
ABSTRACT In addressing questions about the relations of
dietary factors to disease in human populations, epidemiologic
studies must account for the complexity of dietary habits, the
intercorrelations among dietary habits, and the correlations of those
habits with other behaviors. Furthermore, for studies of chronic
disease, relevant dietary exposures may occur over decades. The
classic epidemiologic study designs have been used to examine the
associations between diet and disease; the strengths and weaknesses
of those designs must be considered. Concerns have been raised
regarding the validity of the measures of diet, the differential recall
of diet by diseased individuals in case-control studies, and
confounding by other related factors in both case-control and cohort
studies. In clinical trials there may be difficulties in effecting the
necessary dietary changes, especially for macronutrients, and there
are also concerns about those circumstances in which participants
cannot be blinded to their treatment. For case-control and cohort
studies and for some clinical trials, intercorrelations among
nutrients are a concern in the identification of factors that are
important in the etiology of disease. It is important to understand
these considerations when interpreting nutritional epidemiologic
studies for the purpose of setting public policy. No one study can be
considered definitive in the understanding of a diet–disease relation.
However, epidemiologic findings from multiple studies taken
together can contribute significantly to our understanding of diet in
relation to disease in humans. Am J Clin Nutr 1999;69(suppl):
1315S–21S.
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INTRODUCTION

Epidemiologic studies address the important but tangled ques-
tions concerned with identifying the factors that lead to disease
in human populations. In nutritional epidemiology the focus is
on dietary factors related to disease while taking into account
other, nondietary factors. Such studies must account for the com-
plexity of dietary habits (1, 2), the intercorrelations among
dietary factors (3–5), and the correlations between dietary habits
and other behaviors that have health consequences (6–10). In the
study of chronic diseases, these analyses may need to evaluate
exposures spanning decades or even the entire lifetimes of the

individuals under study (2, 11, 12). The classic epidemiologic
study designs, namely ecologic, case-control, cohort, and clini-
cal trials, have been used to examine the relations of dietary
practices to health and disease. These study designs and their
strengths and weaknesses are described briefly in this article. A
more complete, general discussion of these study designs can be
found elsewhere (13, 14). An understanding of the strengths and
weaknesses of epidemiologic studies, and of studies about diet in
particular, is essential for their interpretation for the purposes of
setting public policy.

EPIDEMIOLOGIC STUDY DESIGNS

The study designs used in nutritional epidemiology include
ecologic studies, which investigate diet and disease at the popu-
lation level, and several study designs (cross-sectional, case-con-
trol, cohort, and clinical trial) that address such questions at the
level of the individual. In ecologic studies the unit of study is a
population, which is usually defined by geography; in each pop-
ulation a measure of disease frequency is correlated with a meas-
ure of nutrient exposure. Such correlations are particularly use-
ful in the generation of hypotheses about dietary factors that may
be associated with variations in disease rates. Ecologic studies
often have limitations because the measures of dietary exposure
are frequently made for other purposes (eg, food disappearance
data collected for economic purposes) and therefore are not nec-
essarily in a form that accurately describes population exposure.
More importantly, results from ecologic studies are inherently
restricted to an evaluation at the population level and do not pro-
vide evidence about whether the individuals in the population
who get the disease under study are those who experienced the
exposure being measured in the population. Furthermore, in such
studies it is difficult to account for other factors correlated with
the exposure of interest, which may account for variation among
study units in the observed rate of disease.

The epidemiologic study designs that address the relations
between dietary exposures and disease risk at the individual level
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are the cross-sectional study, case-control study, cohort study, and
clinical trial. For all of these, there are issues regarding the accu-
rate measurement of dietary exposure, which are addressed in
detail in other articles in this supplement. In all but clinical trials,
there are also issues regarding the extent to which a study is able
to account for confounding factors (factors correlated with both
the exposure of interest and the disease outcome). Confounding is
a concern when the confounding factor is unmeasured, measured
with error, or so closely correlated with the dietary exposure of
interest that the dietary factor and the correlated factor cannot be
distinguished. Another issue is effect modification, any third fac-
tor that alters the association between exposure and disease. Of
particular interest in this regard is effect modification by genetic
factors, which may cause interindividual differences in the effect
of an exposure on disease risk. A lack of knowledge about such
factors may result in an effect of importance in a subgroup being
masked in that group or, alternatively, an assumption that exposure
is related to risk in the entire population when the effect is actually
limited to a subgroup. An understanding of such variation in
response to exposures may help explain inconsistencies among the
findings of different studies that are related to differences in the
distribution of genetic factors in the study samples. Recently
there has been a proliferation of information on biologic variabil-
ity related to genetics. These issues can be addressed by classical
epidemiologic methodologies with information regarding the
appropriate factors to be considered and a sufficient sample size.

Cross-sectional studies

In cross-sectional studies, exposure and disease are assessed
concurrently in individuals selected from a defined population.
Such studies frequently include a biologic measurement of dis-
ease or of nutrient exposure. An example is the work that corre-
lated calcium intake with blood pressure measurements in healthy
populations (15). Cross-sectional studies provide information
about disease prevalence and factors associated with that preva-
lence. Information is collected about dietary exposures for indi-
viduals so that in cross-sectional studies, unlike ecologic studies,
it is known whether the individuals with the disease are those
with the exposure. For example, the calcium and blood pressure
data indicated whether the individuals with higher blood pres-
sure were those with lower intakes of calcium. The most impor-
tant weakness of cross-sectional studies is that information is not
available about temporal sequence (ie, whether the dietary expo-
sure as measured is a consequence of the disease rather than a
causal factor). In the calcium and blood pressure example, it is
not clear from cross-sectional data whether individuals with
higher blood pressure had altered their diets and their intake of
calcium in response to a previous diagnosis of high blood pres-
sure. Furthermore, cross-sectional studies only identify as dis-
eased those individuals with prevalent disease; factors that affect
survival can affect the assessment of causal relations.

Case-control studies

In case-control studies, individuals with recently diagnosed
disease (case subjects) are interviewed regarding their past
dietary intake. The focus of these interviews may be the period
before their disease was diagnosed or may extend back to other
periods in their lives. In addition to interview data, measures
may be made on biologic materials such as blood, urine, or tis-
sue samples. Data from case subjects are compared with data
from a randomly selected sample of individuals (control sub-

jects) from the nondiseased population out of which the case
subjects arose. The control subjects may be selected so that their
distribution on factors such as age and sex reflects the distribu-
tion of those factors in the diseased population.

Case-control studies allow for in-depth inquiry into factors
related to risk of disease, with information collected on an indi-
vidual basis. These studies are relatively efficient and quick,
with generally lower costs than either cohort studies or clinical
trials. Frequently, case-control studies are population based and
findings can be generalized, at least to the population under
study and often to a wider population. Case-control studies can
focus on dietary exposures in the past, while allowing for the
issues regarding measurement of diet in the past (2, 11, 12).

There are several disadvantages to this type of study. One is
the difficulty in validating reported exposures, particularly expo-
sures in the distant past. Another is the difficulty in identifying
an appropriate group of control subjects, particularly in studies
that are not based on geographically defined populations. Ide-
ally, once the appropriate control group has been identified, all
eligible case and control subjects would participate. In fact, this
is rarely accomplished and there are concerns regarding the rep-
resentativeness of those who do participate. Furthermore, there
is the concern that because the case subjects are sick they will
think about and report on their diets differently than will the con-
trol subjects, a process called recall bias.

Cohort studies

In a cohort study, a group of individuals is identified and their
exposures to dietary factors and other risk factors of interest are
measured. Assessment of dietary exposures may include both
present and past dietary practices. These individuals are then fol-
lowed over time to identify those who develop disease; the meas-
ured exposures are then used to determine predictors of disease
risk. The validity of the study is related to the completeness of
the follow-up. Ideally, all individuals in the original sample
should be included in later measures of disease status. Most
importantly, loss of cohort members to follow-up should not be
correlated with exposure.

Studies of this type have the important advantage that the
measurement of exposure precedes the identification of disease,
thereby avoiding the issue of recall bias and allowing the identi-
fication of temporal sequence. Cohort studies require sample
sizes on the order of thousands or even tens of thousands, with the
exception of studies about diseases with high incidence rates.
Additionally, they last longer than do other types of studies,
because time is needed for a sufficiently large sample of individ-
uals to develop the disease. Because of the large sample size, the
degree of detail obtained by the dietary questionnaire may be
more limited than for some case-control studies; both study
designs may be hampered by errors in the reporting of dietary
intakes. Both case-control and cohort studies provide important
information about associations between exposures in a free-living
population of humans. Both can address questions regarding
long-term exposure previous to the interview, although assess-
ment of past dietary practices is limited. In cohort studies, it is
also possible to assess current diet and examine associations with
disease over time as the cohort ages. Cohorts have the advantages
that there is no concern about recall bias (except for retrospective
cohort studies, those that collect at least some information regard-
ing exposures after disease occurrence) and that there is stronger
evidence of temporal sequence. For both cohort and case-control
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studies, a key issue is uncontrolled confounding. Factors that are
associated with both the dietary exposure of interest and the dis-
ease outcome and are not accounted for in the design or analysis
will confound the results of either of these study types. With
uncontrolled confounding, it is not possible to establish correctly
the association between the dietary exposure and the disease.

Clinical trials

In clinical trials, confounding can be controlled for completely.
Participants are randomly assigned to receive the dietary treatment
under study or to receive a control diet or placebo. Participants are
then followed for the development of the disease or the outcome
of interest. If the sample size is sufficient and the assignment to
groups is done correctly, it can be assumed that confounding char-
acteristics will be evenly distributed between groups. For this
study design there is no problem of recall bias in that assessment
of exposure is made before the occurrence of disease. In addition,
there is certainty that the exposure preceded the outcome. If the
possibility that chance could explain the findings is ruled out, and
a difference between the treated and untreated groups in the rate
of outcome is observed, it is possible to assume that the difference
is an effect of the treatment and that there is causality.

Clinical trials are often costly and difficult to conduct, and
some questions may be difficult or impossible to address with a
clinical trial because the exposure period is too long. Because a
clinical trial entails changes in participants’ lives, there are often
ethical considerations that limit the questions that can be
addressed. It is not ethical to administer substances for which
there is evidence of deleterious effects, nor is it ethical to conduct
a trial of a treatment and withhold it from the untreated group
when there is sufficient evidence that the treatment is beneficial.

STUDY DESIGNS AND ISSUES OF INTERPRETATION OF
FINDINGS

In the interpretation of epidemiologic studies, no one study
can be considered definitive. Rather, information from several
epidemiologic studies and from human metabolic, animal, and in
vitro studies needs to be considered. For analytic epidemiology,
the issue of consistency of findings is important because of the
possibility of confounding by one or more unknown variable;
different populations will likely have differences in the correla-
tions of the factors of interest with the confounders. Nonetheless,
when several studies are assessed to arrive at nutritional recom-
mendations, some studies will carry more weight than others.

Because of the efficiency of case-control studies, there is fre-
quently a much larger number of such studies available for
assessment of an issue; this allows for comparisons of findings
between different populations. Case-control studies may provide
significant information because they often include more detailed
interview data. In terms of diet, it is generally more feasible in
case-control than in cohort studies to assess a larger number of
foods and to include aspects of diet such as seasonality of con-
sumption, cooking methods used, and detailed information about
portion size. Although data collection with this degree of detail
is technically possible in a cohort study, it is often not practical
because of the large number of individuals involved.

Regardless of the study design, the relative validity of the
dietary measure should be evaluated. For case-control studies,
several factors need to be considered when evaluating the inter-
nal and external validity of the findings. One concern, as noted

above, is the participation rate. In many populations there is dif-
ficulty in obtaining the cooperation of randomly selected indi-
viduals, which leads to concern about the representativeness of
the study sample. The absolute participation rate in a case-con-
trol study may be less important than whether participation is
correlated with factors of interest in the study (ie, that there is
selection bias). With a participation rate close to 100% this issue
is not a concern, but with a moderate or low participation rate,
selection bias limits the extent to which the conclusions of the
study are generalizable. One solution to this problem is to assess,
to the extent possible, characteristics of both nonparticipants and
participants and to compare those characteristics. In one small
study of nonparticipation, for a crude measure of diet there were
no differences in reported intakes of several categories of foods
but there were differences in smoking habits between partici-
pants and nonparticipants (16, 17). Such considerations may
need to be a more standard feature of case-control studies.

A second concern, as noted above, is the question of recall
bias. For hypotheses that are not well known or for factors that
are not considered to be related to health by the general popula-
tion, this source of bias may be of less importance. That is, there
may be a greater tendency for the memory of past exposure to be
influenced by disease status when there is general knowledge
that the exposure is related to disease risk. However, in most
populations there is a general sense that diet is related to health,
and thus recall bias may be of concern for all case-control stud-
ies regarding diet and disease. Some studies examined recall bias
in case-control studies nested within cohorts (18–22). In these
studies, a sample of participants in a cohort (both case subjects
and appropriate control subjects), all with predisease measures
of dietary intake, were subsequently reinterviewed about their
diet in the past. The measured associations between diet and dis-
ease from the prospectively collected dietary data were com-
pared with those from retrospectively collected dietary data for
the same individuals. In 2 such studies from Canada and Swe-
den, there was little, if any, evidence of recall bias (18–20). In
another analysis conducted in the Nurses’ Health Study, there
was evidence of some effect of recall bias on the assessment of
the association between dietary fat and breast cancer (21). In that
study, the estimate of risk for total fat intake in the highest quin-
tile went from 0.87 for the prospective analysis to 1.43 for the
retrospective analysis. This may represent the upper limit of
recall bias, because this was an analysis of a well-known
hypothesis studied in a presumably well-informed group of
nurses. There was no evidence of recall bias in the assessment of
the association between alcohol intake and breast cancer risk in
that same cohort (22). These studies of recall bias were con-
ducted in highly selected populations and may not completely
address the issue as it occurs in a general population sample.
Although the issue of recall bias is important in the interpreta-
tion of case-control studies, such studies appear to provide valid
information about the relation of human diet to disease.

Findings from well-conducted cohort studies with good follow-
up necessarily carry considerable weight in the assessment of epi-
demiologic and other scientific literature regarding the relation of
diet to disease. Because of the advantages of predisease dietary
intake assessment and the large number of individuals involved,
they provide significant information about the relation of dietary
practices to disease risk in free-living individuals. However, for the
assessment of findings in order to set public policy, generalizabil-
ity must be considered. Participants in cohort studies of dietary fac-
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tors may be highly selected. Of those invited to participate, as few
as 25% or fewer may agree to do so. There are some cohorts that
are population-based with higher rates of participation [eg, the
Beaver Dam cohort (23) and the first National Health and Nutri-
tion Examination Survey (NHANES I) Epidemiologic Follow-up
Study (24–26)]. In other studies, all participants may be volunteers
[eg, the American Cancer Society cohort (27) and the Women’s
Health Initiative Observational Study (28)]. For many factors and
study questions, it is appropriate to assume that such selection is
not relevant, the underlying biologic mechanisms are the same,
and findings from cohort studies can be generalized to the general
population. However, there may be important differences in the
confounding factors affecting observed relations and therefore
affecting generalizability. For example, the Nurses’ Health Study
(29) includes women who are registered nurses; for the most part
they are or have been employed and are therefore older on average
at first pregnancy than the general population. People willing to
participate in a cohort study may be more interested in health and
health practices than the average person and therefore may have
different dietary practices from the general population. Practices of
the general population may be more difficult to study. Conversely,
the special characteristics of the cohort may allow for the exami-
nation of factors that could not otherwise be examined. For exam-
ple, in the Health Professionals Follow-up Study (30), the distribu-
tion of fat intake is lower and that of fiber intake is higher than in
the general population. These characteristics allow for analysis of
the effects of low fat and high fiber intakes.

Findings from clinical trials carry a great deal of weight but
have some limitations, particularly regarding their usefulness for
nutritional epidemiologic research. In any clinical trial there are
always concerns about the way the trial was conducted, includ-
ing issues of study participant compliance, drop-out rate, and
adherence to the study protocol. With dietary interventions there
may be additional concerns. For many kinds of dietary change,
especially changes in macronutrient intake, it is difficult for par-
ticipants to be blinded regarding their assigned group. This lack
of blinding among participants and investigators may lead to
some bias in the assessment of study outcomes. For changes in
micronutrient intake, it is more feasible to give a treatment in pill
form and therefore to blind participants to their treatment. Even
then there may be difficulty in controlling participants’ exposure
to the nutrient of interest from other dietary sources; this is of
particular concern if the dietary change under study is within the
range of intakes found in the diet. In many trials, however, the
treatment dose is far greater than the usual intake from dietary
sources and thus variation in intake from the diet would not have
an important effect on the study results.

Another important limitation of clinical trials is that interpre-
tation of the findings, particularly negative findings, is necessar-
ily limited. When there is no difference in an intervention study
between the treatment group and the control group in terms of
the measured outcome, it is not clear whether there would have
been an effect of the treatment if the study conditions (eg, study
duration or participant age) had been somewhat different.
Because of the difficulties involved in maintaining individuals in
a trial for a long period of time, many trials are limited in dura-
tion. Chronic disease may result from decades of dietary expo-
sure, and a change in risk may not be evident within the period
of a trial. This difficulty is often addressed by using an interme-
diary marker of disease risk. However, intermediary markers of
risk are limited by the extent to which a factor that increases risk

of the marker is also a risk factor for disease. Furthermore, a
dietary factor that has an effect in another part of the pathway
that is not related to the marker being measured may erroneously
appear to be unrelated to the disease.

An additional limitation is the interpretation of findings
regarding the dose of the treatment. If the findings are negative
there is always the question of whether the findings would have
been different if the dose had been higher or lower. Therefore,
positive findings from trials carry considerable weight; negative
findings need to be considered in light of other epidemiologic
and scientific evidence before a lack of effect can be concluded.

Multicollinearity

One factor to consider when developing policy recommenda-
tions based on findings from nutritional epidemiologic studies is
the analytic approach used in the studies. Intakes of nutrients
tend to be highly correlated; that is, there is considerable multi-
collinearity for nutrients and other food components. Conclu-
sions about the association of a single nutrient or small number
of nutrients with disease risk may be flawed because of correla-
tions that may exist among nutrients (3–5). Numerous other food
components that are not necessarily nutrients may also affect
disease risk. For some of these food components, complete food
composition data may not be available. Carotenoids and
flavonoids are examples of food components that are currently
thought to influence disease risk.

In the analysis of data from both case-control and cohort stud-
ies, a true relation between a group of food components and a
disease may be erroneously attributed to just one food compo-
nent. Thus dietary recommendations based on such studies are
more likely to be correct if they focus on dietary patterns rather
than intakes of single nutrients. The nature of patterns of food
intake is not well understood. Of concern is the pattern of foods
consumed as well as the variation in pattern of intake over time
(eg, by the day of the week) (1). Because there is considerable
interaction among nutrients, both within dietary sources and in
their effects on the human system, it may sometimes be more
appropriate to examine the effects of changes in the pattern of
food intake rather than changes in a single nutrient. There may
be effects of diet on disease risk that can be explained by exam-
ining pattern of consumption but that cannot be explained by
analyzing single nutrients in the diet (31).

This issue of analysis and interpretation of findings in terms of
focusing on specific nutrients or on patterns of food consumption is
also relevant when choosing questions to be addressed in clinical tri-
als. Intervention studies of supplementation with one or more nutri-
ents are far easier to implement than are studies of the effects of
changes in dietary patterns. Nonetheless, there are some important
strengths of studies that examine the effect of a change in dietary
pattern. Such studies allow for the examination of a wider group of
dietary factors simultaneously and sometimes may be important in
identifying the responsible factor or factors. There can be consider-
able difficulties in the implementation of dietary changes in trials
that focus on individuals; generally this entails in-depth training of
study participants. Results from the Polyp Prevention Trial (32) and
the Women’s Health Initiative (28) should provide some indication
of appropriate methodology and of the utility of focusing on dietary
pattern in such trials. Smaller trials conducted for shorter periods of
time may bypass the difficulties of educating study participants by
providing food to participants and obtaining their compliance in eat-
ing only foods provided by the trial or other approved foods.
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Another strategy that has been used is to focus on whole communi-
ties. Community-based trials have examined community-wide inter-
ventions regarding health promotion, including dietary changes.
Such studies include the Minnesota Heart Health Program (33), the
Pawtucket Heart Health Program (34), and the Stanford Five-City
Project (35). Although there continues to be a place for the evalua-
tion of individual nutrients or groups of nutrients in clinical trials,
such evaluations may be best conducted after positive findings are
obtained from a trial examining changes in dietary patterns.

Energy adjustment

Of the issues involved in identifying the correct model for analy-
sis of multicollinear dietary data, particular concern has focused on
controlling for energy intake. Willett and Stampfer (36) argued that
diet and disease associations may in some cases result from effects
on risk of differences in body size, efficiency of energy metabo-
lism, or physical activity, all factors that are correlated with energy
intake. Because intakes of most nutrients are correlated with
energy intake, it is important to control for energy intake so that the
true relations can be identified in these cases. Furthermore, adjust-
ing for energy intake allows differentiation between the effects of
total intake of a nutrient and the effects of diet composition. The
correct methodology for energy adjustment has been discussed (37,
38), as has the effect of that methodology in identifying the correct
model (38, 39). The correlation between the intake of some nutri-
ents as estimated from a food frequency questionnaire and the esti-
mate from biochemical markers of intake was shown to improve
with adjustment for energy consumption (40).

As noted by Willett and Stampfer (36), the decision to adjust
for energy intake depends on the model under consideration and
is not necessarily appropriate for all analyses of nutritional data.
In many epidemiologic studies, in which the underlying mecha-
nism is not known, it may be most appropriate to examine the
association of nutrients with risk both with and without adjust-
ment for energy. Furthermore, for nutrients that are highly corre-
lated with energy intake, particularly the macronutrients, the use
of energy adjustment assumes that all shared variation should be
attributed to energy and that only the variation that is independent
of energy should be attributed to the second nutrient. The energy-
adjusted variable would be most influenced by unusual diets (eg,
high in energy and low in fat or low in energy and high in fat),
which might lead to inappropriate conclusions.

For nutrients that are highly correlated with energy intake, it may
not be possible to distinguish between the effects of energy intake
and the effects of the other nutrient in observational epidemiologic
studies. It may be necessary to perform studies in other populations
in which the nutrient of interest is less strongly correlated with
energy or to employ the controlled conditions of a trial or metabolic
study to distinguish between the effects of the correlated substances.
In some cases, such distinctions are not important in terms of pub-
lic health in that recommendations can be made regarding the intake
of foods. However, in circumstances in which individuals are likely
to try to change their intake of a single nutrient, the lack of clarity
about the nutrient of importance would be significant.

Multiple hypothesis testing

Because of the nature of epidemiologic studies, multiple ques-
tions can be addressed within the context of a single interview or
collection of biologic materials. The cost and difficulty of con-
ducting these studies make it most efficient to address more than
a single question. In case-control studies, several exposures may

be assessed in relation to a single disease. In cohort studies, both
multiple diseases and multiple exposures may be examined.
However, this practice of addressing multiple hypotheses has
raised the question of whether findings that seem statistically
significant are possibly the result of chance.

In response to this concern, Rothman (41) argued that the classi-
cal statistical approach to multiple hypothesis testing is not without
trade-offs in that it results in a reduction in study power. Further-
more, the assumption underlying the concern about multiple
hypothesis testing is that chance is the best first explanation for
observations. Rothman argued that such an assumption is incorrect
and that given the empirical finding of order in biologic phenomena,
chance as an explanation is refuted with regularity. Instead, findings
need to be examined critically and a scientific evaluation needs to be
made as to their validity. Savitz (42) also addressed this issue and
reached conclusions similar to those of Rothman. He also pointed
out that it is difficult to assess the number of comparisons that are
being made. Does one count the number of comparisons made in
one study, in one part of a study, or in one investigator’s career? In
general the discussion of multiple comparisons is based on the use
of statistical testing for decision-making, a process that is inherently
arbitrary and incomplete (43). Because evaluation of epidemiologic
findings to develop recommendations necessarily is based on repli-
cation in other studies, this issue is of less importance. When an
unexpected finding is reported, the replication of that finding in sev-
eral studies would indicate that chance is an unlikely explanation.

A related issue concerns findings that appear to be significant but
that were not based on a priori hypotheses. This question of exactly
what constitutes an a priori hypothesis can become muddied within
the context of epidemiologic studies. Many studies are specifically
designed to allow for the testing of hypotheses that are not even for-
mulated at the time that the study is conducted (eg, biologic speci-
mens may be stored to allow new questions to be addressed without
incurring the cost of a new study). A related issue concerns unex-
pected findings in a trial; in a recent trial of the effect of selenium
supplementation on skin cancer risk, there was no effect of the sup-
plement on risk of skin cancer but there was reduced risk of prostate
cancer in the treatment group (44). It would be imprudent to dis-
count such a finding because there was no a priori hypothesis. For
all of these situations, an assessment would need to be made about
whether the study would have been conducted differently to cor-
rectly address the new hypothesis. For example, would additional
information have been collected? Would the biologic samples have
been handled differently? Would different efforts have been made to
ascertain the additional outcome? Would these differences have
affected the validity of the study findings? It would be appropriate
to discuss which hypotheses were considered and how the ones pre-
sented were chosen from among those considered. Again, as for the
case of multiple hypothesis testing, replication of findings in addi-
tional studies would render chance the less likely explanation for a
finding. Findings from epidemiologic studies are useful in setting
nutritional recommendations if the study was valid regardless of
whether there was an a priori hypothesis.

ASSESSMENT AND SUMMARIZATION OF FINDINGS
FROM MULTIPLE STUDIES

One tool for assessing the findings of epidemiologic and other
studies is meta-analysis. Meta-analyses are generally of 2 sorts:
those that quantitate findings based on the published literature
and those that are based on reanalysis of pooled data sets. Meta-
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analysis does not eliminate problems of confounding and bias in
the original data. As with any evaluation of the published litera-
ture, to the extent that there is publication bias (ie, a tendency
toward not publishing findings that are not statistically signifi-
cant or are new or unpopular), that bias will affect quantitative
and qualitative assessment of that literature. Conclusions may
also be biased if a meta-analysis excludes some studies.

Some concerns about this tool have been raised (45–47). One
concern regards the way that heterogeneity is handled; excluding
studies that are heterogeneous from the analysis could produce
misleading results. In some meta-analyses, study findings are
weighted on the basis of the investigators’ assessment of study
quality. Such an assessment can be flawed and may not be appro-
priate (45, 48). Assessments themselves need to be evaluated and
the effect of the assessment on the results of the meta-analysis
needs to be indicated (49).

Like other statistical tools, meta-analysis is useful but limited.
It is important that findings from such analyses not be given
more weight simply because they are apparently more quantita-
tive than other literature reviews. Furthermore, the precision of
the estimate of overall effect needs to be evaluated carefully. In
an examination of the concordance between meta-analyses and
large randomized clinical trials regarding the same questions,
findings from the clinical trials and the meta-analyses generally
agreed about the direction of the effect. There was less agree-
ment about the size of the effect (50). One opinion is that efforts
to reduce study findings to a single value are generally flawed
(47). In any case, meta-analyses are not necessarily more objec-
tive than other reviews; they are a resource for critically evaluat-
ing several studies (48, 49).

Meta-analysis does not address the issue of the biologic plau-
sibility of the findings. Assessment of causality may be based on
findings from human metabolic, animal, and in vitro studies in
addition to epidemiologic findings. Metabolic studies of humans
under controlled circumstances can provide insight into human
biologic mechanisms, although the findings are necessarily lim-
ited by the length of the study and thus they do not generally
address chronic effects of dietary factors on biochemical mark-
ers of risk. The animal literature is a source of insight about bio-
logic mechanisms toward understanding human disease. There
are frequently study questions that need to be addressed under
the controlled conditions possible in animal studies that cannot
be addressed ethically in human populations. Studies in animals
may be limited by interspecies differences, which need to be
considered when evaluating findings. However, when experi-
mental findings are replicated in several species, particularly
those most closely related to humans, they can be extrapolated to
humans with more confidence.

Results from animal experiments may depend on certain char-
acteristics of the experiment that limit generalizablity. For exam-
ple, it is frequently cited that in rodents fat intake, particularly
polyunsaturated fat intake, is positively related to mammary tumor
development (51). However, it now appears that the effect of fat
intake on mammary tumors is affected by the particular circum-
stances of the experiment. The observed effect is limited to exper-
iments in which the rodents are virgin, are given a semipurified
diet, and are fed ad libitum. When parous rodents are exposed to
fat in a diet that includes natural ingredients or when there is
restriction of energy intake, the effect is decreased or eliminated
(52). This difference might indicate that the apparent lack of
concordance between animal studies, in which there has been a

consistent relation between fat intake and mammary tumors, and
epidemiologic studies, in which the association between fat and
breast cancer has been less consistent (53), may result from dif-
fering circumstances in the human and animal studies.

Another source of information for the assessment of diet in
relation to disease is cell culture and other in vitro experiments.
Such experiments allow for identification of disease mechanisms
under highly controlled conditions. However, there is often con-
siderable disparity among the findings from different cell lines,
making it difficult to draw conclusions. It is also of concern how
well the findings regarding mechanism translate to more chronic
conditions in whole animals.

Just as the results of epidemiologic studies cannot be consid-
ered final because of issues of uncontrolled confounding, findings
in animals are limited by the possibility of interspecies differ-
ences, and in vitro findings are limited by the very nature of the
controlled experiments. When there is agreement among the
findings reported in the in vitro, animal, and epidemiologic liter-
ature, it gives credence to the findings and to the conclusion that
there is a relation of importance. Disparities between findings
indicate that there needs to be an evaluation of the different kinds
of evidence based on the strengths and weaknesses of the data.
Lack of concordance may also indicate that there is missing
information driving the differences and that further examination
of the question is required to fully understand the dietary factor
as it relates to the disease under study.
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