
 

 

 

Evidence Synthesis and Evaluation in Nutrition 

 



 

 

 

Evidence Synthesis and Evaluation in Nutrition 

 

Dena Zeraatkar, MSc 

 

A Thesis Submitted to the School of Graduate Studies in Partial Fulfilment of the Requirements 

for the Degree Doctor of Philosophy 

McMaster University © Copyright by Dena Zeraatkar, June 2020 

  



ii 
 

McMaster University DOCTOR OF PHILOSOPHY (2020) Hamilton, Ontario (Health Research 

Methodology) 

 

TITLE: Evidence Synthesis and Evaluation in Nutrition AUTHOR: Dena Zeraatkar (McMaster 

University) SUPERVISOR: Dr. Gordon H Guyatt NUMBER OF PAGES: xi, 210 

  



iii 
 

Abstract 

Chronic non-communicable 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 conditions 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, formulate 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 on expert 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 thesis is to advance methods for evidence 

synthesis and evaluation in nutrition. The thesis begins by reviewing contemporary challenges in 

evidence synthesis and evaluation for dietary guideline development and offering novel insight on 

opportunities for future improvement. The thesis subsequently provides a descriptive analysis of 

limitations of recently published systematic reviews and meta-analyses of nutritional 

epidemiology studies. This thesis then presents two systematic reviews and meta-analyses 

addressing the health effects of red and processed meat consumption that serve as examples of 

the application of rigorous 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 non-communicable diseases affect a large proportion of the population and are 

associated with significant morbidity, mortality, and social and economic impact (1). Large 

cohort and modelling studies estimate that a substantial proportion of these conditions can be 

attributed to dietary habits (1, 2). 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, formulate recommendations and 

policies, and plan future research (3-5). A growing body of evidence, however, suggests that 

there are serious problems in current methods for evidence synthesis and evaluation in nutrition 

(6-10). These issues include the failure to conduct comprehensive literature reviews, 

overreliance on non-randomized evidence and expert opinion, disregard of important biases 

(e.g. biases due to confounding, measurement of the exposure, and selective reporting), and the 

application of inconsistent criteria to evaluate the certainty of evidence. These issues have 

produced conflicting, and often controversial, dietary recommendations—many of which have 

likely been inefficacious—and have led to the proliferation of research that is too low certainty 

to be confidently applied to guide dietary recommendations and policies (8, 11-15).  

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

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

Chapter 2 of this thesis addresses contemporary challenges in evidence synthesis and evaluation 

for the purpose of dietary guideline development. It highlights limitations of current practices—

issues that have led to the development of conflicting and ineffective recommendations and 

policies—and offers valuable insight on opportunities for future improvement.  
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Chapter 3 is a cross-sectional descriptive analysis of the characteristics and quality of a sample of 

recently published systematic reviews and meta-analyses of nutritional epidemiology studies. 

We show that reviews of nutritional epidemiology studies often have serious limitations that 

compromise their credibility.  

Chapters 4 and 5 are two systematic reviews that were used to inform dietary guidelines on red 

and processed meat consumption (16). The first of these reviews summarizes the evidence from 

55 cohort studies, including over four million participants, addressing the relationship between 

red and processed meat and all-cause mortality and adverse cardiometabolic outcomes. The 

second review summarizes the evidence from 70 cohort studies, including over six million 

participants, addressing the relationship between patterns of red and processed meat 

consumption and the risk of adverse health outcomes. These reviews serve as examples of the 

application of rigorous systematic review methods in nutrition and overcome the common 

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

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

and limitations, and reflects on opportunities and challenges for future research in nutrition.  
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CHAPTER 2: EVIDENCE COLLECTION AND EVALUATION FOR THE 

DEVELOPMENT OF DIETARY GUIDELINES AND PUBLIC POLICY ON 

NUTRITION 

 

 

Reprinted from Annual Reviews, which permits the right to include the work in whole in theses.   
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CHAPTER 3: SYSTEMATIC REVIEWS AND META-ANALYSES OF 

OBSERVATIONAL NUTRITIONAL EPIDEMIOLOGY STUDIES OFTEN HAVE 

SERIOUS METHODOLOGICAL LIMITATIONS—A CROSS-SECTIONAL STUDY 

 

This chapter is under review at American Journal of Clinical Nutrition.  
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ALL-CAUSE MORTALITY AND CARDIOMETABOLIC OUTCOMES—A 

SYSTEMATIC REVIEW AND META-ANALYSIS OF COHORT STUDIES 

 

This Open Access article is distributed under the terms of the Creative Commons Attribution 

Noncommercial License, which permits any noncommercial use, distribution, and reproduction 

in any medium, provided the original author(s) and the source are credited.
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CHAPTER 5: PATTERNS OF RED AND PROCESSED MEAT CONSUMPTION 

AND RISK FOR CARDIOMETABOLIC AND CANCER OUTCOMES—A 

SYSTEMATIC REVIEW AND META-ANALYSIS OF COHORT STUDIES 

 

This Open Access article is distributed under the terms of the Creative Commons Attribution 

Noncommercial License, which permits any noncommercial use, distribution, and reproduction 

in any medium, provided the original author(s) and the source are credited. 
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CHAPTER 6: CONCLUSION TO THE THESIS 
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This thesis compiles a series of investigations focused on the synthesis and evaluation of evidence 

in nutrition. This concluding chapter summarizes key findings and implications, lists strengths and 

limitations, and discusses opportunities and challenges for future research.  

Key findings and implications 

We began this thesis by describing important methodological issues in dietary guideline 

development—many of which had not been previously acknowledged or discussed in the nutrition 

literature—and offering novel insight on how to improve the quality of future dietary guidelines, 

in chapter 2.   

In chapter 3, we presented a cross-sectional descriptive analysis of a sample of recently published 

systematic reviews and meta-analyses of nutritional epidemiology studies. We found that reviews 

of nutritional epidemiology studies often have important limitations related to the search for and 

selection of studies, the collection and appraisal of data, the synthesis of results, and the 

evaluation of findings. Based on our findings, we developed a series of recommendations that 

address common deficiencies and errors in reviews of nutritional epidemiology studies, and 

which, if implemented by review authors, may improve the credibility of future reviews. The most 

important finding that emerged from this chapter, however, was that reviews of nutritional 

epidemiology studies will seldom produce evidence of sufficient certainty to allow confident 

application to guide dietary recommendations and policies because estimated effects of dietary 

exposures on health outcomes are nearly always small or very small and primary studies are 

usually at high risk of bias due to confounding, errors in the measurement of nutritional exposures, 

and selective reporting. This finding has important implications for guideline developers and 

policymakers who may need to prioritize the types of evidence that they consider to inform 

recommendations or policy decisions.   

In chapters 4 and 5, we presented two systematic reviews that were used to inform dietary 

recommendations addressing red and processed meat consumption. These reviews serve as 
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examples of the application of rigorous systematic review methodology in nutrition—methods 

that are aligned with standards used across other health fields. In addition, these reviews contain 

several innovative features. For example, while many reviews to date have addressed the 

relationship between red and processed meat and adverse health outcomes, we were the first to 

review the evidence on patterns of red and processed meat consumption—an approach that 

overcomes the limitations of studying single foods and nutrients (1-3). Further, we conducted 

dose-response meta-analysis, which, compared to conventional meta-analysis that compares 

extreme categories of exposure, has higher statistical power and is less likely to produce 

misleading results (4-7). We were also the first to apply the GRADE approach to assess the 

certainty of the evidence on the relationship between red and processed meat and adverse health 

outcomes, including the first to systematically and transparently account for all critical factors that 

bear on the decision to consume red and processed meat for health reasons, such as the certainty 

of evidence, the magnitude of suspected health effects, and public values and preferences (8). 

The broader application of these methods to other nutrition topics has the potential to 

substantially improve the transparency and validity of future reviews, recommendations, and 

policies in nutrition and to align their methods with standards that have already been adopted in 

other health fields. For example, the consideration of absolute effects—as was done in these two 

chapters and is routinely done across nearly all fields—will enhance the interpretation of the 

balance of benefits and harms of alternative dietary advice and will moderate strong 

recommendations on many dietary exposures since the evidence typically suggests that most 

dietary exposures have very modest absolute effects on health, if any (9). 

Strengths and limitations 

The major strength of this thesis is its appraisal of current methods for evidence synthesis and 

evaluation in nutrition and its application of rigorous methods for evidence synthesis and 

evaluation—which are consistent with standards used across other health fields—to a nutrition 

topic.  
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Beyond the limitations described in the individual chapters, a limitation of this work is the lack of 

a knowledge translation strategy. This limitation is significant because there are considerable 

barriers to the adoption of alternative methods in nutrition. Notably, the adoption of alternative 

methods challenges established nutritional dogmas and contradicts decades of research on which 

many esteemed nutrition researchers have built long and illustrious careers. Future work should 

explore opportunities for the uptake of methods in nutrition that are consistent with standards 

used in other health fields, such as the GRADE approach and the consideration of absolute effects 

and public and/or patient values and preferences in developing recommendations.   

Opportunities and challenges for future research 

This thesis produced several novel methods that may have broader applications in both nutrition 

research and in other areas. A notable example is our approach to evaluating the plausibility of 

causal relationships using dietary pattern studies. We applied this approach in chapters 4 and 5, 

whereby we compared the magnitude of association between adverse health outcomes and i) 

dietary patterns of red and processed meat consumption and ii) red and processed meat 

consumption directly. Since we found the magnitude of association to be similar across these two 

comparisons, we concluded that the association between red and processed meat with adverse 

health outcomes is likely confounded by other correlated dietary factors (10). Our work illustrates 

that comparing the magnitude of association of indices composed of highly correlated and 

potentially confounding exposures with the outcome of interest to the magnitude of association 

between the exposure and the outcome directly may be useful to evaluate the plausibility of 

causal relationships (11).  

Since we were among the first to apply the GRADE approach to produce dietary 

recommendations, we also identified several areas in which additional guidance for the 

application of GRADE to nutritional questions may be useful. One such area is the appropriateness 

of rating up the certainty of evidence in the presence of a dose-response gradient. In situations in 

which there are dense networks of correlations among exposures, such as in nutritional 
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epidemiology, a dose-response effect may be less convincing of a causal relationship and rating 

up of the certainty of evidence for a dose-response gradient is usually not appropriate (12).  

In this thesis, we showed that current research in nutrition, which has largely been dominated by 

non-randomized studies, is unlikely to generate evidence of sufficient certainty (according to well-

established standards across health fields) to allow confident application to guide dietary 

recommendations and policies—a critical insight with important implications for the design of 

future nutrition research. One plausible approach to generating higher certainty evidence is large 

dietary trials (13). Though conducting such trials is challenging due to poor adherence from 

participants and the need for long follow-up, dietary trials may still be the only plausible way to 

ultimately offer higher certainty evidence on the health effects of dietary exposures if they include 

sufficient safeguards against bias, such as the provision of controlled feeding environments and 

the implementation of strategies to minimize loss to follow-up. Although the cost of such trials 

will be high, they may nevertheless prove cost effective in comparison to the hundreds of 

conflicting and misleading non-randomized studies that are regularly published (9, 13). 

The application of novel analytic methods that can identify more robust relationships between 

exposures and health outcomes may be an alternative approach to generate higher certainty 

evidence in nutrition. Examples of these approaches include the ‘environment-wide association 

study’, which involves running a series of models that simultaneously regress all exposures (for 

which data is available) on the health outcome of interest, controlling for multiple testing, and 

validating findings in an independent dataset (14), and ‘vibration of effects’ methods that can be 

used to identify exposure-outcome relationships that are most robust to the choice of 

confounders included in analytic models (15). Such analytic methods may be able to identify 

nutritional exposures with the most compelling statistical evidence of exerting an important effect 

on the outcome of interest (usually the exposures with the largest effects), while also overcoming 

other common problems, such as multiple testing.  

Collectively, the application of the principles and methods for evidence synthesis and evaluation 

outlined in this thesis, combined with efforts to produce higher certainty evidence either via 
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randomized controlled trials or the application of novel analytic methods, represent promising 

approaches to advance nutrition research, recommendations, and policies.   
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