements and
the researchers. Although attempts to avoid
bias are incorporated in the research design, af-
filiations of the researchers and the source of
the supplements and funding should be dis-
closed in any research utilizing commercial
products.

APPROPRIATENESS OF CONCLUSIONS

These articles also demonstrate the need in
the field for exploration of alternative inter-
pretations and conclusions limited to the evi-
dence in the data. Some conclusions may be
based on clinically irrelevant differences or dif-
ferences that are within the standard deviations
for the measurement tools. Furthermore, con-
clusions should be guarded and alternative
interpretations presented. Research that other-
wise shows promising results may be dis-
missed due to exaggerated claims by investi-
gators and lack of attention to alternative
explanations.

In order to make a contribution to the liter-
ature, it is critical to discuss and interpret the
implication of all the results. Specific focus on
a limited number of results, often supporting
the hypotheses of the researchers, without at-
tention to other data serves to compromise the
potential influence of the results. For example,
research in supplements has reported both
positive gains and negative decrements in per-
formance by study samples given placebo.
Discussion in these studies focuses on the
gains in the treatment groups: those given ac-
tive supplements. Although the reported
gains in the treatment groups were greater
than those given placebos, the changes due to
placebo are still remarkable. Implications for
underling theory are also relevant. For in-
stance, while it is possible that nutritional sup-
plements are responsible for an increase in
positive outcome measures, it is also possible
that they are responsible for limiting an oth-
erwise occurring decrease in those measures.
These alternative interpretations give rise to
related issues: if one assumes that improved
nutrition increases positive outcomes, what
would the impact of fasting be on these out-
come measures?
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RECOMMENDATIONS

Evaluations of complex issues and interven-
tions often result in difficulty and confusion in
the interpretation and application of research
results (Crombie et al., 1990; Benton, 1990). The
importance of nutrition and the possible effects
of supplements on childhood development are
clearly issues of importance. Utilizing method-
ology pioneered in other areas of research
could possibly serve to enhance the knowledge
and push the science forward. Based on the in-
terpretation of the following articles, several
possible research designs may be suggested.
Stronger research methodologies are clearly
needed to evaluate the impact of nutritional
supplements on populations identified as both
most at risk and most likely to benefit from in-
tervention. In complex areas such as human de-
velopment, it is especially important to control
for as many factors as possible.

One suggested study design is to conduct a
large clinical study of a pre-post measurement
crossover design with the sample sizes based
on an appropriate power analysis. The study
sample would be drawn from those who are
identified as most at risk and most likely to
demonstrate any effects of supplementation. In
this case, as supported by the accompanying
papers, it is assumed that a subpopulation of
children, those who are nutritionally compro-
mised, would be the target population. Al-
though the present articles conclude that the
minor benefits from supplementation are actu-
ally due to large increases in this subpopula-
tion, this suggested design would provide
more compelling evidence of an effect on nu-
tritionally compromised children. This sample
of children should be evaluated prior to ad-
ministration of the supplements on a variety of
measures, including outcomes of immediate in-
terest such as academic performance and be-
havioral problems, as well as those that relate
to the constructs underlying performance such
intelligence, attention, mood (Benton and
Cook, 1990, 1991) and memory. Because re-
search has demonstrated conflicting results re-
garding gender differences in response to sup-
plementation (Benton and Roberts, 1988;
Benton and Buts, 1990), it is also essential to in-
clude enough subjects of each gender to make
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analyses meaningful. Although there are doc-
umented difficulties with such an approach
(Crombie et al., 1990a), attempts to measure as-
sociated activities such as diet diaries through
the study are also recommended. After ran-
domization to either supplement or placebo,
the measures would then be assessed again.

Given an adequate number of subjects, it
would be ideal to include a crossover compo-
nent to such a study: those receiving placebo
then receive active supplements and vice versa
so that every subject receives both interventions.
The use of a crossover design is well known in
pharmaceutical trials and could appropriately
be applied to the study of nutritional supple-
ments. The increased power of adding a within-
subject design component to a between-subject
design study is especially important when con-
ducting research to dlarify contradictory con-
clusions in the present literature.

Considering the potential results of such a
study and the results already demonstrated in
the literature, several new directions for re-
search on nutritional supplements arise. For ex-
ample, if supplements are shown to be effec-
tive in increasing several positive outcome
measures, are there individual elements re-
sponsible for these changes? Perhaps there is a
minimum number and combination of ele-
ments that are essential for certain changes.
Also, there is limited knowledge about the
length of time any positive responses last or
any interaction between the length of time sup-
plements are taken and their effects. And fi-
nally, investigations into any possible negative
effects of the use of supplements should also
be conducted. Although unlikely, it is possible
that supplementation could lead to negative ef-
fects such as parents paying less attention
to ensuring their children eat proper diets if
supplements are given. As in other areas of
medicine, assumptions about safety should be
explicitly thought through and based on docu-
mentation.
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