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Abstract

Chronic norcommunicable diseases affect a large proportion of the population and are
associated with significant morbidity, mortality, and social and economic impact. Large cohort and
modelling studies estimate that a substantial proportion of these dioth can be attributed to
dietary habits. Clinicians, guideline developers, policymakers, and researchers use systematic
reviews that address the relationship between dietary exposures and health outcomes to advise
the public on optimal dietary habits, fimulate recommendations and policies, and plan future
research. A growing body of evidence, however, suggests that there are serious problems with
current methods for evidence synthesis and evaluation in nutrition, examples of which include
overreliance onexpert opinion and consensus, failure to follow standard systematic review
methods, and the application of inconsistent criteria for the assessment of the certainty of
evidence. These issues have led to ineffective (at best) or harmful (at worst) dietary
recommendations and policies and the proliferation of research that cannot be confidently
applied to guide dietary decisions. The objective of this thesisddtance methods for evidence
synthesis and evaluation in nutrition. The thesis begins by réngeaontemporary challenges in
evidence synthesis and evaluation for dietary guideline developmento#adng novel insight on
opportunities for future improvement. The thesis subsequently provides a descriptive analysis of
limitations of recently publised systematic reviews and metmalyses of nutritional
epidemiology studies. This thesis then presents two systematic reviews andamafigses
addressing the health effects of red and processed meat consumption that serve as examples of
the application érigorous systematic review methods in nutrition. This thesis ends by describing

opportunities and challenges for future evidence synthesis and evaluation in nutrition.
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CHAPTER 1: INTRODUCTION TO THE THESIS
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Chronic norcommunicable diseasedfect a large proportion of the population and are
associated with significant morbiditgnortality, and social and economic impdt). Large

cohort and modelling studies estimate that a substantial proportion of these conditions can be
attributed to dietary habitg1, 2) Clinicians, guideline developers, policymakers, and researchers
use systematic reviewbat address the relationship between dietary exposures and health
outcomesto advisethe publicon optimal dietary habits, formulate recommendations and
policies, and plan futureesearch(3-5). A growing body of evidence, however, suggests that
there are serious problems in curremtethods forevidence synthesis and evaluation in nutrition
(6-10). These issues include tfaslure to conduct comprehensive literature reviews

overreliance on nomandomized evidence and expert opiniatisregard of important biases

(e.g. biases due to confounding, measurement of the exposuresaledtive reporting)andthe
application of inconsistentriteriato evaluatethe certainty ofevidence These issues have
produced conflicting, and often controversial, dietary recommendatiomsany of which have
likely been inefficaciousand have led to the proliferation of research that is too low certainty

to be confidently applied to guide dietary recorendations and policie@, 1115).

The objective of this thesiis to advance methods for evidence synthesis and evaluation in

nutrition to better inform dietary guidance, policy decisions, and nutrition research.

Chapter 2of this thesisaddressesontemporarychallengesn evidence synthesis and evaluation
for the purpose of dietary guideline developmenthighlight limitations of current practices
issues that have led to the development of conflicting and ineffective recommendations and

policiez and offers valuable insight on opportunities for future improvernen
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Chapter 3is a crosssectional descriptive analysis of the characteristics and quafldysample of
recently published systematic reviews and matalyses of nutritional epidemiology studies.
We show that reviews of nutritional epidemiology studadten have serious limitations that

compromise their credibility.

Chapters 4 and are two systematic reviews that were used to inform dietary guideloresed
and processed meat consumptigb6). The first of theseeviewssummarizethe evidencerom
55 cohort studies, including over four million participants, addresiagelationship between
red and processed meaind altcause mortality and adverse cardiometabolic outcormdse
second revievsummarizes the evidence frof® cohort studiesinduding oversixmillion
participants, addressing the relationship betwegaiterns ofred and processed meat
consumption and the risk of adverse health outcomEsese reviews serve as examples of the
application of rigorous systematic review methods itrition and overcome the common

limitations of reviews of nutritional epidemiology studies that we describe in chapter 3.

Chapter 6summarizes key insights and implications from chapters 2 to 4, highlights strengths

and limitations, and reflects on oppanities and challenges for future research in nutrition.
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Abstract

Dietary guidelines and recommendations, usually developed by government
bodies or large authoritative organizations, have major downstream effects
on public policy. A growing body of evidence supports the notion that there
are serious deficiencies in the methods used to develop dietary guidelines.
Such deficiencies include the failure to access or conduct comprehensive
systematic reviews, a lack of systematic or rigorous evaluation of the qual-
ity of the evidence, a failure to acknowledge the limitations of the evidence
base underlying recommendations, and insufficiently stringent management
of conflicts of interest. These issues may be addressed by adhering to inter-
national standards for guideline development, including adopting system-
atic review methodology and using rigorous systems to evaluate the cer-
tainty of the evidence and to move from evidence to recommendations, of

which the GRADE approach (Grading of Recommendations Assessment,

t
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Development and Evaluation)is the most rigorous and fully developed. Improving the methods by
which dietary guidelines are produced has considerable potential to substantially improve public
policy decision-making.
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INTRODUCTION

Decision-making about public policy on nutrition should be based on the best evidence and
be aligned with public values and preferences. One of the primary ways in which public policy
decision-making about nutrition occurs is through the development of dietary guidelines and
recommendations by government bodies and authoritative organizations. These guidelines have
major downstream effects and are used to inform policies on agriculture, food assistance pro-
grams, and nutrition in schools, prisons, hospitals, and nursing homes, in addition to influencing
recommendations from health-care professionals and health messaging in the media (100).
Evidence indicates that there are inconsistencies and limitations in the methods used to develop
dietary guidelines, with subsequent adverse impacts on nutrition public policy (16, 27, 65, 87,
100). This paper addresses issues and challenges in developing dietary guidelines and discusses the
implications of these issues for public policy on nutriion. We begin by describing how govern-
ments and organizations develop and use dietary guidelines to make public policy decisions about
nutrition. We then discuss important issues in developing dietary guidelines, including the merits
and limitations of the most common types of evidence used to inform dietary guidelines; issues
related to evaluating the certainty of evidence and moving from evidence to recommendations;
additional considerations such as equity, environmental impact, and feasibility that may need to be
examined when developing recommendations; the engagement of consumers and stakeholders;
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and the management of conflicts of interest. Finally, we describe how limitations in dietary guide-
lines and recommendations can lead to ineffective and harmful public policy on nutrition.

HOW DO GOVERNMENTS AND ORGANIZATIONS DEVELOP DIETARY
GUIDELINES AND TO WHAT EXTENT DO GUIDELINES AFFECT
PUBLIC POLICY ON NUTRITION?

In most settings, dietary guidelines are produced by governments and authoritative organizations.
These guidelines subsequently have major downstream policy effects (100). In the United States,
legislation mandates that the United States Department of Agriculture (USDA) and the Depart-
ment of Health and Human Services (DHHS) publish a new version of dietary guidelines every
Syears (Pub.L.No.101-445, 101 U.S.C.). The most recent version of the guidelines was published
in 2015 (109). The development of the United States Dictary Guidelines for Americans (DGA) is
done in three stages: (7) review of the evidence; (#7) development of recommendations; and (777) im-
plementation of the guidelines. In the first stage, nominations from the public inform the selection
of a Dietary Guidelines Advisory Committee (DGAC). The offices of the USDA and DHHS re-
view the nominations and select the DGAC members. The 15 members of the 2015 DGAC were
prominent researchers in the fields of nutrition, health, and medicine. The role of the DGAC is
to provide advice and recommendations to the federal government regarding the current state of
scientific evidence on nutrition and health. The committee formulates research questions and ei-
ther uses existing reviews and reports or commissions additional reviews to address the questions.
The evidence compiled by the DGAC is used in the second stage by the DHHS and USDA to
develop recommendations. These recommendations are developed independently of the DGAC.
A consequence of this is that recommendations may be more political and may not be completely
aligned with the conclusions drawn in the DGAC’s report. The public is subsequently invited to
review and comment on drafts of the DGAC’s report and the recommendations. The DGA and
DGACs report are revised based on feedback and, in the third stage, the recommendations are
implemented through policies and programs and the distribution of nutrition education materials
for the public. The DGA is endorsed by many government programs, including, among others,
MyPlate (a nutrition guide depicting recommendations for the ratio in which different food groups
should be consumed), the Women, Infants, and Children (WIC) program (a federal nutrition as-
sistance program for pregnant women and mothers of young children that offers vouchers that
can be used to purchase preapproved foods), and the National School Lunch Program (a federally
assisted meal program operating in public schools).

Other countries typically follow a similar process to develop dietary recommendations. Unlike
in the United States, the periodic review of research evidence and revision of dietary guidelines are
not legislated in most other countries (30). For example, Canada’s national dietary guidelines, Fat-
ing Well with Canada’s Food Guide, are updated only if there is an identified need to revise guidelines
(23, 40). In almost all countries, recommendations are formulated through a consensus process led
by working groups or committees after a review of the evidence, which is completed with vari-
able rigor (16). Unlike the United States, most countries do not develop de novo reviews of the
evidence, instead relying on published reviews and reports (16). A minority of countries involve
consumers through consultations or workshops to further discuss recommendations (16). Irre-
spective of the process, dietary guidelines have downstream effects on government policies and
programs and on health messaging (100). However, the extent of the impact of these guidelines
on various policies can vary based on the setting.

The World Health Organization’s International Agency for Research on Cancer (IARC) is
an example of an authoritative organization that provides guidance for governments in making
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Observational
studies: studies that
do not involve the
random allocation of
participants to
interventions by an
investigator

Systematic review:
a search for and
summary of the
evidence thar
addresses a research
question using a
transparent and
reproducible method

Randomized
controlled trials
(RCTs): RCT assign
participants at random
to alternative
interventions and thus
produce balance
between trial arms in
both known and
unknown prognostic
factors
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decisions about public policy. The mandate of the JARC is to provide government authorities
with scientific opinions on carcinogens. It does this by publishing monographs on the association
between various agents and cancers. While the JARC does not specifically focus on diet, it has in-
vestigated dietary factors (45, 46, 63), and its most striking and controversial opinion was its classi-
ficationin 2015 ofred meat as probably carcinogenic and processed meat as carcinogenic (33, 110).

To lead the development of its monographs, the IARC assembles a working group composed
of scientific experts, who are reportedly without conflicts of interest, to provide an overview
of the relevant research evidence. After reviewing the evidence, the working group meets and
makes decisions through a consensus-based approach. A summary of the decision and process is
published shortly after the meeting, and the full monograph is usually published within 6 months.
The monograph on red meat and processed meat, however, remained unpublished until 3 years
after the meeting (46).

WHAT EVIDENCE IS USED IN DEVELOPING DIETARY GUIDELINES?

Evidence informing dietary guidelines and recommendations most often comes from randomized
trials and observational studies that attempt to establish causal relationships between dietary expo-
sures and health outcomes. Guideline developers may also consider evidence from experimental
animal and mechanistic studies, as does the JARC. However, this evidence is severely limited in
establishing causal relationships between dietary exposures and health outcomes and, hence, is
usually used only to support evidence from randomized trials and observational studies. We now
look in detail at the merits and limitations of randomized trials and observational studies and de-
scribe considerations in assessing their overall quality and ability to provide evidence supporting a
causal relationship between nutritional exposures and health outcomes. We also review the impor-
tance of basing dietary guidelines and recommendations and public policy decisions on systematic
reviews of the evidence.

Randomized Controlled Trials

Randomized controlled trials (RCT5) assign participants at random to alternative interventions
and thus produce balance between trial arms in both known and unknown prognostic factors.
Because they safeguard against potential imbalances in prognostic factors, RCTs have the poten-
tal to provide higher-certainty evidence of causation. Unfortunately, however, conducting rig-
orous RCTs with high applicability in nutrition poses enormous challenges (41, 91, 105). Trials
of nutritional supplements typically pose the same challenges as trials of most pharmacological
interventions. Hence, in this article we primarily focus on trials of dietary interventions.
Typically, rigorous dietary trials must possess the same characteristics as rigorous trials in other
fields. To ensure prognostic balance between arms, all RC'T5, including dietary RC'Ts, must conceal
randomization—that s, prior to randomization, the person enrolling participants must be unaware
of the arm to which each participant will be allocated. Thhis is best operationalized by using central
allocation through a computer or telephone. However, dietary trials are also subject to additional
challenges in controlling bias, particularly in relation to blinding, which is achieved when study
participants, clinicians, data collectors, and those adjudicating outcomes are all unaware of the arm
to which participants are assigned in the trial. Blinding safeguards against vulnerability to placebo
effects (those assigned to an intervention may do better not because of the biological effects of
the intervention, but because of their belief in its merits), cointerventions (those exposed to the
target intervention receive other beneficial treatments that control groups do not or vice versa),
and bias in the measurement and adjudication of outcomes (personnel measuring and adjudicating
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outcomes may favor one intervention over another). Blinding of study participantsin dietary RC'Ts
is, of course, not possible. People will always be aware of what they are eating. Blinding of those
collecting health outcome data and adjudicating outcomes is, however, almost always possible. By
contrast, and similar to most pharmacological trials, blinding of study participants, data collectors,
and outcome adjudicators is almost always possible for trials of nutridonal supplements.

We may be misled not only by bias in dietary trials but also by random error resulting from
small sample sizes and small numbers of outcome events. This is a particular problem in studies of
nutritional exposures in which effect sizes may be smaller than those of pharmacological or surgical
interventions, thus increasing the number of participants required (99). Furthermore, one would
anticipate that the effects of most nutritional exposures on important health outcomes will occur
only after prolonged exposure, necessitating studies of long duration to ensure adequate exposure.
Such long trials impose a significant burden on participants, are costly to conduct, and are subject
to another serious source of bias: the loss of participants to follow-up (i.e., missing outcome data)
(55). To address the need for long follow-up, RC'Ts may choose to focus on surrogate outcomes
(see, e.g., 28). Unfortunately, there are a myriad of examples of interventions with apparently
salutary effects on surrogates but no effect—or even detrimental effects—on outcomes important
to patients and the public (11, 20). Hence, dietary RCT5 focusing on surrogate outcomes usually
provide only poor-quality evidence on outcomes of critical importance, such as mortality and
major morbidity.

A final challenge for dietary RC'T5 is that participants often do not adhere closely to the diet
to which they are assigned, and adherence may diminish over time (91, 101). This reduces dif-
ferences in diet between trial arms, further reducing the size of a possible effect and increasing
the number of participants required and, to the extent that one is interested in a comparison
of the diets as prescribed, reducing the applicability of the results. While a lack of compliance
with the intervention may be a sign that the intervention is not tolerable, it does not necessarily
mean that the intervention will be completely ineffective if implemented. Although participants
may not adhere to a dietary pattern within a trial, they may adhere to the dietary pattern if widely
promoted by physicians, governments, the food industry, and the media, as was the case with the
low-fat diet that became widespread in much of the latter half of the twentieth century (64). Ad-
ditionally, even low levels of adherence across many individuals can have a large impact on health
outcomes across a population.

Despite these formidable obstacles, there is reason to persist with the conduct of dietary RC'T5,
the most compelling of which may be (as we will show) that observational studies are unlikely to
provide high-quality evidence regarding dietary impact on outcomes important to patients. ‘Tri-
alists may be able to ultimately offer high-quality evidence regarding the health effects of various
dietary patterns if they ensure concealed randomization and blind adjudication of outcomes, im-
plement strategies to optimize adherence to assigned diets, minimize loss to follow-up, and enroll
large numbers of participants and follow them for a long enough duration so that it can be reason-
ably expected that the outcome will be impacted by the intervention (usually a decade or longer for
outcomes important to the population, such as all-cause mortality and cardiovascular and cancer
events). Although the cost of such RCTs will be high, one might argue—as some have—that they
will nevertheless prove cost effective in comparison to the hundreds of conflicting and misleading
observational studies published every year (48, 105).

Observational Studies

Unlike RCTs, observational studies provide evidence on the health effects of dietary exposures
when they are self-selected. Hence, adherence, which is a major difficulty with conducting RCTs

www.ennudreviews.org « Dietary Guideline Development

11

231



Annu. Rev. Nutr. 2019.39:227-247. Downloaded from www.annualreviews.org
Access provided by McMaster University on 02/24/20. For personal use only.

Ph.D. Thesis Dena Zeratkar, McMaster University, Health Research Methodology

in nutrition, is not an issue. Unfortunately, observational studies have other problems, which we
enumerate, making strong causal inferences unlikely.

The first limitation of observational studies in nutrition, and perhaps the most important, is
dietary measurement. Typically, nutritional epidemiology studies measure diet by using a food
frequency questionnaire (FFQ). FFQs query participants’ usual frequency and quantity of con-
sumption of a list of foods and beverages. Memory-based dietary assessments are prone to both

FFQ: food frequency

questionnaire

NHANES: National
Health and Nutrition

Exanitnation Susvey random and systematic error because people are not good at recalling or quantfying their diet

(5). For example, the National Health and Nutriion Examination Survey (NHANES) used the

Confounding: 24-hour recall method to measure diet, which requires participants to recall their diets during

confounding occurs

e e a 24-hour period. However, two out of three participants in the NHANES reported an amount

effect of an exposure of energy intake incompatible with life (5, 47). Authors of such observational studies often ar-
On an outcome is gue that their memory-based dietary assessments, be they based on FFQs or 24-hour recall, have
biased due to been adequately validated. ‘Typically, however, these memory-based dietary assessments are tested

differences in risk
factors between
exposure groups

against other methods that also have important limitations. For example, FFQs are often validated
against 24-hour recall, which is also prone to error, as the NHANES experience illustrates (see,
e.g., 17, 98). Furthermore, methods for validation are diverse, and no consistent criteria are used
in the literature to assess whether dietary assessment methods are adequately valid and reliable,
and investigators have yet to reach a consensus on a gold standard for dietary measurement. An
additional issue in dietary measurement is its timing. Even if dietary measurement is accurate at
one point in time, if measured years before the onset of the disease under study (as is often the
case), the measure may not capture participants’ eating patterns through the key period of expo-
sure (see, e.g., 56, 58, 102). Thus, without periodic dietary assessment, changes in diet over time
may inaccurately depict diet-disease associations.

The next threat to trustworthy causal inference from observational studies is one that is not
at all specific to the field of nutriion. RCT5 provide stronger evidence than observational stud-
ies because if they are sufficiently large, they ensure that prognostic factors such as age, sex, and
comorbidities—whether known or unknown, measured or unmeasured—are similarly distributed
between trial arms. Observational studies offer no such assurance. Indeed, when, as in dietary ob-
servational studies, participants’ preferences or food availability and access are the primary deter-
minants of exposure, prognosis will almost certainly differ substantially among groups, a situation
we refer to as confounding. Confounding occurs when the estimated effect of an exposure on
an outcome is biased due to differences in risk factors of the outcome between exposure groups.
Investigators deal with this issue by conducting adjusted analyses, primarily through regression
models, which, in principle, create prognostically homogeneous groups (1). The problem that re-
mains, however, is that adjusted analyses will yield unbiased results only if all important prognostic
factors are known and measured accurately; when that is not the case, prognostic imbalance will
persist. The risk of disease associated with a particular dietary exposure may also be influenced by
the presence of other risk factors, many of which might be unknown and, hence, uncontrolled in
studies of free-living populations.

Were residual confounding not a problem, RC'Ts and optimally conducted observational stud-
ies would yield similar results, and some have argued that in most instances, at least in nutrition,
they do (4, 91). That may be the case, but the problem remains that in any instance, prior to
evidence from RCT5, we do not know whether we are dealing with one of the majority of situa-
tions in which results from an RCT will confirm those of observational studies or the minority in
which they will not. Indeed, many examples exist of the failure of RC'T5 to replicate the results of
observational studies (38, 60, 111, 112).

A final problem with evidence from observational studies is the potential for selective re-
porting and publication bias. Publication bias in nutrition is likely common, primarily due to
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the overabundance of data that can be used to correlate many exposures with many outcomes
and so dredge the data for interesting findings (47). Safeguards against such practices, such as
registration of observational studies, do not exist. Even when there are published protocols of

; ; 5 ; ; ; Meta-analysis:
observational studies, authors rarely prespecify exposure—outcome relationships of interest. .

: 5 e g  astatistical technique
Despite the myriad of limitations of observational studies, we may be more certain of their 1o pool results from

findings in three uncommon situations (36). First, when observed effect sizes are large, we can  separate studies
be more confident that the effect can be attributed to the intervention or exposure of interest. In ~ investigating the same
such cases, residual confounding is less likely to explain the association. However, if the large effect  ©F simiitar r,eseard:i
size comes from a study with methodological limitations (i.e., those that do not comprehensively g‘;:;':j(::;;vlet ma
or accurately and periodically measure prognostic factors and the exposure of interest, accurately  across srudies
measure the target outcomes, minimize missing outcome data, and conduct appropriate adjusted
analyses according to a prespecified and publicly accessible protocol), the large effect size may
represent a large overestimate. Typically, our confidence in the findings of observational studies
is increased when the effect estimate on the relative risk scale is less than 0.5 or greater than 2
36).
Second, the presence of a dose-response gradient has long been recognized as an important
criterion for supporting a causal relationship (93). Although dose-response relationships may in-
crease our certainty about the findings of observational studies, they will mislead us when dose-
dependent confounding exists. For instance, an apparent dose-response relationship between an
exposure of interest (e.g., processed meat) and a health outcome (e.g., mortality from cardiovas-
cular disease) may be confounded with another variable that is also correlated with the exposure
(e.g., salt). Due to dense correlation networks among nutritional exposures, dose-response rela-
tonships may strengthen causal inferences to a lesser extent in nutrition than in in other fields.
Finally, occasionally all plausible confounders and biases from observational studies will re-
sult in an underestimation of an apparent effect. This situation is unlikely to occur in nutritional
epidemiology because all plausible confounders and their directions of bias are only rarely un-
derstood with a high degree of confidence (83). Since we almost never see strong associations in
nutritional studies, dose-response relationships provide only modest additional reassurance, and
because we are rarely aware of all of the important confounding factors with certainty, seldom will
we be able to make causal inferences from observational studies with high certainty.
Unfortunately, dietary guidelines have placed too heavy of an emphasis on the findings of ob-
servational studies without appropriately acknowledging their limitations, as we will show (39,
100). While observational evidence may also be supported by other lines of evidence, such as in
vitro biochemical studies and animal experiments, the certainty of evidence from such sources is
also severely limited and cannot be used to surmount the inherent limitations of observational
studies (49, 84, 85).

Systematic Reviews

Standards for developing trustworthy guideline recommendations suggest the need for compre-
hensive systematic reviews of the evidence (7, 19, 54, 80). A systematic review is a search for and
summary of the evidence that addresses a research question using a transparent and reproducible
method. It is often, but not always, accompanied by a meta-analysis, which is a statistical method
for pooling results from different studies to provide a single effect estimate for each outcome of
interest. Systematic reviews have several advantages compared with single studies. Single studies,
as well as reviews of the evidence without a systematic search and objective eligibility criteria,
are liable to be unrepresentative of the total body of evidence and, thus, can be misleading. Also,
single studies may not be adequately powered to detect important effects. This is especially true in
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CRITERIA FOR RIGOROUS SYSTEMATIC REVIEWS AND META-ANALYSES

Rigorous systematic reviews and meta-analyses should:

explicitly address a sensible research question
conduct an exhaustive and reproducible search to select relevant studies

use appropriate statistical methods to pool results from primary studies

| }
[
m assess the risk of bias using appropriate criteria
[
[}

conduct an evaluation of the overall quality of evidence

NAS: US National

Academies of Sciences,

Engineering, and
Medicine
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nutrition, where effect sizes are usually small (99). Compared with single studies, systematic re-
viewsinclude a greater range of study participants and so have greater external validity. The sidebar
Criteria for Rigorous Systematic Reviews and Meta-Analyses presents the relevant criteria (74).

Unfortunately, many dietary recommendations are not based on systematic reviews or are based
on systematic reviews that are not methodologically rigorous. In a review of guidelines on sugar
intake, Erickson and colleagues (27) found that in four of nine guidelines, systematic searches
for relevant studies to inform recommendations had not been conducted. Blake and colleagues
(16) found that less than 20% of national dietary guidelines were based on systematic reviews.
The US National Academies of Sciences, Engineering, and Medicine (NAS) has published two
reports critiquing the process used to develop the DGA (77, 78). The reports identified important
deficiencies in the systematic review processes and called for increased adherence to standardized
processes and methods for evidence synthesis. The 2015 DGAC did not use systematic reviews
for approximately half of its research questions, instead choosing to rely on unsystematic reports
prepared by third-party organizations and ad hoc examinations of the evidence by experts (25). For
example, the DGAC based recommendations for low-carbohydrate diets on what they referred to
as “exploratory scarches” rather than systematic reviews (25, p. 186). Furthermore, the DGAC
undertook very few meta-analyses, instead choosing to use what they referred to as “qualitative
synthesis” in order to identify “Key Trends” in the evidence (25, p.35). Such an approach does not
consider the magnitude of effect (important because very small effects may not warrant changes in
dictary behavior), the precision of estimates, or the extent of inconsistency in the results of primary
studies. Both imprecision and inconsistency represent important considerations in determining
the certainty of evidence (37).

Although the IARC states that it conducts a review of the evidence, details of the search strat-
egy and eligibility criteria are not reported in its monographs, raising concerns that rather than
conducting a systematic search, the working group identifies relevant studies based on their expe-
rience and prior knowledge of the field. The apparent failure to conduct a comprehensive review
may explain why the IARC report on red and processed meats did not include two key studies: the
Women’s Health Initiative Dietary Modification (WHI-DM) trial and the Polyp Prevention Trial
(14, 92). The WHI-DM trial randomized nearly 49,000 participants to either a low-fat diet or
their usual diet. The low-fat dietary intervention arm reduced the intake of red meat by 20% (14).
The Polyp Prevention Trial tested a similar low-fat, high-fiber dietary intervention in more than
2,000 participants and found a statistically significant decreased intake of red and processed meats
in the intervention group (92). Furthermore, although the IARC states that it critically reviews
the evidence, it does not provide explicit judgments regarding the risk of bias in each study (46).
Without an appropriate assessment of the risk of bias, conflicting results from studies of varying
quality may be inappropriately given equal weight.
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HOW IS THE CERTAINTY OF EVIDENCE EVALUATED TO INFORM
DIETARY GUIDELINES?

To move from evidence to recommendations, decision-makers must consider criteria regarding
the overall certainty of the body of evidence in addition to the magnitude of desirable and unde-
sirable consequences and the values and preferences of the target population (37). The expression
values and preferences refers to the importance people place on each of the outcomes associated
with a decision, and it is crucial to balancing desirable and undesirable consequences. There are
various systems for rating the certainty of evidence and moving from evidence to recommenda-
tions (see, ¢.g., 25, 26,37, 43). Of the systems available, the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) approach is by far the most rigorously developed
and widely used (37). GRADE was developed to address the limitatons of previous systems for
rating the certainty of evidence (8, 9). Unlike many of its predecessors, GRADE yields clear and
understandable recommendations and is simple to apply (having undergone extensive user test-
ing) and, hence, is the focus of this review (8, 9, 21, 62, 76, 90). The GRADE system uses four
categories to rate the certainty of evidence: high, moderate, low, or very low (see the sidebar Cer-
tainty of Evidence and Definitions). Lower levels of certainty indicate a greater likelihood that
the underlying true effect is substantially different from the observed effect.

Rating the certainty of evidence begins by considering study design. A body of evidence based
on RC'T5 is initially assigned high certainty, and observational studies are assigned low certainty
due to concerns about confounding. The certainty may be reduced if reviewers note limitations re-
garding the risk of bias, inconsistency, imprecision, indirectness, or publication bias (12). For each
criterion, certainty may be reduced by one or two levels depending on the seriousness of concerns.
Anincrease in certainty may occur when observational studies produce large effect sizes or a dose—
response gradient or when all plausible confounders or biases would reduce a demonstrated effect
or suggest a spurious effect when results show no effect. As we described in the previous section, it
is rare to have high-certainty evidence from observational studies of nutrition because effect sizes
are usually small; dose-response gradients are not as reassuring against confounding bias as they
are in other fields; and we seldom ever have knowledge of all plausible confounders.

According to the GRADE system, recommendations can be cither strong or weak. The direc-
ton and strength of a recommendation is determined by the balance between desirable and unde-
sirable consequences and our certainty about the effect estimates (37). The balance between de-
sirable and undesirable consequences is, in turn, determined by the magnitude of effect estimates
for each outcome of interest and the values and preferences of the target population. The larger
the gradient between the desirable and undesirable effects—based on the values and preferences
of the target population—the higher the likelihood that a strong recommendation is warranted.
Another determinant of the strength of recommendations is our certainty of the effect estimates.
Typically, a strong recommendation is associated with high, or at least moderate, certainty about

CERTAINTY OF EVIDENCE AND DEFINITIONS
m High certainty: The true effect is most likely very close to the effect estimate.

Ph.D. Thesis Dena Zeratkar, McMaster University, Health Research Methodology

GRADE: Grading of
Recommendations
Assessment,
Development and
Evaluation

8 Moderate certainty: The true effect is likely to be close to the effect estimate, but there is a possibility that it is

different.
8 Low certainty: The true effect may be substantially different from the effect estimate.

8 Very low certainty: The true effect is likely to be substantially different from the effect estimate.
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the effect estimates for critical outcomes. The more closely balanced the trade-offs between desir-
able and undesirable outcomes, the more likely that low-certainty evidence underlying any critical
outcome will result in a weak recommendation. A final concern that may decrease the strength
of recommendations is uncertainty about or variability in the values and preferences of the target
population. Uncertainty in values and preferences means that we do not confidently know whether
undesirable outcomes are outweighed by desirable outcomes, according to the perspective of the
target population. Variability in values and preferences means that a single recommendation would
not apply uniformly across the target population. In such situations, weak recommendations are
warranted. In general, making strong recommendations based on low-certainty evidence is dis-
couraged, apart from a few paradigmatic situations (3). An alternative way of defining strong rec-
ommendations is that they indicate high- or at least moderate-certainty evidence that the benefits
of a course of action clearly outweigh harms, or vice versa, according to the majority of the target
population, whereas weak recommendations indicate that we are uncertain whether benefits are
clearly outweighed by harms, or vice versa, for the majority of the target population.

The GRADE Evidence to Decision frameworks were developed to facilitate the process of
moving from evidence to recommendations (2). They build on the GRADE method and provide
a structured process through which decision-makers can be informed about the relative benefits
and harms of the options being considered, provide decision-makers with arating of the certainty
of the evidence about benefits and harms, and ensure that all important factors are considered in
the decision-making process. The Evidence to Decision frameworks can also support stakehold-
ers in understanding the judgments made by decision-makers and the evidence supporting those
judgments.

It must be noted that there is by necessity a considerable amount of subjectivity involved in
rating the certainty of evidence and grading recommendations and that two persons evaluating
the same body of evidence might reasonably come to different conclusions (75). However, the
advantage of GRADE is that it provides a transparent framework through which these subjective
judgments can be documented and communicated to stakeholders.

The GRADE system has been criticized by nutrition researchers for rating evidence from
observational studies as having low certainty (see, e.g., 95). Such criticism is usually centered on
the challenges of conducting RCT5 in nutrition, challenges which our prior discussion has made
clear. Picture, however, two bodies of observational studies that are identical in the rating of their
certainty of evidence, but one addresses a question for which RCT5 are feasible and the other does
not. Should a higher rating of certainty in the context of unfeasible RCTs be provided (in other
words, does the unfeasibility of RCTs increase one’s certainty in the evidence)? We would argue
that it should not.

There are compelling reasons for maintaining similar criteria for evaluating certainty across
disciplines. Clinicians, patients, and other policy-makers must weigh the benefits and harms of
many different kinds of interventions—including pharmacological, surgical, and nutritional—for
a clinical or public health problem. For example, to choose between bariatric surgery or lifestyle
interventions for obesity, patients and clinicians must weigh the potential benefits and harms as-
sociated with a surgical intervention and a lifestyle intervention. Using modified criteria to assess
the certainty of evidence for some interventions and not others would be misleading. We have
highlighted the formidable limitations of both RCTs and observational studies in nutrition. Ac-
knowledging these limitations is preferable to pretending they do not exist.

Some have suggested that in situations in which the certainty of evidence is low or very low,
guideline panels should refrain from making recommendations (18). This situation is common
in nutrition. However, ultimately the public, clinicians, and policy-makers will be faced with sit-
uations in which they must make decisions. Refraining from making a recommendation is not
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helpful to stakeholders. In such situations, making a weak recommendation or a recommendation
to consider the values and preferences of the target population when deciding between alternative
courses of action is preferable to not making a recommendation.

Turning our attention to how the certainty of evidence is evaluated and recommendations are
formulated in existing dietary guidelines, there is great variability in whether decision-making
bodies rate the certainty of the evidence and the methods by which they do so. In one invest-
gation, only $ of 32 national dietary guidelines committees explicitly evaluated the certainty of
the evidence underpinning their recommendations (16). Among those committees that did, the
appropriateness of the criteria used was questionable. For example, the technical advisory group
for the development of New Zealand’s national dietary guidelines evaluates the certainty of evi-
dence through discussion using unspecified criteria {16). The DGAC used the USDA Nutrition
Evidence Library system to rate the certainty of evidence as strong, moderate, limited, or not
assignable, based on the risk of bias, numbers of studies and study participants, consistency across
studies, impact, and generalizability, criteria that, although they appear reasonable and have close
correspondence to GRADE criteria, still have limitations (25). For example, the criterion “impact”
considers the magnitude of effect and the directness with which studies evaluate the association
between the exposure and the outcomes of interest: two seemingly unrelated concepts. If the ef-
fect size is small and not clinically important or the evidence does not address the outcomes of
interest, the certainty of the evidence is rated as limited. If the effect size is large with evidence
directly addressing the outcomes of interest, the certainty of evidence is rated as strong, given that
there are no limitations in the other domains. The framework does not, however, consider the
situation in which there is high-certainty evidence that an effect is very small and of marginal im-
portance. Morcover, the DGAC does not present explicit judgments for each of the five Nutrion
Evidence Library criteria, instead presenting only the overall rating, the validity of which remains
in question due to the lack of transparency in the ratings for each of the five criteria.

In their reports critiquing the development of the DGA, NAS also identified a lack of trans-
parency in how evidence is translated into recommendations and important inconsistencies be-
tween the 2015 DGAC report and the subsequent recommendations (77, 78). Notable inconsis-
tencies include the 2015 DGA stance on healthy dietary patterns and sodium restriction. Despite
the limitations of the evidence regarding the health effects of vegetarian dietary patterns high-
lighted in the DGAC report, the guidelines recommend a vegetarian dietary pattern as one of
three healthy dietary patterns for Americans (109). The DGA also recommends limiting daily
sodium intake (to <2,300 mg) for all adults (109). The DGAC report, however, notes that evi-
dence regarding the effects of sodium on cardiovascular outcomes is inconsistent and insufficient
to conclude that lowering sodium intake to below 2,300 milligrams per day either increases or
decreases the risk of cardiovascular events in the general population (25). Such inconsistencies
between the evidence and the recommendations raise concerns regarding the extent to which the
DGA recommendations are evidence based.

WHAT ADDITIONAL CONSIDERATIONS ARE NEEDED WHEN
DEVELOPING DIETARY GUIDELINES?

Inaddition to the health effects associated with diet, dietary guidelines may also choose to consider
issues such as resource use, equity, environmental impact, feasibility, and acceptability. Table 1
presents these additional considerations and their relations to dietary guidelines. Whether guide-
line developers address these additional considerations largely depends on the perspective they
assume. For example, dietary guidelines targeted at health professionals are less likely to con-
sider costs and environmental impact compared with guidelines that take a societal perspective.

www.ennualreviews.org « Dierary Guideline Development 237

17



Annu. Rev. Nutr. 2019.39:227-247. Downloaded from www .annualreviews.org
Access provided by McMaster University on 02/24/20. For personal use only.

Ph.D. Thesis Dena Zeratkar, McMaster University, Health Research Methodology

Table 1 Additional considerations for those developing guidelines in nutrition

Consideration

Details

Resource use

Healthy dietary patterns may be costly. Evaluating the cost effectiveness of programs that promote
healthy dietary patterns may be important. Evaluations of cost effectiveness should ideally be specific
to each setting in which the guidelines will be implemented as costs will vary between regions.

Equity

There may be reasons for antdcipating differences in the relative effectveness of dietary
recommendatons for disadvantaged groups. For example, recommended foods and beverages may
be less accessible to disadvantaged groups. Therefore, the implementation of recommendatons may
result in an increase in health disparities. Recommendations may include strategies to reduce
anticipated inequity.

Environmental impact

Although certain dietary patterns may optimize health outcomes, they may not be environmentally
sustainable in the long term. For example, meat production requires large amounts of land and
water to grow grain to feed livestock. Tt also contributes to methane emissions.

Feasibility There may be important barriers to implementing dietary recommendations. For example, global and
national food suppliers may not be prepared ro deal with the shift in a populadon’s dietary patterns
that may follow the implementation of a new dietary guideline. The food industry may not be
adequately prepared to respond to changes in demand with new or alternatve products.

Acceprability Some dietary interventons may not be acceptable to stakeholders. Stakeholders are broadly defined as

individuals, groups, or organizations that may be directly affected by or interested in a proposed
policy. Cultural and religious consideradons may make some dietary patterns unacceptable to some
groups of people. Certain dietary interventions may be burdensome and unacceptable to the general

public.
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If guideline developers choose to address additional considerations, they should make explicit the
weight of each consideration in their decision-making process.

Ideally, additional considerations should be accompanied by a comprehensive search for and
synthesis of the related evidence, conducted with a rigor similar to that used in systematic re-
views addressing health outcomes. It is perhaps unsurprising that guideline panels do not always
achieve this degree of rigor. For example, the Nordic Nutrition Recommendations describe the
characteristics of environmentally sustainable diets without undertaking a systematic review of the
relevant evidence (82). The magnitude of consideration given to environmental sustainability in
relation to health effects is also not specified, raising questions about how decision-makers might
balance situations in which environmentally sustainable dietary patterns are at odds with those
that optimize health outcomes.

Most national dietary guidelines limit their scope to considering only health outcomes (30).
Some countries, such as the Netherlands, Sweden, and Brazil, also consider environmental sus-
tainability. The 2015 DGAC recommended considering environmental sustainability in its report
to the USDA and DHHS. The DGAC conducted a systematic review of modeling studies to
identify the most environmentally sustainable dietary patterns. This sparked an intense debate
regarding whether environmental sustainability is within the scope of national dietary guidelines
(10). Ultimately, the guidelines were published without reflecting sustainability considerations.
It is possible that the recommendations in the 2015 DGA would have been different had en-
vironmental sustainability been considered. For instance, nuts (particularly almonds), which the
guideline recommends, require many liters of water to produce a very small quantity (10). The
production of seafood, another recommended food group, is in the midst of rapid expansion to
meet growing worldwide demand, but the collapse of some fisheries due to overfishing in past
decades raises concerns about sustainability (29). It remains controversial whether the considera-
tion of environmental sustainability has a place in national dietary guidelines.
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HOW SHOULD CONSUMERS BE ENGAGED IN DEVELOPING
DIETARY GUIDELINES?

Consumer engagement is now internationally recognized as an important component of guideline
development (19, 80, 86, 94). Involving consumers recognizes individuals as having valuable input
about their health, respects the rights of citizens to participate in health policy development, and
improves the implementability and uptake of guidelines. Within the GRADE framework, con-
sumers can provide input regarding the relative importance placed on the outcomes of interest
and, in turn, decide whether the benefits of a course of action are outweighed by its harms. In di-
etary guidelines, consumers are predominantly members of the general public. Other consumers
may include health professionals and policy-makers.

While the value of consumer engagement is well recognized, there is great variability in how
consumers are engaged in the development of both medical and dietary guidelines, with no ac-
cepted gold standard approach (6). Ideally, consumers should be engaged throughout the entire
process of guideline development (6). A comprehensive framework on consumer engagement that
we find helpful was published by Armstrong and colleagues in 2017 (6). The framework summa-
rizes strategies for ensuring meaningful consumer engagement at various steps of the guideline de-
velopment process. These strategies include, but are not limited to, soliciting priority topics from
the public, including consumers on guideline development panels, surveying consumers regarding
the importance of proposed outcomes for guideline questions, consulting consumers on decisions
related to the analysis and presentation of data, involving consumers in drafting recommendations
or reviewing drafts of recommendations, and querying consumers regarding expected barriers to
the dissemination and implementation of guidelines. Additionally, consumers can be engaged in
two ways: passively (whereby consumers are solicited for their ideas or views through public fo-
rums) and actively (whereby consumers are involved in meetings and focus groups and a dialogue
between guideline developers and consumers is established), with active engagement being pre-
ferred to passive engagement. Barriers to consumer engagement include ensuring recruitment of
a representative spectrum of consumers, determining how to facilitate meaningful engagement
with consumers who have insufficient understanding of the relevant content or guideline devel-
opment process, and handling situations in which consumers may hold scientifically indefensible
views.

Unfortunately, current dietary guidelines fall short of ensuring adequate consumer engage-
ment (27, 87). In most cases, consumer engagement is passive and restricted to one or two steps
within the guideline development process or completely overlooked. For example, while the DGA
process engages the public through nominations of members to the DGAC, the ultimate selection
process for members of the DGAC is a black box (77). Furthermore, members of the public do not
directly participate in the development of DGA recommendations. Rather, they are restricted to
opportunities for public comment on the DGA and DGAC report. Itis unclear the extent to which
and how public comments subsequently shape recommendations. Similarly, the 2012 Nordic Nu-
trition Recommendations included a period of public comment without any detail regarding how
recommendations were modified based on public comments (82).

HOW SHOULD CONFLICTS OF INTEREST BE ADDRESSED?

Interpreting a body of evidence involves a level of subjectivity that may lead to discordant con-
clusions by different individuals (97). This can be problematic when conflicts of interest influence
the interpretation of the evidence and the resulting recommendations. Financial conflicts of in-
terest and industry sponsorships have received substantial attention in nutrition (81). Financial
conflicts include ownership of stocks or shares, paid employment, or receipt of research grants.
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