
























































































































































Among the many advances of modern nutritional
science are (i) the recognition of long-latency deficiency
diseases and (ii) the understanding that nutrients often
act through several distinct mechanisms within the
organism.” Thus, inadequate intake of a single nutrient
can result in multiple dysfunctions, some of which may
be quite slow to manifest. Further, there often is not a
sharp transition between health and disease, but a multi-
dimensional continuum, with different organ systems in
the same individual exhibiting varying sensitivities, and
with individuals varying among themselves in sensitivity.
The Recommended Dietary Allowances (RDAs) are
designed to account for interindividual differences in
requirements’ but, as implemented, they largely focus on
single organ system endpoints, and do not usually deal
with the multiplicity of a nutrient’s effects throughout the
body. Typically, policy-making -bodies have tended to
adopt the default position of defining the intake require-
ment mainly for prevention of the disease for which there
is the clearest evidence or at least a clear consensus, i.e.,
the “index” disease.

This approach raises questions regarding the
adequacy of such recommendations, since prevention of
the nonindex diseases may require more than the intake
needed to prevent the index disease. For example, the
intake of dietary folate necessary to reduce the risk of
neural tube birth defects is greater than that necessary to
prevent macrocytic anemia,” and the amount of vitamin
D required to reduce the risk of falls and hip fracture in
the elderly is greater than that required to prevent rickets
or osteomalacia.’

For several nutrients, RCTs have been conducted
with nonindex diseases as the outcome measure, but they
have most often failed to show a significant effect on the
occurrence of the selected disease endpoint (e.g.,
references®3!). Such RCTs are often flawed, not so much
in their conduct as in their design; for example, they do
not provide a sufficiently low intake of the nutrient for
the control group?? or they do not ensure adequate
intake of other essential nutrients needed for the test
nutrient to manifest its own proper effect.*?* It is worth
noting that, in this latter respect, such nutrient RCTs
emulate drug RCTs, which usually strive to eliminate all
confounding variables and effect modifiers, rather than to
optimize them.

ARE RANDOMIZED CONTROLLED TRIALS AVAILABLE TO
TEST NUTRIENT EFFECTS?

In order to conduct a RCT that adequately tests the effi-
cacy of a nutrient for a specific chronic disease, it will
usually be important to ensure an adequate contrast in
intake between the intervention and the control groups.
The control intake is an approximate analog of the
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placebo control in drug RCTs. However, since sufficiently
low intakes are associated with significant disease in
some body systems, doing so can lead to serious ethical
problems, particularly if the disease outcome is serious
and/or irreversible, e.g., preeclampsia, hip fracture,
neural tube defect, or myocardial infarction. In contrast
to observational studies, which typically assess nutrient
exposures ranging from low to high, most RCTs of nutri-
ent effects have employed a control group receiving an
intake typical of the population, oftentimes near the
RDA, and certainly above the thresholds for many defi-
ciency states, while the intervention group receives even
more. This approach transforms the hypothesis ostensi-
bly being tested to one of “more is better”. Such trials are
ethical and feasible, but they often do not test the hypoth-
esis that low intake of nutrient A causes (or increases the
risk of) disease X. This is not to question the value of
asking such secondary questions, but simply to stress that
they are different questions.

EBN thus departs from the situation of EBM, where,
for most interventions, the use of a no-intake control
group is usually quite appropriate. In EBM, the hypoth-
esis is that adding an intervention ameliorates a disease,
whereas in EBN it is that reducing the intake of a nutrient
causes (or increases the risk of ) disease. This distinction is
critical. No one proposes in EBM that a disease is caused
by the absence of its remedy; whereas for nutrients the
hypothesis is precisely that malfunction is caused by defi-
ciency. A hypothesis about disease causation can rarely, if
ever, be directly tested in humans using the RCT design.
This is because in the RCT the disease/dysfunction occurs
in at least some of the study participants, and the inves-
tigators must ensure that this will happen. Instead where
EBN must operate is with respect to two related, but dif-
ferent questions: (i) In addition to disease X, does the
inadequate intake of nutrient A also contribute to other
diseases? and (ii} At what level of intake of nutrient A is
risk of all related disease minimized or all related func-
tions optimized? '

In brief, it is unlikely that RCT evidence could feasi-
bly or appropriately be produced with respect to the role
of a nutrient for many nonindex-disease endpoints.
Therefore, the majority of the evidence with respect to
nutrients and nonindex diseases will continue, of neces-
sity, to be derived from observational studies. That does
not mean that action must be suspended. Over 30 years
ago, Hill* described guidelines to assess causation under

.such circumstances (see Supporting Information).

HOW MUCH CERTAINTY IS NECESSARY?
RCTs, if well designed and well executed, provide a high

level of certainty that a specific intervention can reliably
be counted on to produce a specific effect in a selected
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population. As a society, we have determined that a high
level of certainty is required for the evaluation of efficacy
for therapeutic drugs. Such a standard is justified by the
usually high cost of such medical treatment, by the risk
that therapeutic decisions based on inadequate evidence
would shift treatment away from possibly more effica-
cious therapies, and from the need to balance benefit
against the risks that accompany pharmacotherapy. These
same concerns are substantially less pressing for nutri-
ents. Nutrients are orders of magnitude less expensive
than drugs and often exhibit a broader margin between
efficacy and toxicity. Is the same high level of certainty
required regarding the nutrient intake recommendations
to prevent disease as is needed for drugs used to treat
disease?

There is no simple answer to this question. Never-
theless, it seems clear that requiring RCT-level evidence
to answer questions for which the RCT may not be an
available study design will surely impede the application
of nutrition research to public health issues. Moreover, to
fail to act in the absence of conclusive RCT evidence
increases the risk of forgoing benefits that might have
been achieved with little risk and at low cost. This is not to
suggest that the standards of what constitutes proof ought
to be relaxed for nutrients, but to propose instead that
nutrient-related decisions could be made at a level of
certainty somewhat below that required for drugs. Under
such circumstances, confidence in the correctness of a
decision would necessarily be lower.

Figures 1 and 2 present these considerations graphi-
cally, where confidence in the correctness of a certain
recommendation (vertical axis) is the dependent variable,
expressed as a function of the following: i) the level of
certainty (or strength of the evidence) relating a given
intake to any specific effect; and ii) the benefit-to-risk
ratio that follows from acting.“Acting” here means speci-
fying an intake level as a recommendation for the general
public (or approving a drug for a given indication). In
EBN, the strength of the evidence, ranging from high to
low, might be quantified in an ordinal fashion, such as
“established”, “probable”, “likely”, and “unclear” Here,
“unclear” means simply no ability to decide one way or
the other, i.e., the null position.

As Figure 1 shows, confidence in the correctness of a
decision to act rises as a function of both certainty and
benefit : risk, reaching its maximum only when the levels
of both certainty and benefit : risk are high. This would be
typical of the drug decision context (Figure 2A). By con-
trast, Figure 2B depicts what would seem to be appropri-
ate for nutrients, for which a lower level of certainty
would be acceptable; i.e., the confidence needed to act
would be less than that needed for drugs.

As inspection of Figure 2B shows, the intersection of
the cut-point plane with the three-dimensional surface is
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Figure 1 Three-dimensional plot depicting the relation
between confidence that a decision to act or to imple-
ment a nutrient recommendation is the correct thing to
do (the vertical axis), and the degree of certainty about
efficacy (strength of the evidence) of the nutrient (left
horizontal-plane axis), and the ratio of benefit to risk of
the change in intake (right horizontal-plane axis). The
surface represented by the grid illustrates a confidence
outcome, incorporating the full range of inputs of efficacy
and benefit : risk. (Copyright Robert P. Heaney, 2010. Used
with permission.)

a curved line. This line itself is a reflection of an inverse
relation between certainty and benefit : risk for any given
degree of confidence in the correctness of an action.
Thus, for nutrients with high benefit : risk, less certainty
might be adequate to permit action, whereas for nutrients
with less potential benefit (or more potential risk), a
higher certainty of efficacy would be needed.

Importantly, these figures are simply illustrative;
their use here is not intended to propose a rigid, math-
ematical approach that could be applied robotically to
such questions. The purpose is simply to illustrate a
potential willingness to act for low-risk interventions
with probable benefit and at a level of certainty
below what would be needed for approval of medical
interventions.

WHAT FEATURES AFFECT CERTAINTY?

It is interesting to note that while regulatory agencies
from around the world rely on RCTs, there is a high
degree of discordance regarding how different jurisdic-
tions evaluate the strength of the evidence produced by
the same studies for the substantiation of health claims
for nutrients and foods. Thus, in advancing approaches
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Figure 2 The decision plot for the relationship of Figure 1, as implemented for drugs (4) and for nutrients (B). Any
value above the cut-plane would permit action. Notice that a high benefit : risk ratio would permit action at a lower level
of evidential certainty and vice versa. (Copyright Robert P. Heaney, 2010. Used with permission.)

Table 1 _Factors affecting the level of certainty of evidence provided by various study designs.

Study type

Factors

Randomized controlled trial

Control group (or period) with sufficiently low intake
Accuracy of intake assessment

Minimal losses of sampling units

Replication

Adherence/compliance

Optimization/control of conutrient intakes

Effect size (e.g., relative risk >2.0 [or <0.5])

Cohort design

Low intake control group

Intake estimate validation

Correct temporal sequence

Dose-response relationship
Replication/multiplicity of studies

Low between-subject variance

Biological plausibility

Adequate control for conutrient intake
Adequate control for other confounding factors
Effect size (e.g., relative risk >2.0 [or <0.5])

Case-control design

Low intake control group

Contrast groups randomly derived from population
Biological plausibility

Adequate control for conutrient intakes

Effect size (e.g., odds ratio >2.0 [or <0.5])

to EBN, it will be useful to set forth some of the factors
that we judge will affect the level of certainty (evidential
strength) that various study designs offer (Table 1), as
well as the factors that affect the level of confidence in a
decision that may flow from any given degree of cer-
tainty (i.e., high benefit: risk ratio; important conse-
quences of possible Type II error; low deployment cost;
low opportunity cost; multiplicity of lines of supporting
evidence).
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Additionally, certainty can be enhanced by ancillary
measurements. Discussion of these features is further
developed in the Supporting Information.

As listed in Table 1, an RCT gains or loses certainty
depending upon whether or not the following apply: i)
there is an adequate contrast in intake between the inter-
vention and control group; ii) it has been replicated; iii) it
suffered only minimal losses of sampling units; iv) it mea-
sured and controlled adequately for conutrient intakes;
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and (v) its estimate of effect size is large. While not all of
those factors are absolutely necessary, each contributes
a degree of certainty in its own right. These features
are developed at greater length in the Supporting
Information.

As RCT-based evidence may not be available ethi-
cally or feasibly to answer many nutrient-related ques-
tions, it is important to attend to the factors needed to
support action when evidential certainty is less than
perfect. The factors affecting confidence, as listed above,
represent a start at this effort. Perhaps the most compel-
ling concern regarding this issue is the fact that benefits
may be forgone when action is deferred, i.e., the conse-
quence of the type II error when the conclusion from
available evidence is “not proven”. Offsetting that risk are
the costs associated with action when the true effect is
actually negligible or null. Therefore, low deployment
cost and low opportunity cost should be important con-
siderations. Any change in nutritional policy creates work
for both industry and regulators, efforts that have a cost
and that may displace other action that might have been
more productive. There is no single or simple correct
answer to these questions about cost, but it is worthwhile
to stress that they must be factored into the decision
matrix on a case-by-case basis.

CONCLUSION

Inadequate intakes of nutrients result in a variety of

dysfunctions and diseases. The full spectrum of those .

untoward effects is unknown. Because deliberately
reducing intake to deficient levels in humans is ethically
impermissible, the RCT will often not be available as a
means of elucidating many potential nutrient-disease
relationships. The general principles of EBN can provide
a sufficient foundation for establishing nutrient require-
ments and dietary guidelines in the absence of RCTs for
every nutrient and food group. Sackett etal.* among
the intellectual fathers of EBM, stressed nearly 15 years
ago that EBM was “not restricted to randomized trials
and meta-analyses”, a counsel that has been shunted
aside in recent years. A general approach to acting in
the absence of ultimate certainty should include a
broader consideration of other research strategies along
with revised estimates of the certainty level of the evi-
dence and the confidence needed to act in support of
public health. In such judgments, it will be important to
assess the balance between the potential harm of
making any given recommendation and the potential
harm of not making it. Additionally, a key challenge will
be to find appropriate educational strategies to convey
varying levels of strength of evidence for a given recom-
mendation.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article:

Appendix S1. Amplification on certain of the points dis-
cussed in the paper “Evidence-Based Criteria in the
Nutritional Context”, by Blumberg et al. [Nutr Rev
2010;68(8):478-484].

Figure S1. Plateau diagrams illustrating the difference
in measurable response for studies in which the low
intake contrast group falls above or below the plateau
intake. As Fig. A14 depicts, at least one of the contrast
intakes must be below the response plateau if a measur-
able effect is to be produced. With both intakes at
an above the threshold of the plateau (ie, AlB),
response would be expected to be minimal or absent
entirely. (Copyright Robert P. Heaney, 2008. Used with
permission.)

Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting materials sup-
plied by the authors. Any queries (other than missing
material) should be directed to the corresponding author
for the article.
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Evidence-based criteria in the nutritional context: Appendix

This Appendix amplifies on certain of the points discussed in the paper “Evidence-Based Criteria

in the Nutritional Context”, by Blumberg et al. (Nutr Rev 2010;68:478-84).

Similar Systems

It is wofth noting also that the approach to certainty we propose closely parallels the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) system criteria®'
developed for medical interventions, and the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines, which also include these issues within their
evaluation scheme.*” In GRADE, degree of certainty is termed “quality of evidence” and is
ranked as “high”, “moderate”, “low”, and “very low”. These terms correspond to our

designations of level of certainty: “established”, “probable”, “likely”, and “unclear.”

The American Institute for Cancer Research and World Cancer Research Fund use similar

&6

criteria for clarifying risk as “convincing,” “probable,” “limited-suggestive,” and “substantial
effect unlikely”.3* In GRADE, evidence is considered of high quality if it is judged that further
research is unlikely to change the estimate of an effect, while it is judged to be of low quality if it
is deemed that further research is likely to have an appreciable impact on that estimate. While the
same distinctions apply to our proposed certainty scale, we judge that the term “quality” in
GRADE is not apposite, inasmuch as an animal or cell biologic study may be of very high
quality and still have little persuasive force with respect to a recommendation for humans.

Hence, the term “certainty” (or “strength’) appears better suited to this application as it is not

pejorative and speaks directly to the decision context. We note also that GRADE (and other
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similar systems) relate largely if not exclusively to the certainty axis in Figures 1-2 of the

comparison paper, with little or no direct consideration of benefit or risk.

For observational studies (see STROBE®?), factors affecting the persuasiveness of the evidence
listed in Table 1 of the companion paper include the familiar criteria of replication (particularly
in different populations and with different investigational approaches), the correct temporal
sequence (exposure prior to outcome), the expected dose response relationship of intake and risk,
biological plausibility (e.g., animal and/or cell biologic studies defining the mechanism and

predicting the clinical effect), and effect size.55

Factors Affecting Certainty of the Evidence

The importance of a low intake control group relates to the “plateau” or “sigmoid” character of
the dose response curve, and has been described elsewhere.>*%” A trial such as that illustrated in
Figure S1B (i.e., contrast groups with both intakes at or above the plateau threshold)
demonstrates nothing except that supra-threshold intakes confer little or no additional benefit.
Nor does such an RCT establish the location of the plateau threshold itself or answer the question
about efficacy relative to sub-threshold intakes. In the field of calcium nutrition, several RCTs
have unfortunately followed the pattern of Figure S1B, notably the Women’s Health Initiative™®
and the Calcium for Preeclampsia Prevention® trials, both with high control group intakes and

both producing predictably inconclusive results.

Other factors can be equally important. More than minimal losses of sampling units jeopardize
the randomization of a RCT®'° and seriously degrade its degree of persuasiveness. This is a
widely ignored problem and cannot usually be countered by over-recruiting subjects. Further,
failure to take into consideration nutrient-nutrient interactions can lead to negative or even

paradoxical results. Thus, in the field of bone biology, neither calcium nor vitamin D will exert
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much of an effect on bone if each is evaluated without attention to the intake of the other.3!'"3!>

Similarly, at low calcium and vitamin D intakes, protein can have a negative effect on bone
status,>' but at high calcium and vitamin D intakes, protein has a positive effect.5>17 Not
optimizing protein intake in these studies may thus blunt or obscure calcium and vitamin D
effects. Similarly complex interactions occur between many B vitamins and also between
nutrients within the antioxidant defense network. Such interactions markedly limit the practical
value of studies of single nutrient interventions that fail to control for (or ensure adequate intakes

of) covariate nutrients in the diet (and/or concomitant drug therapy).

Factors Affecting Confidence in a Decision

We do not suggest that high intakes of certain nutrients (or the foods that contain them) always
present only trivial risks. For example, vitamin A toxicity can be a serious problem in its own
right, and oily fish may be a source not only of omega-3 fatty acids, but also of environmental
toxins, such as mercury. In any event, these consequences, while not negligible, will usually not
be of the same character or magnitude as the result of approving a potentially dangerous drug for

treatment of disease without strong evidence of efficacy.

Desired Evidential Components of Studies of Nutrients

In addition to the study features listed in Table 2 in the companion paper, it may also be
important to emphasize the type of data that, if accumulated in a well-designed nutrient study,
could improve both the level of certainty of its conclusions and contribute to a future meta-
analytic exploration of differences between studies (see below). As noted previously, nutrient
effects are often subtle and multi-systemic, often falling within the noise range of biological or
analytical variability. [It is important to recall that small effects are not unimportant at a

population level 3"%'®] Measurement and reporting of key covariates should, by adjusting for
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their presence, clarify the true nutrient effect and enhance understanding of the biology of the

nutrient concerned.

Biological profiling. Drug RCTs routinely measure indices of hepatic, renal, bone marrow, and
other functions before and during treatment with an investigational agent. Analogous
measurements should become routine in nutrient studies. Certain classes of covariates, if
measured and reported, would generally help to clarify study outcomes (anthropomorphic,
socioeconomic, educational, and demographic data). Recommended collateral measurements to
be reported in studies of nutrient effects include the following: ethnicity; biomarkers of
intake/exposure; tobacco, alcohol, and drug usage; physical activity level; biomarkers of
response; baseline intakes of both the nutrient tested and all related co-nutrients, including
related energy or biomarker data; changes in intake of other nutrients during study; and multiple
endpoints. The follow‘ing list identifies certain specimens that ideally should be obtained and
archived to permit possible subsequent analysis in light of yet-to-be-discovered biological
relationships: samples for DNA; serum/plasma for proteomics; fasting plus postprandial
serum/plasma for metabolomics; urine; other tissue samples as may be applicable; archiving of
primary data. Many of the classes of covariates listed above are straightforward and require no
comment except to note that they are sometimes missing in reports of nutrient studies.
Biomarkers. Biomarkers — both Qf exposure and of response — would seem to be critically
important to advancing the application of EBN. For most nutrients, it is not the actual intake
itself that is important, but the nutrient concentration achieved in the target tissues. Intake
biomarkers, where available, are essential to assessing both compliance with the intervention and
inter-individual variations in the bioavailability and metabolism of the nutrient, and thus

facilitate explanation for observed variations in response. Similarly, systematic reviews and
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meta-analyses of nutrient interventions must consider the relative bioequivalence of the different
bioactive forms of the same nutrient in RCTs evaluating such nutrients, which, unfortunately,

many have failed to do.’'>*"

In contrast, changes in biomarkers of response (or intermediary measures of pathogenesis or
disease) are proxies for the health benefit at issue. They may substitute for actual disease
endpoints, help to clarify the mechanism of an effect, and/or reinforce a conclusion because of
concordance between the biomarker and other endpoint data. Examples include clinical measures
such as blood pressure, bone mineral density, and cognitive performance, and/or biochemical

measures such as mediators of inflammation, insulin resistance, and oxidative stress.

Polymorphisms. One of the reasons for gathering this additional information is that, while
humans have very similar genetic codes, they have great variation in the ultimate result of gene
expression, the phenotype. Some of the variation between individuals is due to the approximately
50,000 single nucleotide polymorphisms (SNPs) that each of us harbors.3**% In total, more
than one-fifth of these SNPs occur in more than 1% of the population.>*! And some common
SNPs occur in from 5% to more than 50% of the population. For example, the dietary
requirement for choline is dependent on whether or not the individual has SNPs in genes for
choline or folate metabolism.’**5** The methyl-tetrahydrate folate reductase (MTHFR) gene has
a common SNP that results in reduced enzymatic activity, and individuals homozygous for this
allele have elevated plasma homocysteine concentrations unless they ingest high amounts of
folate.5?* The gene for PPAR-a has a SNP that has been associated with alterations in total
cholesterol, LDL-associated cholesterol, and apo-B concentrations,826 and this SNP alters
response to dietary n-6 polyunsaturated fatty acid (PUFA) intake. In persons with the variant

allele, increased n-6 PUFA intake is associated with a marked reduction in triacylglycerol
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concentration.5?® Clearly, such allelic variation defines responder and non-responder groups,
which, if not recognized or factored into study design, could easily result in null effect
conclusions. It needs to be recognized that the occurrence of SNPs affecting the metabolism of
most conditionally essential nutrients and phytochemicals has yet to be characterized. For all

such reasons, clinical studies in nutrition need to collect DNA for possible future SNP analyses.

These understandings have been achieved only recently, and to date most nutrition studies seem
to have assumed that all people have average dietary requirements and average responses to
nutrients. If nutrition studies could better identify potential biological responders and
differentiate them from potential non-responders, the sensitivity to detect differences between
groups could be greatly increased. Modern genomics, when built into the study design, can help

to explain some of the individual variation in response and hence in requirement for nutrients.

In the near future metabolomic platforms will permit simultaneous analyses of thousands of
small metabolites in plasma or urine at a cost equivalent to obtaining a cholesterol analysis

today,**’

thereby permitting more complete characterization of individual metabolic variations in
response to a nutrient. Though the analytical and informatics capacity to effectively use

metabolomics are a few years away, nutrition studies would be wise to bank plasma or urine

samples for future analyses.

Glbbal outcome measures. Multiple endpoint measurements®’ are a frequently overlooked but
potentially helpful feature of well-designed nutrient studies and flow naturally out of the multi-
system character of nutrient effects. For example, an intervention (whether involving a single
nutrient or a set of nutrients) might lower blood pressure, maintain visual function, decrease

. biomarkers of inflammation, improve nerve conduction velocity, and enhance insulin

responsiveness, among other effects. If most or all of these changes were within the range of
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usual biological variability, they would, individually, rarely be statistically significant, whereas
in the aggregate they might well be. Ideally, such analyses should not be post hoc, and the
research approach should employ a single hypothesis for some composite or global measure of |
all of the appropriate endpoints. To reflect the multi-system action of nutrients, the a priori
research question should be whether a given intake of a nutrient(s) provides a fotal body health
benefit. A global index, as the design endpoint, not only corresponds to that more general
question, but also compensates for the inherent heterogeneity of nutrient response, both between
systems within individuals, and between individuals within populations.828 Itis iinportant to
stress that a specific global index must be carefully constructed. Too enthusiastic inclusion of
dubious elements will defeat the purpose, as a diabetes trial using a global score recently

demonstrated.>*

Meta-analyses. One of the factors recognized as strengthening the body of gvidence is replication
(cited above). Here we note that multiple studies are important for another reason as well.
Studies with differing design features can provide insight into variability in biological response.
An over-reliance on meta-analysis restricted to RCTs, without factoring in the physiologic
reasons for heterogeneity, can result in misleading conclusions that lack coherence with the

totality of available information derived from all research approaches.**”53 0.531

Meta-analysis is

most commonly thought of as synthetic, i.e., a means of aggregating different studies to obtain a
better estimate of the overall effect. Perhaps of greater interest is the analytic potential of meta-

analysis, i.e., the delineation of why studies differ in the magnitude and direction of nutrient

effects. In order to enable this analytic function, the lists of covariates and specimens in the

section above on biological profiling could be of crucial importance, since such measurements
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may serve to provide the data necessary for understanding some portion of the biological

variability in nutrient response.
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Figure Legend

Figure S1. Plateau diagrams illustrating the difference in measurable response for studies in
which the low intake contrast group falls above or below the plateau intake. As Fig. A14 depicts,
at least one of the contrast intakes must be below the response plateau if a measurable éffect isto
be produced. With both intakes at an above the threshold of the plateau (i.e, A1B), response
would be expected to be minimal or absent entirely. (Copyright Robert P. Heaney, 2008. Used

with permission.)
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Ver. 2.0

EBN (Evidence-Based Nutrition)

Robert P. Heaney, MD
Connie M. Weaver, PhD
Jeffrey Blumberg, PhD

The criteria used in evidence-hased medicine provide a poor

fit for decisions concerning nutrient intake recommendations.

For many nutrient-disease relationships, level 1 evidence
cannot he ethically obtained. The challenge is to design an
approach that will allow responsible development of national
policy in the absence of randomized clinical trials. A
decision strategy based not on proving benefit but on
estimating harm is proposed. We note that not changing a
recommendation is itself a recommendation. Nutr Today.
2011;46(1):22-26

ver the past 15 years, the term “evidence-based”

has spread like a wildfire through the field of

clinical science. Once confined mainly to the
criminal courts, the term is now used to characterize
budget decisions, treatment approvals, and nutrient
intake recommendations. It is clear that we all want to
represent to our various publics that our proclamations
and recommendations are based in evidence. Indeed,
who would want to represent otherwise?

The term “evidence based” entered the clinical sciences
as evidence-based medicine (EBM), stimulated in large
part by the fact of wide disparities in the uses of certain
interventions or medications and by the need of
managed care groups and third-party payors to establish
standards about what should be done or what might be
reimbursed. How effective this effort may have been is
arguable, but the need to attempt something of the sort
seemed obvious. It was not that decisions in the pre-EBM
era were not based on evidence; rather, “How good was
the evidence?” “How sure could we be that a particular
intervention made an appreciable difference, or didn’t do
more harm than good?”

To address such questions, EBM adopted a hierarchy
of evidence, placing the experimental design above all
observational designs. The principal experimental

designs include controlled feeding studies, physiological
studies, and double-blind, placebo-controlled,
randomized clinical trials (RCTs), with basic research
and expert opinion at the bottom of the hierarchy of
persuasiveness. The dominance of the RCT was due to
the fact that, given the multitude of factors that may
influence an outcome, the experimental design is the
only one that permits strong causal inference, allowing
one to say with a specified degree of confidence that

a given intervention causes a certain effect in a selected
population. Other study types, able at best to control
only weakly for confounding factors, can never have
that same persuasive force Nevertheless, it is worth
recalling that Sackett,' one of the intellectual fathers

of EBM, commented many years ago that there would
be situations in which RCT data would not likely be
available and that such absence should not paralyze the
decision context.’ To some extent, this conclusion has
been lost sight of in subsequent years. This is especially
true in the field of nutrition, which, as evidence-based
nutrition (EBN), has seemingly swallowed EBM whole
without either asking how well it might fit, or adapting it
to the unique features of the nutrition context. Several
efforts at better systematlzmg the process have recently
been published,>” but without providing assurances
that they can, be effectively implemented. Indeed, at least
one of them,” by including a biologically flawed study
as one of its examples, gives hints of the practical
difficulty of doing so. '

Several of the critical differences between medical
interventions and numents have been explored in
depth elsewhere,° as have the consequences of those
differences for the kind of evidence that can be produced
and the often ignored limitations of RCTs themselves.
They need not be further reviewed here. However, 2 of
those differences are of such force that, alone, they
call for a different approach to decision-making
concerning nutrients (which we term “EBN Ver. 2. O”)

How can there be this contrast between the
evaluation of medical interventions and nutrient intake
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recommendations? It might seem, on the surface, that
the underlying hypothesis behind testing a medical
intervention and a nutrient intake recommendation
would be fundamentally the same, that is, “intervention
A (whether nutrient or drug) ameliorates condition B.”
Although we hope that the medical intervention will
work, we have what ethicists term “equipoise” and are
prepared to accept the fact that it may not. That is
because, for the drug at least, we do not suppose that
the disease is caused by the drug’s absence.

It is fundamentally different with nutrients. All
nutrients are necessary for health, and low intake of
any nutrient will compromise physiological function in
some way or other (and express itself as some form of

- “disease”). The actual hypothesis, therefore, is one of
disease causation: “low intake of nutrient A causes, or

contributes to, disease B.” That is the ultimate rationale
for the cognate, secondary hypothesis that increased
intake of nutrient A will ameliorate the burden of
disease B. The reason for the amelioration (if it actually
occurs) is that we are correcting a deficiency that is the
cause of the dysfunction we are treating or preventing,
So what we are reduced to testing is the hypothesis
that low intake is causative. Using RCTs to do that can
create nearly insuperable ethical barriers because the
investigative team has to be prepared to put subjects in
harm's way. It does not matter that the hypothesis may
be incorrect for a specific nutrient-disease relationship,
that;is, that nutrient A may have no actual relationship to
disease B. Rather, simply because of the fact that A is a

. nutrient, we know that low intake causes some disease,

if not specifically disease B.

The resulting ethical dilemma is illustrated nicely in
the Calcium and Preeclampsia Prevention (CPEP) Trial
sponsored by the National Heart, Lung, and Blood
Institute.” It simply would not have been acceptable for a

major federal research agency to mount a trial in
pregnant women for which a control group was assigned
to an intake of calcium generally understood.to be
inadequate. As a consequence, the control group in
CPEP received a calcium intake that averaged above the
current recommendations for pregnancy, whereas the
treated group received 1000 mg/d more. Clearly, this
was not a test of causation, but instead, a test of the
hypothesis that more is better.

This dilemma arose because of a second, prominent
feature of nutrients, that is, the sigmoid character of
response to varying intakes (Figure). Such response
curves are typical of many biological systems and
probably, to some extent, true also for response to
pharmacologic agents. Recognizing the existence and
relevance of such a response curve is critical. The reason
is that, in a properly designed RCT, 1 of the 2 contrast
groups must have an intake at the low end of the curve,
and the other at or above the high end. This does not
create a problem for drugs because the low end is the
placebo-controlled group, and the high end is a dose
that, in phases 1 and 2 trials, was found to be sufficient
to elicit the desired response. But for nutrients, it is
a constantly vexing problem. The observational data
leading to investigation of a particular nutrient-disease
relationship will commonly have included individuals
with intakes at the lower end of the curve, but
investigators would usually be unwilling (or not
permitted) deliberately to place individuals there for
purposes of an RCT or a feeding study, as was the case
for the CPEP Trial.

In addition, there is a commonly occurring, healthy
volunteer effect in recruitment for studies of this sort,
which tends to push the intake of the control group to
levels atypical for the population. As a result, an attempt
to study a population “as it now exists” will often be
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Figure. Sigmoid plots depicting the relationship between nutrient intake and indicator response. Both panels show the contrast in response to
similar differences in intakes. In A, with the intakes straddling the ascending limb of the response curve, the response would be both highly
detectable and biologically significant. By contrast, in B, with intakes mostly above the inflection point of the curve, the response is neither easily
detectable nor meaningful if detected, The situation presented in B is what occurred in WHI'® and CPEP Trial for calcium® and graphlcally
demonstrates why those trials were inconclusive. (Copynght Robert P. Heaney, 2010. Used with permission.)
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frustrated. This was clearly the case with the calcium
and vitamin D arm of the Women's Health Initiative
(WHI).'° In the design phase, the investigators, relying
on National Health and Nutrition Examination Survey
data, anticipated a medlan calcium intake for the control
group around 600 mg/d.'! When the trial was fully
enrolled, it turned out that the control group had

a median intake of about 1100 mg/d. That intake was
actually above the then-recommended level for the age of
most of the women enrolled. Thus, all that WHI could
show was that, like CPEP, giving more calcium than

the recommended amount conferred little appreciable
additional benefit. But neither with CPEP nor with

WHI did thesé trials actually test the hypothesis that

. low calcium intake increased the risk of (or was

the cause of) their preeclampsia or osteoporotic
fractures. And the reason, as the Figure makes obvious,
is that there was, in fact, no low calcium intake group for
either study.

Incidentally, the sigmoid response to nutrients must be
taken into consideration, also, in the preparation of
systematic reviews. Most such reviews, for calcium and
vitamin D at least, have failed to use such biological
(as contrasted with methodological) criteria in the
selection of studies to be reviewed and evaluated. Thus,
many such reviews of calcium, for example, have
included the WHI trial and found it to be “negative.”
(Actually, technically, it was a null trial, not negative.)
But, as just noted, that conclusion is quite incorrect. In
brief, WHI, as implemented, was simply not informative
about the question concerned and should not have
been included at all. Also, many systematic reviews tend
to downgrade controlled feeding studies despite their
being inferentially equivalent to RCTs, It is likely that
most reviews of nutrients will come to erroneous
conclusions if they are not performed by individuals
who are content experts in the relevant biology

This need for content expertise is forcefully illustrated
by 2 systematic reviews of vitamin D effects, using the
hallowed Cochrane approach.*>!? Both included studies
that failed to use vitamin D at all, but instead used related
compounds with very different pharmacologic profiles
and no nutritional relevance whatsoever. Yet, both
did not hesitate to conclude that they were able to find
no appreciable effect of “vitamin D” for the end points
concerned. Thus, systematic reviews, on which we have
been taught we can rely for unbiased analysis, although
correct in concept, can easily produce flawed results.
The reason is that they often analyze intrinsically ﬂawed
or inappropriately selected studies.

Systematic reviews aside, the ethical (and other)
problems attendant upon RCTs mean that policymakers
must face the fact that there will be important nutritional
policy questions for which we will never have adequate

level 1 evidence, as Sackett et al' had originally
recognized and as Willett'* has recently forcefully
argued. Are we, therefore, to stay high-centered in the
istatus quo? Are we precluded from making further
recommendations that would be based of necessity
largely on observational data?

An argument commonly cited against proceeding
without definitive proof is the issue of postmenopausal
estrogen replacement therapy. It had been recognized for
many years that premenopausal women seemed to be
protected from coronary artery disease and that that
protection extended beyond menopause if the woman
received estrogen replacement. A large body of
observational studies was consistent with this experience.
Then, when the results of the WHI trial were
published,"” the data were represented as showing the
opposite. But the common perception of what WHI
showed in this regard is simply incorrect.

The hypothesis of estrogen protection against coronary
artery disease was tested in 2 groups, one in women
with a uterus (who received estrogen plus a synthetic
progestogen) and one in those without (who received
estrogen alone). The former group showed not only the
oft-cited lack of protection but an actual increase in
risk. However, the estrogen-only group, by contrast,
experienced the predicted decrease in coronary artery
disease risk. Presumably, it was the progestogen that was

- responsible for the difference. In any case for estrogen

alone, the results of the RCT were entirely concordant
with the results of observational studies, not contradictory
as often represented. A second publication from WHI'®
showed, in addition, that for both groups of women there
was protection in the first 10 to 15 years following

- menopause—precisely the period when estrogen

replacement is usually prescribed; once again largely
concordant with the observational data. Why the RCT
data are so often misinterpreted or misrepresented is
uncertain, but it is important here to note simply that
this claimed instance of reversal of the conventional
wisdom simply falls apart in the light of the actual data.
This is not an isolated problem. Similar misinterpretations
of seemingly definitive RCTs of other nutrients (such as
vitamin E) have been described elsewhere.!”

So, is it prudent to proceed without definitive proof?
In answering this question, we stress that we do not
suggest that the standards of proof should be relaxed for
nutrients. Rather, we question whether we need as much
proof of efficacy for a nutrient policy decision as we do
for approval of powerful, expensive, and potentially
dangerous pharmaceutical agents.

We suggest that a solution to this quandary can best
be sought by shifting the decision context from one of
irrefutable proof to one of probable harm. There are
2 ways harm can result from a nutrient policy decision,
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which will need to be evaluated nutrient-by-nutrient.
First, in the absence of conclusive proof, there is the
harm that may flow from making an intake recommendation
about a certain benefit when the relationship postulated is
actually nonexistent. (In the jargon of clinical research, a
type 1 error.) Countering that is the harm that results from
failing to make a recommendation that would actually be
beneficial when the relationship concerned is real but still
not conclusively proven (ie, a form of the type II error).

It is hard to point to an instance of harm from a type I
error for nutrients, perhaps because current nutrient
intake recommendations (once termed “minimum daily
requirements”) tend still, in practice, to be located
toward the low end of the primitive (and often current)
intake range. Examples of the second kind of harm come
more readily to mind, such as the damage done by the
24-year delay (1974-1998) in mandating folate fortification
of cereal grain products in the United States. This has
been calculated” to have resulted in at least 6000 infants
with preventable neural tube defects—a devastating
outcome that, at least for those 6000-plus babies
and their families, was unnecessary and, we submit,
indefensible.

There are 3 levels at which this calculus of benefit
versus harm is operative: (1) What do I choose for my
own intake? (2) What do I recommend to patients or
clients who come seeking my professional advice? And
(3) what should policymakers recommend for the bulk
of therpopulation who, usually without individual
consideration, will nevertheless be affected by a policy
decision? We recognize that EBN operates mainly at this
third level, and it is there that we focus the following
recommendation.

Consider any given nutritional question, for example,
“What is the serum 25(OH)D level during pregnancy that
minimizes the risk of low-birth-weight newborns?” For
such a question, there may be at most one, or perhaps no
level 1 studies. When that is the case, policymakers
should evaluate whether 1 or more RCTs could feasibly
be performed; that is, could a control group be found that
had a vitamin D status comparable to the low end of
the range that now prevails in the population, and,
if found, could supplementation ethically or feasibly be
withheld or withdrawn through the course of such a
study? If the answer to that question is no or probably
not, then policymakers should evaluate the preponderance;
of the now available evidence and come to a tentative
decision with respect to what might seem to be a desirable
intake/status level, That weighing of the evidence should,
manifestly, include not only the anticipated benefit but also
possible harm both from changing and not changing the
intake recommendation (including opportunity cost). A
decision to change, based on the available evidence, is
arguably a better recommendation than the one it would

Nutrition Today® Volume 46+ Number 1> January/February, 2011

replace. As always, the revised recommendation would
itself be subject to change as more complete evidence
becomes available.

To sum up, it is both appropriate and necessary to
make recommendations in the absence of definitive
proof, particularly when it is recognized that not .
changing an existing recommendation is itself a
recommendation. That fact cannot be sidestepped.

With nutrients, the question is always not “whether” but
“how much?”
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[FOOD,

MEDICINE & HEALTH]

by Roger Clemens

Dietary Guidelines May Produce Unintended Health Consequences

he 2010 U.S. Dept. of
TAgriculture Dietary

Guidelines are now pub-
lic. This 445-page document has
many implications for the food
industry, national nutrition pol-
icy, and consumers. Aside from
the obvious major action items
that surround the primary issue
(obesity), the modeling exer-
cises by the Dietary Guidelines
Advisory Committee revealed
many possible unintentional con-
sequences. Inthe absence of
monitoring the American popu-
lation with respectto nutrients

In the absence of monitoring the American population with respect to nutrients of concern,

of concern, compliance with
the guidelines could pose addi-
tional public health challenges.
Within the Nutrient Adequacy
section, the report notes several
food groups and dietary compo-
nents that are underconsumed
and may be low enough to be of
concern. These include vegeta-
bles, fruits, whole grains, milk and
milk products, and oils. Despite
the recommendations presented
inthe 2005 Dietary Guidelines,
scientific evidence indicates that
Americans still do not consume
adequate amounts of these prod-
ucts. For example, among adults
over the age of 50, 75% to 90%
do notmeet the recommended
intake of 2.5-3 cup equiva-
lents of dairy products daily.
_ Evenmore compelling are the
whole grain consumption data,
which indicate that more than 95%
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of the population fails to meet min-
imum requirements. Consistent
with these observations is con-
sumption of dietary fiber; an even
greater percentage of the popula-
tion fails to meet the fundamen-
tal requirement of 14 g/1,000
calories. Milk products, which
contain high quality protein, cal-
cium, potassium, vitamin D, and
vitamin A, are not consumed at
recommended levels. Evidence
indicates that at-risk populations,
such as growing children, con-
sume only about 25% of the
recommended amount of milk.

status may also be a sign of insuf-~
ficient exposure to sunlight.
Considering the dietary goal of
limiting saturated fatty acid intake
to 7% of total calories, and assum-
ing dietary stearic acid is neutral
relative to cardiovascularrisk, as
well as limiting dietary cholesterol
toless than 200 mg (particularly
among those at risk of heart dis-
ease and type 2 diabetes), one of
the shortfall nutrients is choline.
Eggs (~125 mg/fresh egg with yolk)
are a primary source of dietary
choline. If eggs are restricted to
four per week {to minimize satu-

of cropland will be necessary to
meet vegetable production needs
and an additional 4.7 million acres
for fruit production. Thus, total
harvestable cropland would need
toincrease by about 3%, or nearly
320 million acres, a level equiv-
alentto 1997 acreage. Equally
challenging is the production of
fluid milk and milk products. The
2002 data suggestanincrease

of 107.7 billion pounds is needed,
equivalentto a 66% increase in the
number of dairy cows, feed grains,
and grazing acreage. To meet
2015 expectations, a more appro-

compliance with the guidelines could pose additional public health challenges.

Similarly, eventhe intake of
meat, poultry, fish, eggs, soy prod-
ucts, nuts, and seeds is below
recommended amounts among
many females. These foods are
nutrient-rich in protein, heart- and
brain-friendly fatty acids, vita-
mins, and other important
nutrients.

As one would expect, the
consequences of such under-
consumption also represent
a shortfall of numerous nutri-
ents, including vitamins A, C, D,
E, K, and choline, as well as cal-
cium, magnesium, potassium, and
dietary fiber. One could attribute
the low levels of vitamins A and
C, and the other fat-soluble vita-
mins to low intake of vegetables
and fruit. Of course, low intake of
vitamin D and calcium may also
reflect, in part, insufficient milk
intake, while a poor vitamin D

rated fat and cholesterol), the
daily intake of choline (~450-
500 mg/day) may not be achieved.
Inclusion of other choline sources,
such as meat, poultry, and some
starchy vegetables such as pota-
toesis critical. Hence, this is one
of the unintended consequences
that deserve further research.
The Dietary Guidelines also
pose challenges in terms of the
agricultural supply chain. A 2006
reportfrom USDA’s Economic
Research Service (based on
2002 data) indicates that an
additional 8.9 million acres of
cropland are necessary to sup-
portthe guidelines’ vegetable
intake recommendation, and
about 4.1 million more acres are
needed to produce the advised
fruit consumption. Independent
modeling suggests that by 2015
an additional 10.3 million acres

priateincrease is nearly 80%.

The term “aspirational” has
been ascribed to the new dietary
guidelines. This termis applica-
ble to consumer compliance, food
industry challenges, public health
policy harmonization, and agri-
cultural practices. Itis, therefore,
incumbent that all stakeholders,
including nutrition educators, foad
scientists, dietitians and nutri-
tionists, government agencies,
farmers, environmental advo-
cates, and public health palicy
makers, collaborate in developing
a strategic plan for successfully
implementing the new Dietary
Guidelines and reducing the risk
of unintended consequences. FT

Roger Clemens, Dr.2.H.,
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Strict recommendations for an optimal diet are difficult ta support
with evidence-based nutrition science.

was lucky enough to be
appointed as a member of the
2010 Dietary Guidelines
Advisory Committee and write
this article from that perspective.
In the past,  have always been on
the outside looking in on the
Dietary Guidelines process, won-
dering why bigger changes were
never made and why it took five
years to publish a little pamphlet
with broad dictary guidelines. I
now appreciate the amount of effort
it takes to develop and support
dietary guidelines and also appreci-
ate the implications that dietary
guidelines have on federal nutrition
and feeding programs, food prod-
uct developers, and consumers. I
have concluded that making strict
recommendations for optimal
dietary practices is difficult to sup-
port with evidence-based nutrition
science. Scientific insights are con-
tinually evolving, and weighing
sometimes contradictory research
results is a complex process.
Humans have survived on a
wide range of diets, mostly reflect-
ing access to food supply. During
the time of Hippocrates, in the fifth
century B.C., physicians supported
the view that all edible substances
contained aliment, the source of
nourishment. In the 1770s, the
French chemist Lavoisier described

03.11 - www.ift.org

oxidation, fueled by food, launch-
ing the study of metabolism and
nutrition (Harper, 1988). In 1827,
Prout identified three components
of food-— carbohydrates, fats, and
protcins—and suggested getting a
balance of these. Over the next 100
years, amino acids, vitamins, min-
erals, fatty acids, and other essential
components of foods were deter-
mined, and the study of nutrition
science Hourished.

Traditionally, nutrient recom-
mendations were made to prevent
deficiency diseases. In 1941, the
National Academy of Sciences
began issuing Recommended
Dietary Allowances (RDAs), the
quantity of nutrients a person needs
to consume daily to ensure basic
good health, proper growth, and
reproductive success, and to pre-
vent nutrient deficiency discases.
The current nutrition standards for
the United States and Canada are
the 2002 Dietary Reference Intakes
(IOM, 2002). These standards
include the RDA, but also Adequate
Intakes (AI) for nutrients such as
dietary fiber and choline and
Tolerable Upper Level Intake (UL),
estimates of intakes of nutrients
that could cause potential harm.
Nutritional deficiency diseases have
been virtually eliminated in the
U.S., thanks to the enrichment of

refined grains with thiamin, ribo-
flavin, and niacin and the
consumption of fortified foods such
as ready-to-eat breakfast cereals.

A second universally accepted
dietary guideline is to maintain
appropriate body weight by con-
suming only enough food to balance
the amount of energy expended.
This has become much more diffi-
cult as modern life has removed all
needs for physical labor, and tasty
foods are inexpensive and easily
obtainable.

Eating to Stay Heaithy

A paradigm shift occurred in 1977
when the Senate Select Committee
on Nutrition and Human Needs
proposed Dietary Goals for the
United States (the McGovern
Report). These goals were:

1) Increase carbohydrate intake
to account for 55—60% of energy
intake.

2) Reduce fat consumption to
30% of encrgy.

3) Modify the composition
of dietary fat to provide equal
proportions of saturated,
monounsaturated, and
polyunsaturated fatty acids.

4) Reduce cholesterol consump-
tion to 300 mg/day.

5) Reduce sugar consumption
by 40%. »
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Determining the relationship between any dietary components and heaith outcomes
is difficult. Photo copyright@stockphote.com/JohnnyGreig
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6) Reduce salt consumption to
3 g/day.

The committee suggested
that these goals could be met by
increasing the consumption of
fruits, vegetables, whole grains,
poultry, fish, skim milk, and
vegetable oils and by decreas-
ing the consumption of whole
milk, meat, eggs, butterfat, and
foods high in sugar, salt, and fat,

%

In 1980, Nutrition and Your
Health: Dietary Guidelines for
Americans was issued in response
to the public’s desire for authorita-
tive, consistent guidelines on diet
and health. Public Law 101-445,
Section 3, requires publication of
the Dietary Guidelines at least
every five years. They represent
federal nutrition policy established
jointly by the U.S. Dept. of
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Agriculture (USDA) and the Dept.
of Health and Human Services
(HHS). They are designed to pro-
vide science-based advice for ages 2
and older to help prevent chronic
diseases and promote health. They
lay the foundation for federal nutri-
tion programs and nutrition
education programs and serve asa
basis for research gaps and priori-
ties. They are designed to ensure
that messages and materials are
consistent throughout the federal
government and that government
speaks with “one nutrition voice.”

The overall recommendations of
the Dietary Goals have been carried
forward to the Dietary Guidelines.
Since the first edition of the Dietary
Guidelines in 1980, suggestions to
decrease dietary fat, saturated fat,
cholesterol, and salt have always
been part of dietary guidance.
Additionally, suggestions to
increase starch, dietary fiber, whole
grains, and plant foods have found
their way into the guidelines in
some fashion. Some fine-tuning has
occurred over time, with recom-
mendations to remove trans fats
from the diet and specific recom-
mendations for intake of whole
grains.

Dietary recommendations have
always been controversial. Alfred
E. Harper, department chair at the
University of Wisconsin-Madison
during my graduate school years,
spoke and wrote widely of the chal-
lenges of setting dietary guidance
policy. In his paper, “Killer French

Questions on the relationship between dietary exposure and disease outcome are challenging and contentious.

A

Fries: The Misguided Drive to
Improve the American Diet,” he
clearly describes our ways of learn-
ing about nutrient deficiencies and
how such a model does not work for
chronic diseases such as heart dis-
case and cancer (Harper, 1988). He
also points out misinformation in
the early Dietary Guidelines
reports. For example, fruits are
listed as a source of “complex

carbohydrates,” when in reality
they are mostly a source of sugar
and often are poor sources of nutri-
ents including vitamins and
niinerals. The high protein quality
and quantity of animal products has
been lost in our translation of
dietary guidance for public health.
As Harper suggests, clinical advice
to change diet based on the need to
lower serum cholesterol is much
different than public health advice
to suggest that all Americans should
consume plant foods of low protein
quality. He notes that “publications
of this type from federal agencies
carry considerable weight with the
public. To the best of my knowl-
edge, the guidelines were
developed by the staffs of the two
departments and have not been
reviewed by professional nutrition
organizations” (Harper, 1981). In
1983, a Federal Advisory
Committee of nine nutrition scien-
tists selected from outside the
federal government was convened
to review and‘make recommenda-
tions to HHS and USDA. Since that
time, a Dietary Guidelines
Advisory Committee (DGAC) has
been appointed from outside the
government to review the links
between diet and risk for major
chronic discase.

An Evidence-Based Approach
Although the recommendations of
the Dietary Guidelines have not
changed significantly since the
1980s, the development of the

Dietary Guidelines policy has
become more open and science-
based. The 13-member DGAC is
composed of scientists with a broad
range of expertise needed to repre-
sent nutrition, physical activity,
food behavior, and nutritional
changes through the life cycle. The
Advisory Committee meets publi-
cally to agree on questions to
examine in order to set nutrition



policy. These meetings arc open to
the public; public comments are
solicited throughout the process.
The DGAC report is prepared and
presented to the Secretaries of
USDA and HHS, which occurred in
June, 2010. At this point in the pro-
cess, the Advisory Committee is
dismissed and has no other input
into the Dietary Guidelines. USDA
and HHS write the policy docu-
ment, and the Dictary Guidelines
are released, which this year took
place on Jan. 31.

The DGAC works in subcom-
mittees to address questions of diet
and disease risk. Subcommittees
include energy balance, carbohy-
drates and protein, fats, nutrient
adequacy, sodium and fluids, and
food safety. I served as the chair of
the carbohydrate and protein com-
mittee and also served as a member

e R

of the energy balance committee
and the nutrient adequacy
committee.

How exactly do the DGAC and
the subcommittees go about
addressing the agreed-upon ques-
tions on the relationships of diet to
health outcomes? The Hicrarchy of
Evidence used for the 2010
Advisory Committee’s evidence-
based review process is shown in
Figure 1. Strongest evidence-is
found in randomized controlled
trials, preferably double-blinded.
Of course, food studies suffer in
this arena since it is difficult or
impossible to conduct blind food
treatments; subjects know they are
consuming an apple or apple juice.
These types of trials can work with
nutrients, as nutrients can be added
to food or drinks without the
knowledge of the participants or

investigators (double-blind). The
next-strongest studies are prospec-
tive cohort studies, studies where a
group or cohort of subjects are
studied over time. Food frequency
instruments arc used to collect
dictary information before any
diagnosis of disease, making these
studies more reliable than cross-
sectional studies. No case-control
studies, animal research, or in vitro
studies are included in DGAC
review, and typically cross-sec-
tional studies are only included if
no stronger prospective studies are
available for review.

The body of evidence for each
question is then examined, and in
an evidence-based review, conclu-
sions can be deemed strong,
moderate, limited, or lacking data
to support them. There may be
strong evidence that there is no

R
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relationship. For example, there was strong
evidence of no relationship between glycemic
index and discase outcomes.

Agreeing on the strength of the relation-
ship is difficult since, for each question,
different types of studies have been pub-
lished. For each question the 2010 Dictary
Guidelines Advisory Committee addressed in
the evidence-based report, the search crite-
ria, inclusion and exclusion criteria for
studies, the range of dates searched, and
other information used in the review is all
available on the USDA portal. The transpar-
ency used in an evidence-based approach is
designed to minimize bias.

Questions on the relationship between
dietary exposure and disease outcome are
challenging and contentious. I will describe
some of the challenges we faced for two top-
ics, carbohydrates as an example of a
macronutrient and fruits and vegetables as an
example of a food group.

Carbohydrates

In the 2002 Institute of Medicine (IOM)
report, Dietary Reference Intakes for Energy,
Carboh_ydratc, Fiber, Fat, Fatty Acids, Cholesterol,

_ Protein, and Amino Acids, the IOM established a

RDA for carbohydrate of 130 g/day for adults
and children age 1 year and older. This value

" is based on the amount of sugars and starches

required to provide the brain with an ade-
quate supply of glucose. The IOM set an
Acceptable Macronutrient Distribution
Range (AMDR) for carbohydrate of 45—65%
of total calories. The DRI committee con-
cluded that evidence was insufficient to set a
UL for carbohydrates. However, the panel
suggested a maximal intake level of 25% or
less of total calories from added sugars. This
suggestion was based on dietary intake sur-
vey data showing that people with diets at or
above this level of added sugars were more
likely to have poorer intakes of important
essential nutrients.

The amount of dietary carbohydrate that
confers optimal health in humans is unknown
(10M, 2002). Adults should consume
45-65% of their total calories from carbohy-
drates, except for younger children who need
a somewhat higher proportion of fat in their
diets. Vegetables, fruits, whole grains, milk,
and milk products are the major food sources
of carbohydrates. Grains and certain vegeta-
bles including corn and potatoes are rich in
starch, while sweet potatoes are mostly

sucrose, not starch. Fruits and dark green
vegetables contain little or no starch. Regular
soft drinks, sugar/sweets, sweetened grains,
and regular fruitades/drinks comprise 72%
of the intake of added sugar (Marriott etal.,
2010).

Marriott ct al. examined the intake of
added sugars and selected nutrients from
2003—2006 National Health and Nutrition
Examination Survey (NHANES) data.
Thirteen percent of the population had added
sugars intake of more than 25% of calories.
The predominant issue of concern for the
authors was the overall high calorie and low
quality of the U.S. diet, not added sugars.

Fruits and Vegetables

Historically, consumption of certain plant
foods, fruits, vegetables, and legumes was
thought to prevent or cure ailments ranging
from headaches to heart disease (Steinmetz
and Potter, 1996). Early medicine revolved
around the prescription of specific foods for
certain disorders. Many of these plant foods
arc also high in dietary fiber and phytoestro-
gens, so often the hypotheses were driven by
fiber, carotenoids, phytoestrogens, or other
plant chemicals. Of course, determining the
relationship between any dietary component
and health outcomes is difficult since diet is a
complicated exposure; each day we eat a vari-
ety of foods and nutrients, and the ability to
link any particular food or nutrient to a
health or disease outcome is limited.

In epidemiologic studies, it is possible to
count number of servings of fruits and vege-
tables consumed daily. Of course, fruits and
vegetables consumed vary greatly in nutrient
composition and calories per serving. The
earliest definition of a fruit was “any plant
used as food,” and a vegetable was a “plant, as
opposcd to an animal or inanimate object”
(Smith ct al., 1995). In the 18th century,
botanical definitions were standardized, and
the definition of a fruit was based on its anat-
omy, whereas that of a vegetable was based
on culinary usage. Generally, culinary cus-
tom dictates which plant foods are considered
vegetables or fruits. A drawback of using
culinary definition is the misclassification of
botanical fruits such as squash, tomatoes, and
mature beans, which, from a culinary per-
spective, are considered vegetables.

Within cach category, other classifica-
tions can be used. For example, for
vegetables, raw, cooked, canned, pickled,



leafy green, and legumes arc often
examined. Fruits and vegetables
have also been described as part of a
phytochemical group—for exam-
ple, carotenoids, vitamin C, or
folate (Smith et al., 1995).

Earlier reviews that included.
cross-sectional studies found stron-
ger support for the consumption of
fruits and vegetables and discase
prevention. Steinmetz and Potter
(1996) concluded that the scientific
evidence regarding a role for vegeta-
ble and fruit consumption in cancer
prevention is generally consistent
and supportive of current dietary
recommendations. Yet Hung et al.
(2004), using data from the Nurses’
Health and Health Professionals
cohort studies, concluded that
increased fruit and vegetable con-
sumption was associated with a
modest, although not statistically
significant, reduction in the devel-
opment of major chronic disease.
Smith-Warner et al. (2001) exam-
ined data from eight prospective
studies of breast cancer and intake
of fruits and vegetables. No associa-
tion was found for total fruits, total
vegetables, or total fruits and vege-
tables. No additional bencfit was

found in comparisons of the highest
and lowest deciles of intake.
Additionally, no associations were
observed for green leafy vegetables,
eight botanical groups, and 17 spe-
cific fruits and vegetables. They
conclude that fruit and vegetable
consumption during adulthood is
not signiﬁcantly associated with
reduced breast cancer risk.

More recent reviews of fruits,
vegetables, and other discases are
also less positive on a role between
intake of fruits and vegetables and
discase protection. Dauchet et al.
(2009) suggests that evidence that
fruit and vegetable consumption
reduces risk of cardiovascular dis-

-ease remains scarce thus far. They

agree that under rigorous con-
trolled experimental conditions,
fruit and vegetable consumption is
associated with decreased blood
pressure. Little experimental data
exist that fruit and/or vegetable
consumption affect blood lipids or
other cardiovascular risk factors.
In a population-based cohort
study in the Netherlands, higher
consumption of fruit and vegetables,
whether consumed raw or pro-
cessed, was protective against

domized

Controlied Trials
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coronary heart disease (CHD) inci-
dence (Oude Griep ctal., 2010).
The risk of CHD incidence was
34% lower for participants with a
high intake of total fruit and vegeta-
bles (>475 g/day) compared with
participants with a low total fruit
and vegetable consumption

(<241 g/day).

A systematic review and meta-
analysis of fruit and vegetable intake
and incidence of type 2 diabetes
included six studies, four of which
provided scparate information on
the consumption of green leafy veg-
etables (Carter et al., 2010). No
significant benefits on incidence of
type 2 diabetes were found with
increased consumption of vegeta-
bles, fruit, or fruit and vegetables
combined. Hamidi et al. (2010)
systematically reviewed observa-
tional and intervention studies that
investigated the effects of fruit and
vegetable intake on incidence of
osteoporotic fractures, bone min-
eral density, and bone turnover
markers in women age 45 years and
older. They concluded that, based
on limited evidence, the benefits of
fruit and vegetable intake on bone
health remain unclear. »

.- - Figure 1. The Hierarchy of Evidence Used.
forthe 2016 Dietary Guidelines Advisory

* Committee’s Evidence-Based Review -
. - Process. :
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Although dietary guidance encourages consumption of fruits and vegetables, recent
research has been less positive than earlier studies on the role between fruits and
vegetables and disease prevention.

Photo by Peqqy Greb, courtesy of USDA's Agricultural Research Service

Fruits, vegetables, and legumes
vary widely in nutrient content so
should not be expected to have sim-
ilar physiological effects. Although
dietary guidancc is supportive ofa
more vegetarian eating pattern,
including increased servings of
fruits and vegetables, the scientific
support for these recommendations
is more historical than evidence- .
based. Prospective cohort studies
find weak support for the protec-
tiveness of fruits and vegetables
against chronic diseascs.
Additionally, few randomized con-
trolled trials are published on the
addition of fruits and vegetables to
the diet and changes in biomarkers
or health status. Nutrients in fruits
and vegetables such as dietary fiber,
vitamins, mincrals, and phytochem-
icals are all biologically plausible as
mechanisms whereby fruits and
vegetables play a role in health.

Few people notice that fruits
and vegetables, especially fresh, are
not high in fiber. With the public
health message to combat obesity
with lower calorie intakes, foods
devoid of protein, such as fruits,
will need to be considered for their
nutrient density. Articles similar to
one by Weichselbaum (2008}, sug-
gesting that fruit makes us fat, as
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well as negative feelings about car-
bohydrates in general may temper
enthusiasm for fruit consumption.

Challenges in Evaluating Diet
and Disease Relationships
Inconsistencies in the DGAC report
exist, often because of differences
in inclusion criteria for studies. For
example, limited evidence was
found for a relationship between
intake of sugar-sweetened bever-
ages and body weight in adults in
the carbohydrate chapter, where
cross-sectional studies were
excluded. In contrast, strong evi-
dence was found between intake of
sugar-sweetened beverages and
body weight invchildren when
cross-sectional studies were
included in the review conducted in
the energy balance committee.
Issues with contradictory evi-
dence in the DGAC 2010 report
were reviewed by Hite et »aI.
(2010). They suggest that the
report does not provide suthcient
evidence to conclude that increases
in whole grain and fiber and
decreases in dietary saturated fat,
salt, and animal protein will lead to
positive health outcomes. They
state that lack of supporting evi-
dence limits the value of the
proposed recommendations as
guidance for consumers or as the
basis for public health policy. They
suggest that it is time to reexamine
how U.S. dietary guidelines are
created and ask whether the cur-
rent process is still appropriate for
our needs. Their support of lower
carbohydrate intakes, a view shared
by many of the public comments to
the DGAC, is definitely an area
needing more discussion for the
2015 Dietary Guidelines.

The Dietary Guidelines

and Our Health

Does adherence to the Dietary
Guidelines makes us health-

ier? This question is generally
answered by cynical comments
that no one adheres to the Dictary
Guidelines anyway so it doesn’t

matter. Intervention studies,
where diets following the Dietary
Guidelines are fed long-term to
human volunteers, do not exist.
Generally, adherence to the
Dietary Guidelines is measured
in epidemiologic studics by deter-
mining a healthy eating index
(HEI), a measure of adherence to
the diet recommendations of the
Dictary Guidelines. McCullough
et al. (2000) found that the HEI
was only weakly associated with
risk of major chronic disease.
Zemora et al. (2010) determined
the relationship between weight
gain among black and white
young adults in the Coronary
Artery Risk Development in

‘Young Adults (CARDIA) study

(1985-2005). The authors cre-
ated a 100 point Diet Quality
Index. They concluded that their
findings do not support the hypoth-
esis that a diet consistent with

the 2005 Dietary Guidelines
benefits long-term weight mainte-
nance in young adults in America.
They suggest the need for atten-
tion to obesity prevention in
future Dietary Guidelines.

In the 1973 Woody Allen movie
Sleeper, a patient who has been cryo-
genically frozen and wakes up 200
years later asks for “charmed foods”
including wheat germ, organic
honey, and tiger’s milk for break-
fast. Why not deep fat, steak,
cream pies, and hot fudge, asks the
nurse. “Those foods were thought
to be unhealthy” says the doctor,
“precisely the opposite of what we
know to be true.” It is unlikely that
the 2015 Dietary Guidelines will
include the Sleeper dietary recom-
mendations, but nutrition science
demands that moderation and vari-
ety continue to be the guiding
principles of nutrition advice.

Efforts to micromanage the diet
by imposing strict dictary rules are
difficult to support with evidence-
based nutrition science. We cat
foods, not nutrients, and cultural
norms and traditions must be con-
sidered when determining dietary



guidance. Professor Harper’s
final advice is this: “A federally
supported nutrition education
program based on established
knowledge that would help to
teach people what sound nutri-
tion practices are and more

particularly what can, and what

cannot, be expected from fol-

lowing such practices, would be

of infinitely more value to the
general public than a set of rec-
ommendations for nutrition
treatment of chronic diseases
based on fear of food and fear

for health and proposed on the
basis of highly selected informa-
tion under the guise of dietary
goals” (Harper, 1978). More
than 30 years later, his advice
rings just as true. FT

Joanne Slavin, Ph.D., R.0., 0

Professtonal Member of IFT and a

Science Communicator for IFT, is Professor,
Dept. of Food Science and Nutrition,
University of Minnesata, 1334 Eckles Ave.,
St. Paul, MN 55108 (jslavin@umin.edu).
She was a member of the 2010 Dietary
Guidelines Advisory Committee.
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