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Reducing Bias in Public Health Guidelines

Abstract

Background and Objectives

Bias in research and the methods used for developing public health guidelines may put the public’s
health at risk. This dissertation explores three possible sources of influence on the recommendations
made in public health guidelines:

e Commercial Influences on Nutrition Research: Primary research studies and systematic
reviews form the evidence base for dietary guidelines. The association between funding
sources and the outcomes of nutrition studies was therefore explored;

e Methods Used for Public Health Guideline Development: Heterogenous methodologies used
in the development of public health guidelines may lead to conflicting recommendations. |
conducted a systematic analysis of the methods used in their development;

e Social Influences on Public Health Guideline Development: The interactions within guideline
groups may be a significant influence on the final recommendations made. | aimed to
understand the experiences of the participants involved in developing public health
guidelines.

Methods

My methods included: 1) Meta-analysis and systematic review to measure bias in primary nutrition
research; 2) Content analysis to understand the methods used in synthesising evidence for public
health guidance development; and 3) Qualitative analysis of interviews to understand social

influences on guideline development.



Results

My major findings were: | found an association with industry sponsorship with the outcomes of
studies, even when controlling for the internal validity between the studies; | established
heterogenous methodologies are being used by organisations that conduct hazard identification and
risk assessment; and | identified that the public health guideline process in Australia is a divided one.
Conclusions

Through greater transparency of funding practices, the development of nutrition study registries and
improvements in risk of bias tools used to evaluate the evidence, industry influence on the
outcomes of nutrition studies relevant to dietary guidelines can be accounted for. Further, the use of
standardised, transparent methodological processes and collaboration between systematic review
teams and guideline groups will lead to increased comparability and validity of guidelines and ensure

that the recommendations made from them will protect the public’s health.
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Introduction

Synopsis

Entering the second year of my Master of Human Nutrition degree at Deakin University, | had
decided to undertake a unit of research on obesity policy. | had always thought that obesity was a
highly complex issue, driven primarily through poor personal choices around diet and exercise. |
knew that ‘junk foods’, those highly processed commodities that | enjoyed on an occasional basis,
weren’t great for me. | had also assumed that educational resources such as dietary guidelines and
the food pyramid would guide the public to make personal choices that were consistent with healthy
eating. | believed that having these foods available in our food system was not such a bad thing. My
then supervisor suggested a topic for my research project on ‘Big Food’ (otherwise known as
multinational food and beverage companies with huge and concentrated market power), and the
strategies they use to distract the public from the harms of their products.! As | soon discovered,
using similar techniques from the playbook of ‘Big Tobacco’, ‘Big Food’ was just as harmful to the
public’s health.'®* One such strategy used by the food industry was the funding of research, such as
on the harms of sugar sweetened beverages.*> My focus as a nutritionist had now changed from
educating people about how to make healthy personal choices, to understanding and combatting

corporate influence on health behaviours.

Apart from the influence ‘Big Food’ was having on the dietary behaviours of the public, | also began
to question why there appeared to be so much confusion around dietary advice when Australia had
national dietary guidelines. While | had read conflicting systematic reviews on whether saturated fat
was bad for my health, or whether dairy really did protect me from heart disease, | still felt confident
that | could use the dietary guidelines as my main resource to offer guidance to the members of the

public around what constituted a healthy diet. As a nutritionist, | had always believed without



guestion that the Australian Dietary Guidelines were the gold standard for dietary advice; that the
guidelines were developed by the best experts in the nutrition field who had evaluated all the
evidence using systematic methods and had then synthesised the results into recommendations.®
But, why was there conflicting evidence out there, contrary to their recommendations? Why was
there any confusion or debate around the recommendations made in the Dietary Guidelines? What
else needed to be considered? What else could influence them? These were the questions | had

often asked myself.

This dissertation has allowed me to empirically investigate both these areas of interest and concern,
both as a nutritionist and public health researcher, that is; the commercial influence of the food
industry on nutrition research, and the biases that are present due to the methodological challenges

and limitations of developing public health guidelines, such as the dietary guidelines.

In Chapter One of this dissertation, using previously validated, rigorous methods, | have
systematically evaluated the association of food industry sponsorship and authors with a conflict of
interest with the food industry and the results, effect sizes, conclusions and risk of bias of primary
nutrition studies that are used in the development of dietary guidelines.” In order to assess bias
across a body of evidence it is necessary to focus on specific topics. | focus on dietary
recommendations around whole grain intake and dairy intake as recommendations regarding these
foods vary globally. This research will help dietary guideline committees quantify the influence these
commercial funders may have on the evidence reviews as part of the guideline process and the

advice offered to the public.



In Chapter Two, | study the methods used for the development of public health guidelines, as
opposed to clinical practice guidelines. The methods used to develop guidelines that review
observational studies of exposures, such as diet or environmental exposures, are not as well
developed as methods for clinical practice guidelines.2? By comparing current methods and
processes that are used in the development of hazard identification and risk assessments of
hazardous exposures against recommended best practice frameworks, | have identified current gaps
in how evidence is evaluated and synthesised in forming these types of public health guidelines and
assessments. This work will help inform organisations and agencies producing these types of
guidelines and assessments on how to reduce potential biases in the development process and in

forming the recommendations that are made from them.

In Chapter Three, | have sought to gain an in-depth understanding of the guideline development
process. Specifically, | was interested in understanding influences other than the methodological
processes that are described in guideline development handbooks. | have conducted the first
empirical investigation into public health guideline development in Australia. By understanding the
perspectives and opinions of the review groups responsible for evaluating and synthesising the
evidence and that of the working committees that develop the guideline recommendations, | have
extended previous work into how public health guidelines are developed.’**® These experiences
help explain the social processes and influences involved in public health guideline development and
suggest areas where further guidance can be developed for review teams and guideline

development groups.

In Chapter Four, | have proposed solutions to the challenges that are presented in the first three
chapters, specifically, recommendations to minimise these various biases in developing public health

guidelines. Through improved methods to quantify these biases and greater transparency in how



evidence is produced, evaluated and finally synthesised into recommendations, policy makers,
health practitioners and the public that use these guidelines will have greater confidence in the

recommendations made from them.

Commercial Influences on Research

The primary interest of a corporation is to maximise its profits. Therefore, when industry funds
research to either show the benefits or reduced harms of their products, a conflict of interest exists
and a bias may be present.? Bias is “the systematic error or deviation from the true results or
inferences of a study”.’® It has been empirically demonstrated in several fields (e.g. pharmaceutical,
tobacco and chemical) that corporate research sponsorship and authors with a conflict of interest
are associated with publishing studies with outcomes that favour the corporate interest.}”-?® These
favourable outcomes result from a variety of biases in how the studies are designed, conducted or

disseminated.?”

One of the largest examinations on the influence of industry sponsorship, published in 2017,
investigated whether industry sponsored drug and device studies had more favourable results,
conclusions, effect size, and lower risks of bias, compared with studies having other sources of
sponsorship.?® The review of more than 75 studies, including cross-sectional studies, cohort studies,
systematic reviews and meta-analyses, found that industry sponsored studies more often reported
favourable efficacy results and favourable conclusions. Importantly, these favourable results were
demonstrated even when other methodological biases had been controlled for and the studies had
similar risks of bias across several of domains.?® This means that the studies have similar internal
validity, but pose the question in different way, or only publish the favourable outcomes. Therefore,
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the main factor contributing to differences in the outcomes of the studies was the presence of
industry funding. A similar review of studies examining food industry influence on research
outcomes had not been conducted and the first manuscript from this dissertation fills this gap
(Chapter 1, ‘Association of industry sponsorship with outcomes of nutrition studies: Systematic

Review and Meta-analysis).

The association of studies reporting more favourable outcomes with author conflicts of interest is an
area that has not been examined to the same level as industry sponsorship. While some studies have
shown an association,3%34 others have not.>>37 One recent study that demonstrated this association
assessed whether study results, conclusions and risk of bias of reviews on the effects of artificially
sweetened beverage consumption and weight outcomes differed based on the review sponsors or if
the authors had a financial conflict of interest.3® Along with a high non-disclosure rate of author
financial conflicts of interest statements, reviews conducted by authors with a conflict of interest
with the food industry were seven times more likely to report favourable conclusions, than those
with no conflict of interest with the food industry. Again, there was no difference in the risk of bias
between the reviews and the major factor that could therefore influence the outcome was the

presence of an author with a conflict of interest.

Bias can be introduced throughout each stage of the research process as depicted in Figurel.
Corporate sponsors may bias the research process via the research agenda and the questions that
they ask, the way a study is designed and conducted, and through the selective publication of the

study results.?>%738



Figure 1. Image adapted from: Odierna DH, Forsyth SR, White J, Bero LA. The cycle of bias in health

research: a framework and toolbox for critical appraisal training. 27
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Bias in research agendas. Industry influence on the research agenda has been demonstrated across
different industry sectors.?® By funding distracting research to suggest that other components of
indoor air were more harmful to health than tobacco, the tobacco industry successfully influenced
and undermined the research agenda on the harms of second-hand smoke.?®38 Recent examinations
of historical internal industry documents of the cane and beet sugar industry have shown that
similar tactics were employed to influence the dental research agenda on dental caries and
cardiovascular disease.***! The sugar industry supported research to protect itself from potentially
financially damaging data on the harms of its products. An analysis of industry documents
demonstrated that for over a decade during the 1960’s the sugar industry attempted to influence

the research agenda and focus of the National Caries Program to deflect attention away from the



harms of sugar in causing caries. Amongst other tactics, the sugar industry funded reach into a
potential vaccines and enzymes that would limit the effect of dental plaque.*® Also during the
1960’s, as evidence began to emerge of the association of sucrose with cardiovascular disease, the
sugar industry again attempted to shift the focus away from the harms of its products and onto

saturated fats.*!

Apart from these case studies, a systematic analysis examining the association between funding
sources and the research agenda in nutrition research has not been conducted. We examined the
research topics of nutrition interventions to address obesity in randomised controlled trials (see
Appendix i. ‘Study sponsorship and the nutrition research agenda: analysis of randomised controlled
trials included in systematic reviews of nutrition interventions to address obesity’)* and cohort
studies (see Appendix ii. ‘Study sponsorship and the nutrition research agenda: analysis of cohort

studies examining the association between nutrition and obesity’).*?

In our first study examining randomised controlled trials, we found that industry funded trials
involved the manipulation of specific nutrients and were much less likely to fund trials that address
dietary behaviours, compared to non-industry funded trials.*? Therefore, by examining narrow
nutrient focused questions, and not relevant questions on dietary behaviours, the evidence available
to answer important public health questions in nutrition, may be limited. In our second study that
included 121 cohort studies, only approximately 8% of the studies were industry funded, despite a
95% disclosure rate of funding source.*® While there was no significant difference in the research
agenda by funding sources, the analysis was limited by the low proportion of industry funded
studies. The observational studies in this sample looked at more complex exposures such as foods
and dietary patterns and as demonstrated in our analysis of randomised controlled trials, industry

has been shown to fund research mainly around single nutrients.



In a further investigation to assess the potential for bias in the research agenda, publications and
their research topics that resulted from food industry-funded projects on human health were
examined.* Food industry supported projects were identified from food company websites and the
publications that resulted from these funded projects, identified by searching PubMed. The authors
of the study found that only two companies (Coca-Cola and Mars) out of ten analysed provided
sufficient detail to analyse their research projects. It was found that physical activity was the topicin
over 40% of the 204 publications that resulted from 37 disclosed research projects, while
approximately 22% focused on nutrients. Highly processed foods were examined in only 10% of the
publications. These findings that showed the food industry is more likely to sponsor studies focusing
on nutrients than foods or dietary patterns is consistent with our previous work that examined the
research topics in a sample of published cohort studies on nutrition and obesity.***® Further, these
findings show that industry funded research can also shape the research agenda away from nutrition
as a health issue and divert attention to physical activity. Although more research is needed on
industry influence on the research agenda, my focus has been on examining bias in the research

methods.

Bias in research methods. Methodological risks of bias can have an influence on the outcomes of
intervention studies in humans.?® These biases occur when the study design has features, such as a
lack of blinding or flawed outcome assessment, that allow for a systematic error to occur in the
magnitude or direction of the results. For example, in clinical trials that test the efficacy of drugs,
studies that do not randomise participants, or blind those individuals responsible for conducting the
outcome assessment to the interventions that participants have received, overestimate the efficacy
of the drugs. Studies with these design flaws are also less likely to report statistically significant
adverse effects, when compared to trials that randomise participants and blind the outcome

assessors.*>*® However, the influence of methodological biases on the effect size and direction of



study results has not been examined in nutrition research. | have conducted a series of studies to
address this gap (see Chapter 1: ‘Association of industry sponsorship with outcomes of nutrition
studies: A Systematic Review and Meta-analysis’; ‘The association of industry ties with outcomes of
studies examining the effect of wholegrain foods on cardiovascular disease and mortality:
Systematic review and Meta-analysis’; ‘The association of industry sponsorship with findings of
randomised controlled trials examining the effect of wholegrain foods on cardiovascular disease
outcomes: Systematic review and Meta-analysis’; and ‘The association of industry ties with
outcomes of studies examining the effect of dairy foods intake with cardiovascular disease and

mortality: Systematic review and Meta-analysis’).

Bias in reporting of results. Reporting bias refers to lack of publication of outcomes, while
publication bias refers to lack of publication of whole studies. By not reporting statistically significant
results and through the selective reporting of certain outcomes with statistically significant results,
reporting bias threatens the validity of research results. Selective publication can skew the evidence
available for making important decisions around health outcomes by over inflating the benefits or
underestimating the harms of interventions.*” Reporting bias has been extensively assessed for drug
studies using a variety of methods, including conducting quantitative estimates of publication bias to
estimate the proportion of unpublished studies or comparing trial registry entries or protocols to
published studies to identify unpublished outcomes.* As protocols are virtually unavailable for
nutrition studies, little research on reporting bias has been conducted. We conducted initial research

to estimate publication bias in nutrition studies.

We assessed the risk of publication bias in the epidemiological evidence on health-related
behaviours that included studies examining the association of tobacco, alcohol, diet, physical

activity, and sedentary behaviour with cardiovascular disease mortality and all-cause mortality. We



compared the level of publication bias to research on a drug, statins (in primary prevention).
(Appendix iii. ‘Reporting bias in the literature on the associations of health-related behaviours and
statins with cardiovascular disease and all-cause mortality’). We identified publication bias in
approximately 20% of health-related behaviour meta-analyses according to small study effect (22%)
and excess significance (24%) tests, but in none of the statin-related meta-analyses. While we also
found evidence of excess significance bias in 26% of the studies on diet compared to 0% in the meta-
analyses on statins. Therefore, this preliminary evidence suggests that meta-analysis of nutrition
studies may provide inaccurate estimates of the preventative effects on cardiovascular disease and

all-cause mortality due to the presence of publication bias.

Even when studies report unfavourable results, “spin” on conclusions may lead to the overemphasis
of nonsignificant results as demonstrating an effect, or the over emphasis of secondary outcomes
and the minimising of the non-significant primary outcomes.*® A previous examination into spin in
biomedical research was investigated across 35 reports in clinical trials, observational studies,
diagnostic accuracy studies, systematic reviews, and meta-analyses, with the authors hypothesising
that the funding source could be one factor associated with spin.>® The findings were inconclusive
however, although the authors stated that it was possibly due the heterogeneity of the included
papers. Therefore, further research into this area is required. Spin in nutrition research has not yet
been examined, although my research examines the concordance of research results and
conclusions, with studies reporting unfavourable results with favourable conclusions (see Chapter 1:
‘The association of industry ties with outcomes of studies examining the effect of wholegrain foods
on cardiovascular disease and mortality: Systematic review and Meta-analysis’; ‘The association of
industry sponsorship with findings of randomised controlled trials examining the effect of

wholegrain foods on cardiovascular disease outcomes: Systematic review and Meta-analysis’; and
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‘The association of industry ties with outcomes of studies examining the effect of dairy foods intake

with cardiovascular disease and mortality: Systematic review and Meta-analysis’).

Commercial influence in nutrition research

These previous examinations into commercial influence on pharmaceutical, tobacco and chemical
research has led to important changes and strategies to counter potential biases due to corporate
sponsorship. International reforms include the prospective registration of pharmaceutical trials to
allow data to become more accessible, calls for greater transparency on industry funding of research
and disclosure of conflicts of interest, and stricter policies on how to manage conflicts of interest.>>3
Importantly, an examination of these corporate influences on other areas of research is relevant to
nutrition research, as regardless of the exposure or intervention being studied, the same biases may
exist and the methods that can be employed to reduce their impact on the results of studies are the
same.> However, there has been little empirical study of commercial influence on nutrition research

to stimulate such reforms for nutrition research or to support reforms that may be unique to

nutrition.

In recent years, the influence of food industry sponsorship on nutrition research has been discussed
extensively by Dr Marion Nestle®® and there has been increasing awareness of the influence that the
sugar industry has been attempting to exert on academics and their research.>®%” Further, there
have been several studies that have examined the relationship between research sponsored by the
food industry and the conclusions and design features of studies compared to research sponsored by
other funders.*>>%%% However, these studies have only focused on ‘Big Food’ and when assessing the
influence of the funding source, they have not controlled for other factors that may have impacted

on the research outcomes, including the internal validity or risk of bias of the studies. To date there
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has not been a systematic evaluation of these commercial influences across a wide range of primary

nutrition studies.

Primary research studies and systematic reviews form the evidence base for dietary guidelines.
Dietary guidelines not only inform health practitioners, but also the wider public and policy makers
on what dietary choices are required to reduce the incidence of the ever-growing risk of diseases
such as diabetes, cardiovascular disease and cancer. With increasing debate over whether the
dietary guidelines may be biased,®! coupled with concerns about bias in nutrition research, >>%2 the
need to assess the evidence used in the development of dietary guidelines has never been more
pressing than it is today. These concerns around the credibility of the dietary guidelines not only
destabilise the confidence consumers and health practitioners have in the recommendations made
in them, but it may also undermine policies to regulate the food industry such as regulation of
marketing practices, taxes and the use of food labelling.53%> Therefore, similar rigorous assessments
of the evidence for bias that have already been conducted in other areas of health, such as in drug
studies, was required in nutrition research. Empirical studies of bias related to commercial
sponsorship and conflicts of interest will provide information on the credibility of the primary
nutrition studies that underpin the systematic reviews that are used in dietary guideline
development. In sum, there had been no systematic analysis of the extent of food industry
sponsorship and authors with a conflict of interest across the full spectrum of nutrition research,

including the primary studies that are used in the development of dietary guidelines.

In Chapter One of this dissertation, | offer a unique contribution to the evidence on the extent of
commercial influence on nutrition research by examining the risks of bias in the design and conduct
of nutrition studies. The chapter assesses whether studies sponsored by the food industry or who

have an author with a conflict of interest with the food industry are more likely to report favourable
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results, effect sizes, conclusions or differ in their methods compared to studies with other sources of
sponsorship or that have authors without a conflict of interest with the food industry. Taken
together with our work on industry influence on the research agenda and reporting bias, this work

will allow for a more complete understanding of commercial influence on nutrition research.

The results of this work will help improve methods used to evaluate the validity of primary nutrition
studies included in systematic reviews that form the evidence base for the recommendations made
in dietary guidelines. It will also help in determining if reforms to how nutrition research is designed,

conducted, evaluated and funded are required.

Biases in Methods Used for Public Health Guideline Development

Corporate sponsorship and conflicts of interest within a body of evidence and conflicts of interest in
the context of the committee’s responsible for guideline development pose separate challenges for
maintaining the integrity of a guideline. As discussed above, there is some evidence that the
presence of authors with a conflict of intertest introduces biases that influence research results in
favour of the study sponsor.’?* The management of conflicts of interest of guideline committee
members, despite organisations such as the such the World Health Organization (WHO) and the
National Institute for Health and Care Excellence (NICE) containing explicit policies around the
management of conflict of interest of guideline development groups, remains unsatisfactory in many

organisations responsible for developing guidelines.®¢°
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There are two principal types of guidelines related to health: clinical practice and public health.
Clinical practice guidelines offer recommendations on how health care practitioners can optimise
care for patients with specific clinical conditions.”®”2 They may provide guidance on how to prevent,
diagnose, treat or offer long-term care on any aspect of a condition.” Public health guidelines offer
recommendations to prevent specific diseases or to improve the health of a population.” Public
health interventions may be delivered at the individual level, initiating direct and immediate change,

or they may lead to changes in multi-sectoral policies, with an indirect effect on health.”

Public health guidelines pose specific challenges to their development that make them unique to
clinical practice guidelines. Although methods for conducting systematic reviews and developing
guidelines for clinical practice guideline are well established,®*® methods for the development of

guidelines related to public health issues are still evolving.”7®

One of the greatest challenges of developing public health guidelines and assessments is that unlike
clinical practice guidelines, the evidence supporting a public health intervention is often derived
from observational studies such as cohort studies, case controls, or time series analyses. Although
the methods for assessing the quality or risks of bias in the evidence from randomised controlled
trials are well developed,? there are concerns around the methods for assessing the quality of
observational studies. For example, the risk of bias in non-randomised studies of exposures (ROBINS-
E) tool was developed by building upon tools previously developed for risk of bias assessment of
randomised trials.”” To assess its useability, we applied the tool to over 70 studies of exposure that
are commonly used in the development of public health guidelines, including environmental risk,
dietary exposure and drug harm (See Appendix iv. ‘The risk of bias in observational studies of
exposures (ROBINS-E) tool: concerns arising from application to observational studies of

exposures’).”® Our study identified both practical and methodological concerns about the tool with
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recommendations for the development of a simpler, empirically based on bias tool to assist in the

development of credible public health guidelines.

In areas of public health related to nutrition and the harms of exposures of environmental hazards,
the National Academies of Science (NAS) have recommended a move towards improving the
methods used in the development of these types of guidelines and assessments to reduce potential
biases and enhance their credibility.” Amongst several potential enhancements to improving the
methodological processes used both in dietary guidelines and assessments of the harms of
chemicals, the NAS has strongly recommended the use of systematic reviews to evaluate the
evidence. However, the recent evaluation of an international sample of dietary guidelines identified
concerns with the current methods employed for the systematic reviews used and how evidence

from these reviews is synthesised into final recommendations.1%12

In recent years, there has been growing scrutiny around the methods used in the assessment of
hazardous environmental exposures conducted by various national and international organisations
and agencies. For example, the above referenced NAS report scrutinised methods used by the
United States Environmental Protection Agency (USEPA) and the International Agency for Research
on Cancer (IARC) has recently reviewed its methods for conducting environmental hazard
assessments. The processes and methodologies used in the development of these guidelines and
assessments may vary significantly among the organisations that develop them. This could lead to
conflicting conclusions, and debate around what assessments are most valid. For example, the
different statements on the harms of environmental hazards, such as those surrounding
glyphosate’®® and bisphenol-A (BPA)®82 by various organisations around the world, leave both the
public and policy-makers confused. While there are many factors that influence the implementation
of guidelines that go beyond the scope of this current dissertation, differing opinions on the what
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the most valid assessment are may impact the implementation of the recommendations that are

made from them.

In 2011, the NAS conducted a review of the United States Environmental Protection Agencies
Integrated Risk Information System (IRIS) Process.® The IRIS program is responsible for developing
toxicologic assessments of environmental contaminants, including hazard identifications and dose-
response assessments of chemicals related to cancer and noncancer endpoints. The program was
formed to create consistency in the toxicologic assessments within the agency and soon became
relied upon by federal, state, and international agencies for setting regulatory standards,
establishing exposure guidelines, and estimating potential risks to those populations exposed to
chemicals. The review by the NAS, however, identified several deficiencies in the methods and
approaches being used in the completion of IRIS assessments. The review and future reports on the
program have made specific recommendations on how evidence should be identified, selected,
evaluated and integrated across different streams to make final conclusions on the potential harms
of these exposures. The recommendations made by the NAS to reduce bias in this process are
transferrable to all public health guidelines, as the methods used to evaluate and synthesise

observational studies of exposures, such as diet or environmental exposures, are the same.

Building on from this review into the IRIS program, we sought to conduct the first systematic analysis
and comparison of the methods and processes used by the various national and international
organisations responsible for conducting hazard identification and / or risk assessments of
environmental hazards. Our analysis was based on the recommendations made to the IRIS program
by the NAS. In Chapter Two of this dissertation, | explore the current methodological practices and
procedures of these organisations, comparing them to a framework | devised based on the
recommendations from the NAS to the IRIS program and discuss any current knowledge gaps to
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inform the development of future methods used in this area of public health. This work will aim to
improve the methods used to reduce bias and to increase the credibility of the conclusions that are

made from assessment of exposure studies, such as studies of environmental exposures.

Social Influences on Public Health Guideline Development

In addition to the potential biases that may be brought into the development of public health
guidelines via the primary studies that are included, or the methods used to select, evaluate and
synthesise the evidence used in their formation, the interactions within guideline groups and how
they are facilitated may be a significant influence on the final recommendations. Lessons learned in
clinical practice guidelines suggest that how guideline development groups function influences how

the evidence is processed, and therefore affects the quality of the guidelines.838

There have been various case studies that have explored both the social processes®® and
methodological challenges**® involved in the development of public health guidelines and how the
recommendations are made, both in the United Kingdom with the NICE and the WHO respectively.
In a study that explored how NICE advisory groups function, the authors identified that advisory
group members conceptualised the guideline development task differently, with some prioritising
the evidence in informing their decision making, while others their disciplinary expertise. While the
diversity of opinions in these groups brought tensions, it was seen to be vital in making informed
judgements, relevant to making recommendations.!* To improve the GRADE (The Grading of
Recommendations Assessment, Development and Evaluation) process and facilitate its uptake,

participants involved with the development of WHO guidelines identified similar challenges,
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including clinical expertise and practical experiences sometimes taking precedence over the
evidence in discussions about recommendations. Additionally, they found that power dynamics
within the guideline group where experienced members could dominate, may affect
considerations.’* GRADE methodologists instead reported that they experienced tensions with the
WHO panels that did not understand the GRADE process and that there was a need for better

understanding and support of their roles in the guideline development process.'®

Chapter Three of this dissertation makes a unique contribution to the public health guideline
development process in Australia and internationally, as it aims to understand the experiences and
perspectives of the two key groups of people involved in developing public health guidelines and
statements for the National Health and Medical Research Council (NHMRC); the independent groups
contracted and responsible for conducting the systematic searches and evaluations of the quality of
the evidence; and those on the working committee. Chapter Three explores this process and its
potential implications for future public health guideline development in Australia, with the aim to
enhance the processes and methods for public health guidelines. My findings will directly inform the
ongoing development of the NHMRC “Guidelines for Guidelines” report, which will have chapters

developed specifically for the development of public health guidelines.®

In Chapter Four of this dissertation | discuss health and policy implications of these findings,
potential solutions to the key issues identified, and future steps to continue to improve both the
credibility of primary studies that form the evidence base and the methods used in developing

rigorous guidelines to protect the public’s health.
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Summary

My dissertation and publications contribute to understanding bias in nutrition research and public
health guideline development. Figure 2 illustrates how my publications relate to the primary themes
of studying bias in primary nutrition research, evidence synthesis methods, and guideline

development. This body of evidence was created using a variety of methods:

e meta-analysis and systematic review to measure bias in primary nutrition research

(Chapter One);

e content analysis to understand the methods used in synthesising evidence for public

health guidance development (Chapter Two);

e gualitative analysis of interviews using Grounded Theory to understand social

influences on guideline development (Chapter Three).
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Figure 2. Contribution to understanding bias in nutrition research and public health guideline development

Chapter One
Measuring Commercial Influences in Nutrition Research

- Chartres N, Fabbri A, Bero LA. Association of Industry Sponsorship
with Outcomes of Nutrition Studies: A Systematic Review and Meta-
analysis. JAMA Internal Medicine. 2016;176(12):1769-77.

- Chartres N, Fabbri A, McDonald S, et al. Association of industry ties
with outcomes of studies examining the effect of wholegrain foods
on cardiovascular disease and mortality: systematic review and
meta-analysis. BMJ Open. 2019;9(5):e022912.

- Chartres N, McDonald S, Turton J, Allman-Farinelli M, Mckenzie JR,
Bero LA. The association of industry sponsorship with findings of
randomised controlled trials examining the effect of wholegrain
foods on cardiovascular disease outcomes, Systematic review and
Meta-analysis. (under review)

-Chartres N, Fabbri A, McDonald S, Diong J, Mckenzie JR, Bero LA.
The association of food industry ties with findings of studies
examining the effect of dairy foods intake with cardiovascular
disease and mortality: Systematic review and Meta-analysis. (under
review)
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Chapter Two
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-Chartres N, Bero LA, Norris SL. A review of methods used for
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hazards. Environ Int. 2019;123:231-239.

Chapter Three

Understanding the Social Influences on Public Health
Guideline Development

- Chartres N, Grundy Q, Parker L, Bero L. "It’s not smooth sailing”:
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public health guideline development. (under review)
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Measuring Commercial Influences in Nutrition Research
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Overview

As discussed in the introduction of this dissertation, bias may be introduced in any stage of the
research process, including the questions that are asked, in the design and conduct of a study and
through the publication of the study results. We previously examined the association between
funding source and the research agenda in nutrition research and found that corporate funders are
likely to sponsor studies that examine specific nutrients and do not consider the level of food
processing (see Appendix i. ‘Study sponsorship and the nutrition research agenda: analysis of
randomised controlled trials included in systematic reviews of nutrition interventions to address

obesity’’!

and Appendix ii. ‘Study sponsorship and the nutrition research agenda: analysis of cohort
studies examining the association between nutrition and obesity’).? In this Chapter we therefore

sought to measure the influence of food industry sponsorship on the research methods.

While there have been previous examinations into the relationship between research sponsored by
the food industry and the conclusions of studies, there has been little study of difference in the
design features of studies sponsored by industry vs. other sponsors. In addition, these studies have
only focused on a narrow range of nutrition research topics such as sugar sweetened beverages and
have not controlled for other factors that may have affected the research results, including the
internal validity or risk of bias of the studies, when assessing the influence of funding source. Only
one methodological study examined the association of author conflicts of interest and conclusions,
and found a statistically significant association between them.? Chapter One addresses these gaps by
examining the association of both funding source and author conflicts of interest with the outcomes

and methods of nutrition studies.
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My hypothesis was that studies funded by the food industry and /or that had authors with conflicts
of interest with the food industry, were more likely to have results and conclusions that would
favour the sponsor, than studies without industry funding or authors with a conflict of interest. |
tested this hypothesis by using meta-analytic techniques to quantify the association of industry
sponsorship and authors conflicts with the direction and magnitude of the results, effect size and
conclusions. My secondary hypothesis was that studies with or without industry ties would be
similar in risks of bias as has been shown in examinations of the association of funding source with

risks of bias in drug studies.*

In our first systematic review and meta-analysis, ‘Association of Industry Sponsorship with Outcomes
of Nutrition Studies: A Systematic Review and Meta-analysis’ we sought to assess the evidence on
industry influence across all nutrition research by measuring whether food industry sponsorship of
nutrition studies is associated with outcomes that favour the sponsor. We found that the few studies
that have examined biases in nutrition research were limited in scope and had not assessed the
effect of industry sponsorship on the results or internal validity of the included studies or throughout

the entire research process.

The following three systematic reviews and meta-analyses in Chapter One filled this gap in
knowledge. We did this by measuring the association of food industry sponsorship and authors with
a conflict of interest with the food industry and the study results, conclusions and risk of bias in
studies measuring the effect of foods recommended in dietary guidelines, such as wholegrains and

dairy foods and specific health outcomes, such as cardiovascular disease.
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Selection of study topics

To establish the questions and body of evidence relevant to recent dietary recommendations, we
assessed a review of the questions used in the development of dietary guidelines from 2010-2015 in
the Food and Agricultural Organization of the United Nations (FAO) database.® For example, if a
guideline recommendation was related to wholegrain intake and cardiovascular disease, we
reviewed the entire body of evidence relevant to this question. The rationale for this was we sought
to identify foods that the food industry may have an interest in testing to establish health benefits
and develop products with these foods or ingredients, to help market their food products. For
example, the food industry attempts to test formulated wholegrain products, such as breakfast
cereals. As the overarching aim of this dissertation was to reduce bias in public health guidelines, the
evidence base on which they are built, must be assessed for bias. We therefore sought to review the
entire body of evidence used in each recommendation that we selected, to measure bias in the

results that are used in forming these recommendations.

Our analyses provide the first empirical examination and quantitative data on the effects of food
industry sponsorship and author conflict of interest on the magnitude and direction of results,
conclusions and risk of bias of the primary nutrition studies used in the development of dietary
guidelines. We found an association of industry sponsorship and authors with a conflict of interest
with the outcomes of studies, even when controlling for risk of bias or internal validity between the
studies. As discussed in the following chapters of this dissertation, this new knowledge on funding
bias that has been shown to influence research outcomes can be used to improve how nutrition
studies used in public health guidelines, such as dietary guidelines, and nutrition policy, are assessed
and accounted for in evidence synthesis. In the following chapters, we will also explore the

necessary steps to minimise bias throughout the entire guideline development process.
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Abstract

Importance: Food industry sponsorship of nutrition research may bias research reports, systematic
reviews, and dietary guidelines.

Objective: To determine if food industry sponsorship is associated with effect sizes, statistical
significance of results, and conclusions of nutrition studies with findings that are favorable to the
sponsor and, secondarily, to determine whether nutrition studies differ in their methodological quality
depending on whether they are industry-sponsored.

Data sources: OVID MEDLINE, PubMed, Web of Science and Scopus from inception until October 2015;
the reference lists of included reports.

Study selection: Reports that evaluated primary research studies or reviews and that quantitatively
compared food industry sponsored studies with those that had no or other sources of sponsorship.
Data extraction: Two reviewers independently extracted data from each report and rated its quality
using the ratings of the Oxford Centre for Evidence-Based Medicine, ranging from a highest quality
rating of 1 to a lowest of 5.

Main outcomes and measures: Results (statistical significance and effect size) favorable to the
sponsor and conclusions favorable to the sponsor. If data were appropriate for meta-analysis, we used
an inverse variance DerSimonian-Laird random-effects model.

Results: Of 775 reports reviewed, 12, with quality ratings ranging from 1 to 4, met the inclusion
criteria. Two reports, with data that could not be combined, assessed the association of food industry
sponsorship and the statistical significance of research results; neither found an association. One
report examined effect sizes and found that studies sponsored by the food industry reported
significantly smaller harmful effects for the association of soft drink consumption with energy intake
and body weight than those not sponsored by the food industry. Eight reports, including 340 studies,
assessed the association of industry sponsorship with authors’ conclusions. Although industry

sponsored studies were more likely to have favorable conclusions than non-industry sponsored
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studies, the difference was not significant, RR: 1.31 (95% Cl: 0.99 to 1.72). Five reports assessed
methodological quality; none found an association with industry sponsorship.

Conclusions and Relevance: Although industry-sponsored studies were more likely to

have conclusions favorable to industry than non—industry-sponsored studies, the difference

was not significant. There was also insufficient evidence to assess the quantitative effect of

industry sponsorship on the results and quality of nutrition research. These findings suggest

but do not establish that industry sponsorship of nutrition studies is associated with

conclusions that favor the sponsors, and further investigation of differences in study results

and quality is needed.
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INTRODUCTION

Dietary guidelines provide recommendations to reduce the risk of conditions such as obesity,
diabetes and cardiovascular disease. Even when dietary guidelines have been based on systematic
reviews, the evidence has been criticized for being biased? and guidelines contain conflicting
recommendations.>* Recent scrutiny of the funding practices of transnational food companies® has
heightened concerns about the credibility of nutrition research and how sponsorship affects the
findings.®® It is important to know whether funding source influences the statistical significance of
the results or the effect sizes of nutrition studies and should, therefore, be considered when

assessing biases in these studies.®

Considerable evidence suggests that industry sponsorship of research is associated with outcomes
that favor the sponsor.!** Examinations of pharmaceutical and tobacco industry sponsored
research show that, even when controlling for methodological biases, industry sponsored studies are
more likely to have results that favor the sponsor’s product than studies with other sources of
sponsorship.tt1>18 Industry sponsors can influence the outcomes of a study in many ways, including
the framing of the research questions, the design and conduct of the study, selective reporting of
results, and ‘spin’ on conclusions.’*° Food companies appear to use tactics similar to those of the

tobacco industry to influence research. 132021

Prior assessments of the influence of industry sponsorship and conflicts of interest in nutrition
research have had conflicting results.?>?® It is unclear whether studies of sponsorship bias in
nutrition research have controlled for other potential biases, such as methodological quality, that
could also influence research outcomes. We conducted a systematic review of studies examining the
association of industry sponsorship with the statistical significance of results, effect sizes, and

conclusions of nutrition research.
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Our objectives were to determine whether: (1) Published nutrition studies with food industry
sponsors are more likely to have results and/ or conclusions that are favorable to the industry; and
(2) Published nutrition studies sponsored by industry differ in their methodological quality compared

with studies with other or no sponsors.

METHODS

Inclusion and exclusion criteria

This review includes published reports that were designed to quantitatively compare food industry
and non-food industry sponsored samples of primary nutrition research studies (such as cohort
studies) or reviews. We excluded conferences presentations, opinion pieces and letters to the

editor. We had no language restrictions.

Primary Outcomes

We hypothesized that studies with food industry sponsorship would be more likely to have favorable
results and conclusions than those without industry sponsorship. We assessed two primary
outcomes:

1. Results (statistical significance and effect size) favorable to the sponsor.

For studies of health benefits, favorable results were defined as those that were statistically
significant (e.g. P < 0.05 or 95% confidence interval excluding the possibility of no difference) in favor
of the sponsor’s product(s) or diet. For studies of harms, favorable results were defined as those
where harms were not statistically significant (e.g. P > 0.05 or 95% confidence interval including the
possibility of no difference) or results that had a statistically significant measure of harm in the

comparator group.
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We also determined whether each report assessed the magnitude of effect size estimates as an
outcome. The effect size measures the standardized mean difference between groups; an effect size
of 0 means there is no difference. Since the effect size is a measure of the magnitude of an effect, it

can be compared across different outcome measures.

2. Conclusions favorable to the sponsor.

Conclusions that suggested the nutrition intervention or exposure being studied was beneficial to
health and / or safe were considered favorable to the study sponsor. Otherwise, the conclusions

were considered unfavorable.

Secondary Outcome
We determined whether each report compared the methodological quality of industry vs. non-

industry sponsored studies.

Search Strategy
We searched Ovid MEDLINE, PubMed, Web of Science, and Scopus (inception to October 2015)
(Supplemental file 1). We hand searched the references lists of all included reports to identify any

additional relevant reports that the electronic searches missed.

Selection of studies

Two investigators (NG & LB) independently screened the titles and abstracts of all retrieved records
for obvious exclusions, and then applied our inclusion criteria to the full text of the remaining
reports. Any discrepancies were resolved by consensus. Reasons for exclusion are in Supplemental

file 2.
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Data extraction

Two assessors (NG & AF) independently extracted data from each included report; a third assessor
(LB) adjudicated any disagreements. We contacted the authors of two reports to acquire missing

data.

Rating system to evaluate the quality of evidence

Two investigators (NG and LB) independently rated the quality of the included reports using the
Oxford Centre for Evidence-based Medicine ratings; with a highest rating of 1 to a lowest of 5. The
quality ratings are: 1= Properly powered and conducted randomized clinical trial; systematic review
with meta-analysis; 1a = systematic review without meta-analysis; 2= Well-designed controlled trial
without randomization; prospective comparative cohort trial; 3= Case-control studies; retrospective
cohort study; 4 = Case series with or without intervention; cross-sectional study; 5 = Opinion of

respected authorities; case reports.?*

Statistical Analysis

To test our hypothesis that studies with food industry sponsorship would be more likely to have
favorable conclusions than those without industry sponsorship, we conducted a meta-analysis using
Review Manager 5.3 software (The Cochrane Collaboration). We assessed statistical heterogeneity
using the |? statistic, a statistic that quantifies the variability in effect estimates that is due to
heterogeneity rather than chance. Because heterogeneity was substantial (defined as an 1>> 50%),
we used an inverse variance DerSimonian-Laird random-effects model for the meta-analysis. Due to
the lack of homogeneous data on statistical significance of results or effect size, we could not

quantitatively synthesize data (i.e., conduct a meta-analysis) on these outcomes.
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RESULTS

Search results and Characteristics of included reports

As shown in Figure 1, 775 references were identified and 12 reports met the inclusion criteria.

Table 1 summarizes the characteristics of the included reports. The quality of the reports ranged
from 1 to 4. The 12 reports were published between 2003 and 2014. The median number of
included studies was 68.5 (range: 17 to 2539). Four reports included randomized controlled trials
(RCTs) only, 2 included reviews only and 6 included a mix of study designs. Four reports focused on
the effects of sugar-sweetened beverage consumption and 4 focused on a broad range of

interventions to reduce obesity.

The reports defined industry sponsorship in different ways (Table 1). Nine reports examined
associations of industry sponsorship and reported outcomes. Three reports examined both industry
sponsorship and author conflicts of interest together, while 1 of these examined industry

sponsorship and author conflicts of interest separately.

The most commonly studied outcome was the association of industry sponsorship with conclusions
(8 reports); five reports assessed only conclusions. Supplemental file 3 shows how conclusions that
were favorable to the sponsor were defined and measured in the reports. Only 1 report assessed
the association of industry sponsorship with effect size estimates and 2 measured the association

with statistical significance of the results.

Of the 12 reports, 1 was industry funded and 8 were not; 1 report had no external funding and for 2
reports funding was not disclosed (Table 2). Authors of 3 reports had financial ties to the food
industry; for 6 reports, the authors stated they had no conflicts of interest and for 3 reports author

conflicts of interest were not disclosed.

Methodological “quality” was assessed in 5 reports using a variety of definitions and tools (Table 3).
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Summary of Findings

Statistical significance: Industry sponsored versus non-industry sponsored studies

Neither of the 2 reports that examined the association between industry sponsorship and the
statistical significance of results found an association. Both of these reports were systematic reviews
(quality rating 1a). The results of the reports could not be combined because they measured
statistical significance in different ways (per study versus all individual outcomes). One report
containing 70 RCTs measuring the efficacy and harm of synbiotics, probiotics and prebiotics (foods or
supplements that aim to stimulate the growth of beneficial gut bacteria) found no significant
association between funding source and statistically significant results for 7 of the 8 clinical
outcomes examined. Overall, industry sponsored studies reported 20.6% (73/354) of all clinical
outcomes as favorable compared to non-industry sponsored studies, which reported 16.7% (9/54) as
favorable.?> The second report examining 19 RCTs assessing calcium supplementation in healthy
children found that there was insufficient variability in the study results to measure any association
between study sponsorship and results; almost all study results found a statistically significant

improvement in bone health outcomes.?®

Effect size: Industry sponsored versus non-industry sponsored studies

Only 1 report including 88 observational studies and RCTs examining sugar-sweetened beverages
and various health outcomes assessed the relationship between industry sponsorship and effect
size.”” The report was a systematic review that analyzed RCTs and observational studies in separate
meta-analyses (quality rating 1). For the harmful outcome of energy intake, overall effect size was
smaller in industry [0.05, 95% Cl: 0.04, 0.07] compared to non-industry [0.23, 95% Cl: 0.22, 0.24]
(P<0.006) sponsored studies, and for the outcome of body weight, effect size was also smaller in
industry [0.02, 95% CI: 0.01, 0.04] versus non-industry [0.10, 95% CI: 0.09, 0.11] (P<.006) sponsored

studies. However, no significant difference in effect size was observed among RCTs.
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Conclusions: Industry sponsored versus non-industry sponsored studies

Eight reports, including 340 studies, examined the association of sponsorship and conclusions, and
all could be combined in a meta-analysis (Figure 2). Although industry sponsored studies were more
likely to have favorable conclusions than non-industry sponsored studies, the difference was not

significant, RR: 1.31 (95% Cl: 0.99 to 1.72).

We conducted 2 additional analyses to explore heterogeneity. Two of the 8 reports defined industry
sponsorship as a combination of study sponsorship and author conflicts of interest, and these could
not be separated for analysis.???® We conducted a sensitivity analysis excluding these 2 reports and
found similar results RR: 1.20 (95% Cl: 0.93 to 1.54), I1?= 42%. In addition, two reports included only
reviews and not primary research studies.?>% Exclusion of these from the analysis produced similar

results RR: 1.11 (95% Cl: 0.92 to 1.34), I°’= 5%.

One report, with quality rating 1a, examined the association of author conflicts of interest and
conclusions.?® This report examined the health risks and nutritional value of genetically modified
foods and found a significant association between author conflicts of interest and favorable study
conclusions; 100% (41/41) of studies with author conflicts of interest reached favorable conclusions

compared to 76% (39/51) without author conflicts of interest, RR 1.31 (95% CI: 1.12 to 1.52).

Methodological quality: Industry sponsored versus non-industry sponsored studies

Five reports compared the methodological quality of industry sponsored with non-industry
sponsored studies (Table 3). No reports examined the association of authors’ conflicts of interest
with methodological quality. One report assessed risk of bias of the included studies using Cochrane
methodology® and found there was no significant association of industry sponsorship and random
sequence generation, allocation concealment, blinding, or selective reporting.?® Industry sponsored

studies had significantly less missing data than non-industry sponsored studies33. Three reports used
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different tools to assess methodological quality using a score (e.g., primary and review Quality
Criteria Checklist and Chalmers method) (Table 3), and found no differences in quality scores
between industry and non-industry sponsored studies.?>3%37 One report measured quality using
CONSORT and found that reporting was equivalent, regardless of funding.® CONSORT, however, is
a guideline for reporting trials and does not assess how they are actually conducted or the means to

reduce bias.3*3°

DISCUSSION

Our review identifies a gap in empirical evidence on the association of industry sponsorship or
authors’ conflicts of interest and the outcomes of nutrition research. The majority of the reports
examined only the effects of sponsorship on conclusions. Influence on conclusions is important to
study because the relationship between industry sponsorship and conclusions favorable to the study
sponsor has been previously demonstrated in tobacco, ** pharmaceutical ! and environmental toxin

research.3® ‘Spin’ on conclusions, which has been identified as a tactic used in other industries, 164°

1940 and can undermine the credibility of research reports.

can influence how research is interpreted,
From the standpoints of developing systematic reviews, dietary guidelines and other evidence-based
advice, the results are more relevant than the conclusions; for example, only the results are included
in systematic reviews.

Our findings suggest that there is insufficient evidence to assess the quantitative effect of industry
sponsorship on the results of nutrition research and, thus, account for this bias in systematic
reviews. The two reports that assessed the association of sponsorship and the statistical significance
of research results found no association.?>?¢ This may be because there was insufficient power to
compare industry and non-industry sponsored studies, as most of the studies were industry
sponsored. In addition, funding sources of nutrition studies are often not disclosed.® Improved

disclosure of funding sources and larger samples for analysis should make it possible to assess the

association of funding source with statistical significance of study results, as well as effect sizes. Itis
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important to determine whether industry sponsorship affects the results of nutrition research, as

has been shown for pharmaceutical industry funding of drug research.!

Food industry sponsorship and methodological quality

Our review found that industry sponsored studies were equal or better in quality than those with
other funding sources. However, methodological quality was usually measured using tools that
derived quality scores. The use of quality scores can be problematic, because the choice of scale can
influence the results of meta-analyses. Individual study domains should be assessed instead.*! These
findings are consistent with previous examinations of pharmaceutical and tobacco research showing
that industry sponsored studies are of equal or better quality to non-industry funded studies.1>42
Industry sponsorship can influence research results in a variety of ways. Methodological quality is
only one characteristic that can influence study outcomes. Sponsors can also frame research
guestions to produce a desirable outcome or to generate research that diverts attention from
certain questions. For example, the tobacco industry funded research on the adverse health effects
of indoor air components other than tobacco smoke to distract from the evidence on harms
associated with environmental tobacco smoke exposure .2°> Sponsors can influence how the study is
actually conducted and whether the results of the study are published in full or not. ** Although
industry sponsorship has been associated with selective reporting of research outcomes that favor

the sponsor, * this practice was not assessed in any of the reports we reviewed. The association of

research sponsorship with the design and reporting of nutrition research should be examined.

Strengths and limitations of the review
We conducted a comprehensive search and followed explicit and well-defined inclusion and
exclusion criteria for the reports. Authors of reports were also contacted for additional data. We

reported on all outcomes and rated the quality of all the reports we included.
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The limited number of studies that met our inclusions criteria prevented the conduct of statistical
analyses of the relationship between industry sponsorship and study results. We could not
guantitatively synthesize data for all outcomes because the reports were heterogeneous. They
included different topics and designs of studies and classified industry sponsorship in different ways.
In addition, we only included data on sponsorship that was disclosed, and did not seek to identify

industry funding or other associations that were not disclosed in the publications.

Implications

The scrutiny of the funding practices of large transnational food companies®’ has threatened the
credibility of nutrition research and researchers.’> However, without empirical work examining the
association of industry sponsorship with the results of nutrition research, researchers, policy makers
and the public have no way of quantifying and understanding the extent of industry influence on the
data. Itis challenging to rigorously assess the association of industry sponsorship with research
outcomes. The quality of the reports we examined varied. Research to quantify the influence of
industry sponsorship on effect estimates can be improved by obtaining complete and accurate data
on sponsors of research and conflicts of interest of sponsors and authors, and focusing on specific
research questions and study designs. Thus, bias in study methods, as well as bias related to
sponsorship, can be measured.

Most of the studies included in our review focused on sponsorship by large transnational food
companies. However, conflicts of interest in nutrition research are complex because they
encompass more than financial relationships with the manufacturers of the food products being
tested®® For example, there is a conflict of interest if an investigator receives royalties from selling
their own dietary advice. In addition, trade organizations representing different food groups also
sponsor nutrition research. 4" Therefore, it is important to know if the extent and mechanisms of

bias are similar across different types of sponsors.
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Previous research documenting the influence of industry sponsorship on research in other health-
related fields has led to international reforms to make data more accessible, conflicts of interest and
funding more transparent, and to calls for stricter standards and policies for managing conflicts of
interest, critiquing and reporting evidence, and conducting systematic reviews.%44° Similar
research is needed to help refine methods for evaluating studies used in systematic reviews that
form the basis of dietary guidelines. Such research should also determine whether 1) biases
associated with industry conflicts of interest require policies for disclosure and management similar
to those now widely accepted in clinical research, 2) mechanisms to reduce publication bias, such as
study registries or open access data, should be considered for nutrition studies, and 3) research

agendas should be revised to produce studies that are relevant to population health.

In conclusion, our findings suggest, but do not establish, that industry sponsorship of nutrition
studies is associated with conclusions that favor the sponsors, but not differences in study quality.
Our findings also suggest that there is insufficient evidence to assess the quantitative effect of
industry sponsorship on the results of nutrition research and, thus, account for this bias in

systematic reviews.
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Table 1. Characteristics of the 12 Reports

Report Number and | Quality | Topic Comparison as Outcomes
type of Rating* defined in included measured
studies study**

Bes- 17 1 Effect of sugar- COl with food Conclusions

Rastrollo | systematic sweetened industry®vs. no COI

2013 reviews beverages on weight | with food industry

gain or obesity (Combined industry
sponsorship & author
col)

Diels 94 la Health risks and COl with food Conclusions

2011 intervention, nutritional value of industry?vs. no COI
composition genetically modified | with food industry
or simulation foods (GM foods) (Combined industry
studies sponsorship & author

col).
Kaiser 38 3 Quality reporting Industry sponsorship® | Quality
2012 RCTs scores in obesity and | vs. no industry
nutrition RCTs sponsorship*

Lesser 206 1a Health effects of soft | Industry sponsorship® | Conclusions

2007 intervention, drinks, juice and milk | vs. no industry
observation sponsorship
and reviews

Levine 67 4 Safety and efficacy COl with food Conclusions

2003 research of the fat substitute | industry®vs. no COI
articles and olestra with food industry
reviews (Combined industry

sponsorship & author
COl)

Massoug- | 20 1a Effect of sugar- Industry sponsorship’ | Conclusions

bodji reviews - sweetened beverage | vs. no industry Quality

2014 systematic, consumption and sponsorship
non- body weight
systematic
and meta-
analysis

Mugambi | 67 la The efficacy and Industry sponsorship® | Results

2013 completed safety of synbiotics, | vs. noindustry Conclusions
and 3 probiotics and sponsorship® Quality
ongoing RCTs prebiotics

supplementation in
infant formula

Myers 2539 3 Research report Industry Quality

2011 Intervention, quality of nutrition sponsorship® vs. no
observationa research industry
| studies and sponsorship!!
reviews

Nkansah 19 1a Calcium Industry Results

2009 RCTs supplementation sponsorship!? vs. no Conclusions

industry sponsorship
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and bone health in
children
Thomas 63 Quality reporting in Industry Quality
2009 RCTs long term Sponsorship*®vs no
interventions to industry sponsoship*
reduce obesity
Vartanian | 88 Association of soft Industry Results (effect
2007 RCTs and drink consumption sponsorship®® vs. no size)
observationa with nutrition and industry sponsorship
| studies, health outcomes
analyzed
separately
Wilde 79 Obesity- related Industry Conclusions
2012 observationa research sponsorship®® vs. No
| studies, industry
intervention sponsorship?’
studies and
reviews

RCT = randomized controlled trial; COI = conflicts of interest

*quality ratings: 1= Properly powered and conducted randomized clinical trial; systematic review

with meta-analysis; 1a = systematic review without meta-analysis; 2= Well-designed controlled trial

without randomization; prospective comparative cohort trial; 3= Case-control studies; retrospective

cohort study; 4 = Case series with or without intervention; cross-sectional study; 5 = Opinion of

respected authorities; case reports

**definitions of industry sponsorship used in each report:

1. COIl with food industry = Financial industry funding or the disclosure of potential conflicts of

interest of the authors

2. COl with food industry = Funding COI, at least one sponsor classified as industry or

Professional COI, at least one of the authors is affiliated with industry

*This review also separated Funding COI and Professional COIl in their analysis

3. Industry sponsorship = Industry funded studies plus mixed funding mixed
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10.

11.

12.

13.

14.

15.

16.

17.

No industry sponsorship = Non-industry funded studies plus private foundation or
governmental funding
Industry Sponsorship = Articles funded entirely by industry
COl with food industry = Articles with at least 1 Proctor & Gamble (P&G) author or
acknowledged P&G support or articles with at least 1 non-P&G food industry author or
acknowledged non-P&G food industry support
Industry sponsorship = Industry funded
Industry sponsorship = Industry funding or support
No Industry sponsorship = Non-Industry. It did not include None/Not Clear
Industry sponsorship = Industry funding. This category contained food manufacturing
companies (n=100), pharmaceutical companies (n=81), commodity groups (n=13), and other
funders (n=17)

No industry sponsorship = Comparisons were made in research report quality between
government, university/hospital and non-profit, separately

Industry sponsorship = Industry funding/mixed funding. This included nutritional
supplement industry.

Industry sponsorship = Industry supported. Industry was listed as funding the study, an
author was employed by a for-profit company making the product or service under study, or
both. This category contained drug industry sponsored studies. Only data from the non-drug
industry sponsored studies were included in our analysis
No industry sponsorship = None. No industry support was noted in the paper, and no author
was an employee of a for profit company making the produce or service under study
Industry sponsorship = Industry funded by the food industry

Industry sponsorship = Financial sponsorship from the federal government's semi-public
generic commodity promotion or “checkoff” programs for Fluid Milk and Dairy

No industry sponsorship = Financial sponsorship from the National Institutes of Health (NIH)
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Table 2: Funding sources and author conflicts of interest in the 12 reports

Report Funding Source* Disclosed author conflicts of interest**
Bes-Rastrollo 2013 None None

Diels 2011 None disclosed None Disclosed
Kaiser 2012 Non Industry? Yes?

Lesser 2007 Non Industry® None

Levine 2003 Non Industry® Yes (minor)?
Massoug-bodji 2014 Non Industry® None
Mugambi 2013 Non Industry® None

Myers 2011 Industry' None

Nkansah 2009 Non Industry® None

Thomas 2009 Non Industry" Yes?

Vartanian 2007 Non Industry' None Disclosed
Wilde 2012 None Disclosed None Disclosed

* Funding source as disclosed in the included report:

a. Supported in part by National Institute of Health grant

b. This study was supported by a grant from the Charles H. Hood foundation and discretionary
funds from the Department of Medicine, Children’s Hospital Boston to DSL.

c. This study was funded by J. Levine and J. D. Gussow.YLB Supported by a development grant
from the Foundation Lucie et Andre’ Chagnon. YLB received an educational grant from the
Fonds de Recherche du Québec, Societée et Culture.

d. Stellenbosch University Faculty of Medicine and Health Sciences, South Africa.

e. North American Branch of the International Life Sciences Institute (which receives food
industry sponsorship).

f. The study was supported in part by funding through the California Tobacco-Related Disease
Research Program (TRDRP) grant entitled ‘Corporate Strategies: Design, Conduct, Publication

of Research 2004 (Cycle XIlI) 13RT-0108H’ awarded to L.B.

56



g. This research was supported in part by NIH grant. This work was supported in part by the

Rudd Foundation.

** Author conflicts of interest as disclosed in the included report

1. Dr Allison has received grants, honoraria, donations, royalties, and consulting fees from
numerous publishers, food, beverage, pharmaceutical companies, and other commercial
and non-profit entities with interests in obesity and randomized controlled trials

2. A. Eccher has provided statistical expertise on market research studies for food companies.

3. DBA has received grants, honoraria, consulting fees, and donations from numerous food,
pharmaceutical, and other companies as well as on-profit organizations and government

agencies with interests in obesity-related issues.
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Table 3. Summary of assessments of methodological quality in 5 reports

Report

Instrument Used*

Findings

Kaiser 2012

Chalmers method*

Equal Quality:

Overall Chalmers Index

quality score (out of 100): Industry sponsorship,
M= 84.5 (s.d.=7.04) vs No

Industry sponsorship, M=79.4 (s.d. = 13.00).
Wilcoxon matched-pairs signed-ranks test Z = -
0.966, P = 0.334 (two tailed)

Massougbodji 2014

Assessment of Multiple
Systematic

Reviews (AMSTAR) 2 and
the Quality Criteria
Checklist for reviews
(Qce)?

Equal Quality:

No study comparison, only a statement “Quality
scores were not related to the source of
Funding”

Mugambi 2013

The Cochrane
Collaboration’s tool for
assessing risk of bias in
RCTs*

Equal Quality:

There was no statistical association found between
funding and methodological quality in 4 out of 6
domains. Industry sponsored studies were at a
lower risk of bias for missing data than non-
industry sponsored studies.

Myers 2011

Quality Criteria
Checklist (QCC) -Primary
Research?

and the Review
Research QCC 3

Equal Quality:

Industry sponsored research reports no more
likely to receive a neutral (OR 1.38, 95% Cl of OR
0.98-1.95) or negative quality rating (OR 1.90, 95%
Cl of OR 0.95-3.81) vs government (reference, OR
1.00)

Thomas 2008

CONSORT Statement®

Equal Quality:

Industry sponsorship (non-drug studies only) vs No
industry sponsorship Estimated Mean Difference
2.31(95% CI-0.70 to 5.31), (p=0.1287)

*Tools used to assess quality:

! Chalmers Method: Produces a weighted score for RCT quality that assesses the study protocol

(with randomization and blinding weighted most heavily), statistical analysis and presentation of

results. Points are awarded for the quality of reporting of trial information, not the quality of the

study design itself.*
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2AMSTAR (Assessment of Multiple Systematic Reviews): This tool calculates a quality score for
reviews based on review design, research strategy, selection of articles, data abstraction process,
assessment of the scientific quality of the studies included in the review, evaluation of publication
bias, or mention of possible conflicts of interest. The maximum score is 9 for a qualitative systematic

review and 11 for a meta-analysis.3!

3Quiality Checklist Criteria (QCC) for primary research and for reviews: These tools were developed
by the American Dietetic Association for assessing nutrition studies. Both tools include a mix of
guestions about reporting (e.g., were statistical tests adequately described) and how a study was
conducted (e.g., were statistical tests appropriate?). The QCC for primary research calculates a score
based on questions related to 10 domains (e.g., subject selection, blinding, outcomes, analysis) and
the QCC for reviews calculates a score based on questions related to 10 domains (e.g., search

strategy, study selection, analysis, etc.).??

“Cochrane Collaboration tool: The Cochrane Risk of Bias tool for Randomized Trials rates each of the
following domains - sequence generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome data, selective outcome reporting
and ‘other issues’ — as being at a high risk of bias, low risk of bias, or unclear risk of bias. An overall

score is not calculated.

>CONSORT (Consolidated Standards of Reporting Trials): This tool is a 25-item checklist describing

what should be reporting in a randomized controlled trial in the following sections: title/abstract,

introduction, methods, results, discussion.3%%
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Figure 1. Study flow diagram of included studies
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Figure 2. Favorable conclusions in industry vs. non-industry sponsored studies

Industry sponsored  Not Industry sponsored Risk Ratio Risk Ratio
Studyor Subgroup ~ Events  Total  Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bes-Rastrollo 2013 § b 2 12 39% 500(1.34,1862)
Diels 2011 ] 7 2 I 197%  1.19(082,1.1) L
Lesser 2007 15 U p 52 175%  1.35(0.88,2.08] ™
Levine 2003 8 k! 1 4 61%  147(054,4.00 -1
Massougbodi 2014 3 4 4 16 59%  300(1.08,6832 =t
Mugambi 2013 N kit 1 11 163%  1.36(085,216) 0 B
Nkansah 2009 13 16 2 381%  1.22(053,281) ——
Wilde 2012 {0 58 13 16 225%  085(0631.14) -
Total (95% CI) 190 150 100.0%  1.31[0.99,1.72) l’
Total events 142 80
Heterogeneity: Tau?= 0.07: Chi*= 1367, df= 7 (P = 0.06); P = 49% 1?0 100:

Testfor overall effect Z=1.89 (P = 0.06)
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Supplemental File 1. Search Strategy for Ovid Medline

1. Food/ or exp Food Industry/ or exp Food Habits/

2. exp Beverages/

3. exp Diet/

4. exp Food Habits/ or "nutrition* intervention*".mp.

5. exp Nutrition Policy/

6. exp Nutritive Value/

7. "food industry".mp. or exp Food Industry/

8. (nutrition* and (intervention* or science or studies or values or management or support or
treatment)).tw.

9. (diet* and (intervention* or science or studies or values or management or support or
treatment)).tw.

10.1or2o0r3o0rd4or50r6o0or7o0r8or9

11. "financial support".mp. or exp Financial Support/

12. "industry sponsored research".mp. [mp=title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier]

13. "Industry funding".mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier]

14. "Industry payment".mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier]
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15. "private funding".mp. [mp-=title, abstract, original title, name of substance word, subject heading
word, keyword heading word, protocol supplementary concept word, rare disease supplementary
concept word, unique identifier]

16. "funding source".mp. [mp=title, abstract, original title, name of substance word, subject heading
word, keyword heading word, protocol supplementary concept word, rare disease supplementary
concept word, unique identifier]

17. "funding opportunities".mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier]

18. "industry funded".mp. [mp-=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier]

19. "reporting bias".mp. [mp=title, abstract, original title, name of substance word, subject heading
word, keyword heading word, protocol supplementary concept word, rare disease supplementary
concept word, unique identifier]

20. "industry bias".mp. [mp=title, abstract, original title, name of substance word, subject heading
word, keyword heading word, protocol supplementary concept word, rare disease supplementary
concept word, unique identifier]

21. "financial conflict* of interest".tw.

22. "conflict* of interest".tw.

23. "non financial conflict* of interest".tw.

24. "Conflict of Interest"/

25. "industry sponsorship".mp.

26.11or12o0r130or14o0r150r16or17or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25

27. (review* or "systematic review*" or "content analysis" or "content analyses" or cohort).mp.

[mp-=title, abstract, original title, name of substance word, subject heading word, keyword heading
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word, protocol supplementary concept word, rare disease supplementary concept word, unique
identifier]

28.10 and 26 and 27
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Supplemental File 2. List of Excluded Studies

Study Reason for exclusion

Adams 2007(1) Not relevant to nutrition

Brownell 2009(2) Commentary not review

Chowdhury 2014(3) No industry sponsorship or COI analysis
Galbraith-Emami No industry sponsorship or COI analysis
2013(4)

Gudzune 2015(5) No industry sponsorship or COI analysis
Jacobson 2005(6) Commentary not review

James 2002(7) Commentary not review

Katan 2007(8) Commentary not review

Lazzerini 2013(9) No industry sponsorship or COIl analysis
Lubans 2013(10) Letter not review

Pezzuto 2008(11) Commentary not review

Rock 1999(12) Commentary not review

Rowe 2009(13) Commentary not review

Stuckler 2012(14) Commentary not review

Tappenden 2015(15) Commentary not review

References of Excluded Studies

1. Adams PJ. Assessing whether to receive funding support from tobacco, alcohol, gambling
and other dangerous consumption industries. Addiction. 2007.

2. Brownell KD, Warner KE. The perils of ignoring history: Big Tobacco played dirty and millions
died. How similar is Big Food? The Milbank quarterly. 2009;87(1):259-94.

3. Chowdhury R, Warnakula S, Kunutsor S, Crowe F, Ward HA, Johnson L, et al. Association of
dietary, circulating, and supplement fatty acids with coronary risk: a systematic review and meta-
analysis. Ann Intern Med. 2014;160(6):398-406.

4, Galbraith-Emami S, Lobstein T. The impact of initiatives to limit the advertising of food and
beverage products to children: A systematic review. Obesity Reviews. 2013.

5. Gudzune KA, Doshi RS, Mehta AK, Chaudhry ZW, Jacobs DK, Vakil RM, et al. Efficacy of
commercial weight-loss programs: an updated systematic review. Ann Intern Med. 2015;162(7):501
12.

6. Jacobson MF. Lifting the veil of secrecy from industry funding of nonprofit health
organizations. International journal of occupational and environmental health. 2005.

7. James JE. 'Third-party' threats to research integrity in public-private partnerships. Addiction.
2002.

8. Katan MB. Does industry sponsorship undermine the integrity of nutrition research? PLoS
medicine. 2007;4(1):e6.

9. Lazzerini M, Rubert L, Pani P. Specially formulated foods for treating children with moderate

acute malnutrition in low- and middle-income countries. The Cochrane database of systematic
reviews. 2013;6:Cd009584.

10. Lubans DR, Jones R, Okely AD, Salmon J, Baur LA. Review of Australian childhood obesity
research funding 2010-2013. Health promotion journal of Australia : official journal of Australian
Association of Health Promotion Professionals. 2013;24(2):155.
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11. Pezzuto JM. Grapes and human health: A perspective. Journal of agricultural and food
chemistry. 2008.

12. Rock CL. Conflict of interest: an important issue in nutrition research and communications.
Journal of the American Dietetic Association. 1999;99(1):31-2.

13. Rowe S, Alexander N, Clydesdale F, Applebaum R, Atkinson S, Black R, et al. Funding food
science and nutrition research: financial conflicts and scientific integrity. Nutr Rev. 2009;67(5):264-
72.

14. Stuckler D, Nestle M. Big food, food systems, and global health. PLoS medicine. 2012.

15. Tappenden KA. A unifying vision for scientific decision making: the Academy of Nutrition and
Dietetics' Scientific Integrity Principles. Journal of the Academy of Nutrition and Dietetics.
2015;115(9):1486-90.
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Supplemental File 3. Coding of Conclusions

Study

Definition of Favorable Conclusions
in the Review

Reliability Measure

Bes-Rastrollo,
2013

SRs were considered to have a
conclusion of a positive association
when they concluded that SSB
consumption may increase the risk of
weight gain or overweight/obesity. By
contrast, SRs were considered to have
a conclusion of no positive association
when they concluded that there was
insufficient evidence to assess the risk
of SSB consumption on weight gain or
obesity, or when they presented
contradictory results without stating
any definitive conclusion about the
association.

Two researchers, blinded to the
authors’ financial conflicts of interest
and stated sources of funding,
independently extracted the
conclusions stated in the articles. The
agreement between the

researchers was 93.3% (Kappa index:
0.86; p,0.001); disagreement was
resolved through a third researcher’s
assessment, to reach a consensus.
Based on these conclusions, we
classified the SRs into those that had
found a positive association versus
those that had not for the relationship
between SSB consumption and weight
gain or obesity.

Diels, 2011

Each article was classified based on
the following criteria:

1. Favorable — If the co-investigator
finds that no statement were made
that cast the product in a negative
light and, at the same time, the
conclusions suggest one or more of
the following:

(a) Beneficial health effects.

(b) Increased nutritional value.

(c) Absence of adverse health effects.
(d) Equivalence in nutritional value
between the GM product and the
non-GM reference line, if the GM
product was not developed with the
aim to increase nutritional value.

2. Unfavorable — If the co-investigator
finds that no statements were made
that cast the product in a positive light
and, at the same time the conclusions
suggest one or more of the following:
(a) Absence of expected beneficial
health effects.

(b) Adverse health effects.

(c) Lower nutritional value of the GM
product when compared

to the non-GM reference line.

(d) Equal nutritional value of the GM
product, when compared to the non-
GM reference line, if the GM product

Two independent co-investigators
classified the conclusions of each article
as generally “favorable”, ““unfavorable”
or “neutral”. None of the co-
investigators had any prior knowledge
of the classification produced by their
peers and had access only to the article

sections relevant to their task.
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was developed with the aim to
increase nutritional value.

3. Neutral — If the co-investigator finds
the study is inconclusive or

criteria for a favorable or unfavorable
classification were not

met.

Finally, the two co-investigators
exchanged classification data. An
article was excluded if no consensus
was reached on assigned categories.

Lesser, 2007

Article conclusions were classified as
“favorable,” “‘neutral,”” or
“unfavorable’” by two investigators
who had no knowledge of financial
sponsors. Favorable—if both
coinvestigators agreed that: (1) the
conclusions suggested beneficial
health effects or absence of expected
adverse health effects, and (2) no
statements were

made that cast the productin a
negative light.

Unfavorable—if both coinvestigators
agreed that: (1) the conclusions
suggested adverse health effects or
absence of expected beneficial health
effects, and (2) no statements were
made that cast the productin a
positive light.

Neutral—if the coinvestigators agreed
that the conclusions were neither
favorable nor unfavorable, or if the
coinvestigators could not agree on
classification.

The study coordinator provided two
coinvestigators (CBE and DSL) with each
article’s abstract and
discussion/conclusion section (as
available). The coinvestigators classified
article conclusions independently and
then met to resolve discrepancies,
using the categories outlined below.

Levine, 2003

The articles were reviewed and
classified

as supportive, neutral, or critical with
respect to the use of olestra by
criteria defined as follows:
Supportive: Emphasizes
safety/efficacy; recommends use;
criticizes authors questioning
safety/efficacy.

Neutral: Concludes that there is
insufficient information to assess
safety/efficacy; makes no
recommendations about use;
equitably assesses opposing views.
Critical: Emphasizes concerns about
safety/efficacy; recommends

The articles were first assessed by 2
raters

Independently (J.L. and J.G.), 1 of whom
did and 1 of whom did not make a
conscious effort to ignore authors’
stated affiliations. When the
independent rankings of the first 2
raters were compared, there were 19
discrepancies (for only 1 article the
difference was supportive vs critical; for
2 it was supportive vs neutral, and in
the 16 remaining cases, one of the
reviewers rated the article either
supportive or critical and the other was
undecided between the same rating
and neutral). All but 4 of these minor
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alternatives; criticizes authors
emphasizing safety/efficacy.

discrepancies were resolved by having
both raters reread the articles. The
articles then were submitted to a third
rater (D.H.) who had no prior contact
with either the articles or the other
raters’ ratings. The articles were sent to
this rater with all indications of authors’
affiliations removed. In the undisputed
cases, the latter ratings agreed with the
original 2 raters in all but 5 cases; in
those cases, the original ratings were
determinant. In the 4 originally
disputed cases, the third rater agreed
with one or the other of the original
raters, and her ratings were accepted
as final.

Massougbodji,
2014

For each review included in the
analysis, we extracted the final
statement on the association between
SSB consumption and obesity/weight
gain. These final conclusions were
anonymously compiled into a booklet;
each page contained the statement
with a Likert scale ranging from 0 = no
evidence of a causal relationto 5 =
strong evidence of a causal relation.

We selected a convenience sample of
11 readers among professionals and
graduate

students working in the field of obesity
research at the Quebec Heart and Lung
Institute Research Center. These
readers were invited to blindly score
their understanding of study
conclusions and an average position
score was calculated for each review.

Mugambi,
2013

The authors’ overall study conclusion
and conclusions on reported clinical
outcomes were evaluated and
categorized as:

1. Positive: The author’s conclusion
preferred the sponsor’s products over
control/placebo. Interpretation of
data supported the sponsor’s
products over control.

2. Negative: The sponsors’ products
were not preferred over control /
placebo. Interpretation of data did
NOT support the sponsors’ products.
3. Neutral: The author’s conclusion
was neutral to the sponsor’s products.
4. No clear conclusion was offered by
author.

Two reviewers (MM, ML)
independently extracted data using a
pretested data extraction form that was
designed

for this review. The reviewers (MM,
ML) cross checked data and resolved
any differences through discussion.
Unresolved disagreements were
resolved by a third party (RB)

Nkansah, 2009

The following categories were coded:
(xviii) authors’ conclusion (whether
the authors recommended Ca
supplementation, did not recommend
Ca supplementation or had a neutral
conclusion).

Articles meeting inclusion criteria were
examined individually by three
reviewers (study investigators: H.1., T.N.
and

N.N.) and subsequently coded using a
standard instrument. Each reviewer
extracted details from the articles
independently. After independent
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review, all three reviewers met to
reconcile the results of the coding, and
discrepancies were resolved by
reviewing the original article and
establishing

consensus.

Wilde, 2012

The article was determined to be
favorable if the results suggested
beneficial health effects or an absence
of expected adverse health effects;
the article was determined to be
unfavorable if the conclusions
suggested adverse health effects; and
the paper was determined to be
neutral if the conclusions were
neither favorable nor

unfavorable or null findings of the
expected beneficial health effects.

Each article's title and abstract was
read by the two article classifiers, who
made independent determinations
about whether the article was relevant
to dairy and obesity, and, if so, whether
the findings were favorable,
unfavorable, neutral, or
undeterminable to the dairy

Industry.

After classification, the two article
classifiers met to reconcile and
corroborate their determinations. For
each Principal Investigator—article pair,
the reviewers determined whether
their independent classifications of
relevancy and outcome were
unanimous or discrepant.

Those articles for which the relevancy
was discrepant were revisited and
either a consensus or divergence of
opinion was

established. Relevant articles were
reviewed further for outcome. For
those in which the outcome was
discrepant, the reviewers revisited the
abstracts and established either a
consensus or a divergence of opinion.
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Abstract

Objective: To determine if observational studies examining the association of wholegrain foods with
cardiovascular disease with food industry sponsorship and / or authors with conflicts of interest with
the food industry are more likely to have results and/ or conclusions that are favourable to industry
than those with no industry ties. To determine whether studies with industry ties differ in their risk
of bias compared with studies with no industry ties.

Design: Systematic review and meta-analysis of observational studies.

Data sources: We searched 8 databases from 1997-2017 and hand searched the reference lists of
included studies.

Eligibility Criteria for selecting studies: Cohort and case control studies that quantitatively examined
the association of wholegrains or wholegrain foods with cardiovascular disease outcomes in healthy
adults or children.

Results: 21 of the 22 studies had a serious or critical risk of bias. Studies with industry ties more
often had favourable results compared to those with no industry ties, but the confidence interval
was wide, RR=1.44 (95% Cl 0.88-2.35). The same association was found for study conclusions. We
did not find a difference in effect size (magnitude of RRs) between studies with industry ties, RR =
0.77 (95% Cl 0.58-1.01) and studies with no industry ties, RR = 0.85 (95% Cl 0.73-1.00) (P=0.50) I> 0%.
These results were comparable for studies that measured the magnitude using hazard ratios;
industry ties HR=0.82 (95% Cl 0.76-0.88) vs. no industry ties HR=0.86 (95% Cl 0.81-0.91) (P=0.34) I
0%.

Conclusions: We did not establish that the presence of food industry sponsorship or authors with a
COl with the food industry was associated with results or conclusions that favour industry sponsors.
The association of food industry sponsorship or authors with a COIl with the food industry and
favourable results or conclusions is uncertain. However, our analysis was hindered by the low level
of COl disclosure in the included studies. Our findings support international reforms to improve the

disclosure and management of conflicts of interest in nutrition research. Without such disclosures, it
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will not be possible to determine if the results of nutrition research are free of food industry
influences and potential biases.

Systematic review registration: PROSPERO ID CRD42017055841

Strengths and limitations of this study

- This is the first systematic review and meta-analysis to evaluate the association of industry
sponsorship and author conflicts of interest (COI) with the results, conclusions and risk of
bias of primary nutrition studies examining the effect of wholegrain foods on cardiovascular
disease outcomes.

- We conducted a comprehensive search and followed explicit and well-defined inclusion and
exclusion criteria for the included studies.

- Although our sample was small, we searched several databases and reference lists of
included studies.

- We did not attempt to contact the authors of studies lacking a COI disclosure statement,
thus, we may be underestimating the number of articles that had authors with conflicts of
interest.

- Our assessment of risk of bias in the included studies was based on a tool that is under

development, but changes to the tool are unlikely to affect the risk of bias ratings.
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BACKGROUND

Dietary guidelines are designed to promote wellbeing and reduce the risk of non-communicable
diseases. Recent evaluations of the development of dietary guidelines have identified concerns with
the methods of the systematic reviews and how evidence from these reviews is synthesised into
final recommendations.’® Several countries, including the United Kingdom, United States, and
Australia have dietary guidelines offering recommendations around the consumption of wholegrain
foods.*® The guidelines conclude that there is a probable association between whole grain
consumption and a reduced risk of cardiovascular disease.*® These recommendations are supported
by recent systematic reviews and meta-analyses of prospective cohort studies, which have found a
consistent, inverse relationship between wholegrain intake and cardiovascular disease (CVD) risk
and mortality .”° However, the beneficial effects of wholegrains on CVD when assessed in

randomised controlled trials (RCTs) are uncertain. *°

Wholegrain products can be defined in various ways, including by the species (e.g., wheat, oats),
components (e.g., endosperm, bran, germ), and percentages (e.g., 25%-100%). While some food
regulators use a definition of 100% retention of wholegrain content, the epidemiological literature
typically uses 25% or more retained content. In the development of the Australian Dietary
Guidelines, the most common definition for whole grain foods was those containing 25% or more of

wholegrains.!

Dietary guidelines use a variety of methods to assess bias in primary research studies, but these do
not assess one potential source of bias — financial conflicts of interest.'? Across a variety of research
areas, industry sponsorship and author conflicts of interest (COIl) have been found to be associated
with outcomes that favour the study sponsor. 3> Even when controlling for methodological biases,
industry sponsored studies are more likely to have results that favour the sponsor’s product than
those studies with no or other sources of sponsorship.?* Industry sponsors may bias research via the
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guestions they ask (research agenda), how they design and conduct a study, the selection of results

they report and through ‘spin’ on conclusions. 61°

A systematic review of methodological studies that compared food industry sponsored studies with
those that had no or other sources of sponsorship found that food industry sponsored studies were
more likely to have favourable conclusions than non-industry sponsored studies. 2 However, there
were insufficient data to quantitatively assesses the association of sponsorship with study results.
Only one methodological study examined the association of author COIl and conclusions, and found a

statistically significant association between them.?

Funding sources and author COI may be a risk of bias in studies of wholegrain consumption as these
studies could test formulated or processed wholegrain products, such as breakfast cereals. Industry
sponsors may gain financially from finding that these types of products have health benefits that can
be used to market their products. There has been no assessment of the association of food industry
sponsorship and author COI with the food industry and the statistical significance of results, effect
sizes, conclusions and risk of bias of observational studies examining the cardiovascular health
benefits of wholegrain consumption. The primary objective of this review is to determine whether:
e Primary studies examining the association of wholegrain foods with cardiovascular disease
with food industry sponsorship and / or authors with COI with the food industry are more
likely to have results and/ or conclusions that are favourable to industry than those with no

industry ties.

e This review also examines whether any differences between industry and non-industry

sponsored studies could be related to their methods or interpretation of results.

The secondary objectives of this review are to determine whether:
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e Studies with food industry sponsorship and / or authors with COI with the food industry

differ in their risk of bias compared with studies with no industry ties.

e Studies with food industry sponsorship and / or authors with COI with the food industry
have a higher level of discordance between study results and conclusions, with the

conclusions more likely to be favourable compared to the results.

METHODS
We conducted a systematic review of observational studies examining the association of wholegrain

consumption with cardiovascular disease.

Literature search strategy

The search was based on the Process Manual used in the development of the 2013 Australian
Dietary Guidelines?? and the advice of an information specialist. We searched the following
databases from January 1997-October 2017: MEDLINE; CINAHL; PubMed; PreMEDLINE; Cochrane
Library; PsycINFO; Science Direct; and ERIC. The search strategy we used for Ovid MEDLINE is shown
in Supplementary file 1. We adapted this strategy for the other databases. We also hand searched
the references lists of identified studies and reviews. The search also included terms for randomized

control trials to identify relevant trials for a future systematic review.

Eligibility Criteria

The randomized controlled trials identified in our search were included in another review currently
under development. We selected observational studies for this review. This review included primary
nutrition studies of cohort or case control designs that quantitatively examined the benefits or
harms of wholegrain consumption related to cardiovascular disease outcomes in healthy children

and/or adults.
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We included studies that defined wholegrains in any way, as defined by the author of the included
study. If total wholegrain consumption had been assessed in the study, we included this as our only
exposure. If total wholegrain consumption as an exposure was not available, we included any type of
wholegrain consumption (i.e. wholegrain cereal, breakfast cereal, bread, rice etc) as our exposure.
We included studies that compared wholegrain food to other foods or compared various levels of
wholegrain consumption. We included the result representing the effect of the highest level of
wholegrain consumption compared to the lowest level of wholegrain consumption (e.g., ‘yes’ to
wholegrain consumption vs. ‘no’ to wholegrain consumption, tertile 3 vs. tertile 1, quartile 4 vs.
quartile 1, quintile 5 vs. quintile 1). If our pre-specified rules for selection did not uniquely identify

one exposure for inclusion in the meta-analysis, we randomly selected one result.

We included studies that had a clinical outcome measure related to cardiovascular disease, defined
as mortality related to specific cardiovascular events, and/or cardiovascular events, (e.g., first
myocardial infarction, total stroke etc.). If ‘cardiovascular disease mortality/death/s’ (verbatim) had
been assessed, we included this as our only outcome. If not, we included any type of cardiovascular
disease mortality (e.g., coronary heart disease mortality, stroke mortality etc.) as our outcome. If
there were no mortality outcomes assessed in the study, we included any cardiovascular disease
event as our outcome. If a study assessed subgroups of cardiovascular disease deaths and events
(e.g., intracerebral haemorrhages, ischaemic stroke) and also assessed them collectively (e.g.,
cerebrovascular diseases), we took the result that had assessed them collectively. If our pre-
specified rules for selection did not uniquely identify one outcome for inclusion in the meta-analysis,

we randomly selected one result.

We excluded conferences presentations, opinion pieces and letters to the editor. We had no

language restrictions.
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Types of Outcome Measures
Primary Outcomes
We hypothesized that studies with food industry sponsorship and/or authors with a COI with the
food industry would be more likely to have favourable findings than those with no industry ties. We
assessed three primary outcomes:

1. Statistical significance of results favourable to the sponsor
Favourable results were defined as results that were favourable to the sponsor’s product(s), either
indicating greater health benefits or less harm than the comparator. Specifically, for studies of
health benefits of wholegrains, favourable results were defined as those that were statistically
significant at the 0.05 level (two tailed). For studies of harms of wholegrains, favourable results were
defined as those where harms were not statistically significant at the 0.05 level or there were a
statistically significant higher number of harms in the comparator group. Otherwise, results were

classified as unfavourable.

2. Effect size of results
Effect size was defined as the risk ratio, hazard ratio or odds ratio of the association between whole
grains and a clinical outcome of cardiovascular disease. We compared the magnitude of the pooled
effect estimates in studies with food industry sponsorship and/or authors with a COl compared with

studies with no industry ties.

3. Conclusions
Conclusions that suggested that the wholegrain intervention being studied was beneficial to health
and / or safe were considered favourable to the study sponsor. Otherwise, the conclusions were

considered unfavourable.
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Secondary Outcomes

We assessed two secondary outcomes:

1. The risk of bias of the included studies

We hypothesized that studies with industry sponsorship and/or authors with a COI with the food

industry would have the same overall risk of bias as those with no industry ties.

2. Concordance between study results and conclusions

We hypothesized that studies with industry sponsorship and/or authors with a COl would be more
likely to have discordant results and conclusions, with results not favouring the sponsor and

conclusions favouring the sponsor, than those with no industry ties.

Selection of studies

Three investigators (NC, SMc & JT, working in pairs) independently screened the titles and abstracts
of all retrieved records for obvious exclusions. Full text of potentially eligible studies was then
retrieved, and three investigators (NC, SMc & JT) assessed these against our inclusion criteria.

Agreement was reached by consensus.

Data Collection and analysis

Three assessors (NC, SMc & JT) independently extracted the following data from each included
study. Discrepancies in data extraction were resolved by consensus. If agreement could not be
reached, a fourth assessor (LB) adjudicated the outcome.

From each study we extracted:

e Year of publication
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e  Study design (cohort or case control)

e Sample size of study

o Age of participants

e Exposure duration or observation period

e How the study defined wholegrain (verbatim)

e Level of wholegrain content in wholegrain foods

e Disclosure of funding source (no disclosure, yes and there is a sponsor, the authors state
they received no funding for their work)

e Name of the funders of the study (verbatim)

e Role of the funders (role of the sponsor not mentioned, sponsor not involved in study
design and analyses, sponsor involved, N/A)

e Disclosure of author COI (no disclosure, yes, the authors state they had no conflicts of interest
to declare)

e Authors COI statement (verbatim)

e QOutcomes assessed in the study (any cardiovascular disease death and/or event)

e The numerical results of the study (eg., OR, HR)

We stored all extracted data from the included studies in REDcap, a secure web-based application

for the collection and management of data.?

Classification of industry sponsorship and author conflicts of interest

Sponsorship was categorized as 1) industry or 2) non-industry. We defined industry sponsored
studies as those declaring any sponsorship from the food industry, including if the study received
‘mixed funding’ from the food industry, non-profit organizations or other industries (i.e.
pharmaceutical). Any study with an author with any disclosed financial tie to the food industry was

classified as having a conflict of interest (COIl). Author COIl were categorized as 1) presence of a COI
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with the food industry or 2) no COI. Any studies that did not contain an author COI disclosure
statement were classified as no COl. We contacted the authors of one paper %* for clarification on

their disclosure of funding source.

Assessment of risk of bias in included studies

We used an adapted version of the Cochrane Collaboration’s ‘Risk of Bias in Non-Randomized
Studies-of Interventions’ (ROBINS-1)?> tool to measure the risk of bias of included observational
studies. The tool assesses bias across seven domains. Each domain is assessed at a low, moderate,
serious or critical risk of bias, or no information. The domain rating with the highest risk of bias
determines the overall risk of bias rating for the study. For example, if a study is rated as being at a

serious risk of bias in one domain, the overall risk of bias rating is ‘serious.’

Analysis
We report frequencies and percentages of study characteristics across all studies, and separately, by
funding source. We visually depict the overall risk of bias rating and the ratings for each domain by

study.

We calculated risk ratios or hazard ratios (and 95% confidence intervals) to quantify the association
between food industry sponsorship and / or authors with COI with the food industry and favourable
results, favourable conclusions and the overall study risk of bias rating. For the risk of bias rating
analysis we dichotomised the overall risk of bias ratings as low (low or moderate) or high (serious or
critical). We had planned to calculate a RR for level of concordance, however since in all studies

there was concordance between the results and conclusions, we did not undertake this analysis.

We used meta-analysis to examine whether food industry sponsorship and / or authors with COI

with the food industry modified the magnitude of association between whole grains and
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cardiovascular disease outcomes. Specifically, we undertook a subgroup analysis within a random
effects meta-analysis model that compared the pooled associations across subgroups defined by
industry sponsorship. The associations were pooled using inverse variance weighting and
DerSimonian and Laird’s method of moments estimator was used to estimate between study
heterogeneity. Separate meta-analyses were fitted for studies that had measured the association
using hazard ratios and those that had used either risk ratios or odds ratios. Given cardiovascular
events were rare, the odds ratios approximated risk ratios. We quantified heterogeneity for
subgroup differences using the I? statistic 2° and tested for heterogeneity using the Chi2 test. Review

Manager 5.3 was used to analyse the data. %’

Protocol Registration

The protocol is published in PROSPERO % ID CRD42017055841. (Supplementary file 2)

Patient Involvement

No patients were involved in the completion of this review.

RESULTS
Search results
We identified 6818 references for screening, from which, 22 studies met the inclusion criteria

(Figure 1). See Supplementary file 3 for ‘List of excluded Studies’ and reasons for exclusion.

Characteristics of included Studies

All studies were published between 1998 and 2015. Three of the studies were case control and 19
were cohort design. All studies contained a sponsorship disclosure. Five studies disclosed food
industry sponsorship, but only one of these had a statement describing the role of the sponsor. Five

studies contained an author with a COIl with the food industry. Ten studies did not contain an author
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conflict of interest disclosure statement. Nine studies contained either food industry sponsorship or

had an author with a COI.

A greater proportion of industry sponsored studies (67%) than non-industry sponsored studies (31%)
used a definition of wholegrain as greater than 25%, and most of these examined breakfast cereals
(Table 1). Industry sponsored studies were also more likely than non-industry studies to focus on a
specific food (44%) than total wholegrain intake (23%) (Table 1). Industry sponsored studies were
less likely (56%) to have a serious or critical risk of bias in classification of exposures than non-
industry sponsored studies (85%). Other characteristics were similarly distributed across industry vs.

non-industry sponsored studies. Details of each individual study are in Supplementary file 4.

Table 1. Characteristics of the included studies by sponsorship and author COI

Funding Source, n (%)

Characteristic Category Total Industry/COl | Non-
N=22 N=9 Industry/No
col
N=13

Sex Male 4 (18) 4 (44) 0(0)

Female 6 (27) 1(11) 5(38)

Both 12 (55) 4 (44) 8 (62)
Sample Size, <5000 6 (27) 2(22) 4 (31)
quartiles

5000-50,000 9 (41) 4 (44) 5 (38)

>50,000 7 (32) 3 (33) 4(31)
Length of Follow | N/A* 3(14) 1(11) 2 (15)
up

<10 years 1(5) 1(11) 0(0)

10-15 years 12 (55) 4 (44) 8(62)

>15 6 (27) 3 (33) 3(23)
Percent Not defined 12 (55) 3(33) 9 (69)
Wholegrain

>25%%** 10 (45) | 6(67) 4 (31)
Type of Only Wholegrain Intake 15 (68) 5 (56) 10 (77)
Wholegrain

Individual Wholegrain 7 (32) 4 (44) 3 (23)

Food***
Primary Favourable to Wholegrains 16 (73) 8 (89) 8(62)
Outcome

Unfavourable to Wholegrains | 6 (27) 1(11) 5(38)
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Conclusions Favourable to Wholegrains 16 (73) 8(89) 8 (62)
Unfavourable to Wholegrains | 6 (27) 1(11) 5(38)
Risk of Bias
Assessment
Serious/Critical Bias due to 21 (95) 9 (100) 12 (92)
confounding
Serious/Critical Bias in 3 (14) 1(11) 2 (15)
selection of participants into
the study
Serious/Critical Bias in 16 (73) 5 (56) 11 (85)
classification of exposures
Serious/Critical Bias due to 7 (32) 3(33) 4 (31)
deviations from exposures
Serious/Critical Bias due to 0(0) 0(0) 0(0)
missing data
Serious/Critical Bias in 1(5) 1(11) 0(0)
measurement of outcomes
Serious/Critical Bias in 0(0) 0(0) 0(0)
selection of reported results
Serious/Critical overall risk of | 21 (95) 9 (100) 12 (92)

bias

! Percentages may not add to 100 due to rounding
* Case control studies were not followed up
**Any wholegrain foods defined as >25%
***Individual foods included wholegrain cereal, breakfast cereal, bread & brown rice

Risk of bias in included studies

One study?® was assessed as having an overall moderate risk of bias, four as having a serious risk of
bias and 17 as having a critical risk of bias (Figure 2). The majority of studies had a critical risk of bias
in the confounding domain. For example, a confounder was fruit and vegetable intake. If this was
not appropriately controlled for when assessing the effect of wholegrain intake on a cardiovascular
disease outcome, the study was rated as having a risk of bias for confounding. All but one study was
assessed at a low risk of bias on the outcome measurement domain. For all domains, except

classification of exposure, the risk of bias ratings were similarly distributed across industry vs. non-

industry sponsored studies (Table 1).
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Favourable results - Statistical significance: Industry sponsored versus non-industry sponsored

The risk of reporting favourable outcomes was 44% higher in studies with industry sponsorship
and/or authors with a COI with the food industry RR= 1.44 (95% CI 0.88-2.35). However, the
confidence interval was wide and included differences in risks that were unimportant or operating in
the opposite direction as plausible estimates. When we compared only industry sponsored (n=5) and

non-industry sponsored studies (n=17), the risk was smaller RR = 1.13 (95% Cl 0.66-1.94).

Favourable results - Effect size: Industry sponsored versus non-industry sponsored studies

There was no difference in the magnitude of RRs (measuring the association between wholegrains
and cardiovascular disease outcomes) between studies with industry sponsorship and/or authors
with a COI with the food industry RR = 0.77 (95% Cl 0.58-1.01) and those studies with no industry
sponsorship or author COI RR = 0.85 (95% Cl 0.73-1.00) (subgroup test P=0.50, |1> = 0%) (Figure 3).

For studies that had measured the association using hazard ratios there was also no difference found
in the magnitude of HRs between studies with industry sponsorship and/or authors with a COl with
the food industry HR=0.82 (95% CI 0.76-0.88) and studies with no industry sponsorship or author COI

HR=0.86 (95% Cl 0.81-0.91) (subgroup test P=0.34, I* = 0%) (Figure 4).

Our analysis comparing studies with industry sponsorship RR 0.63 (95% Cl 0.28-1.39) and those with
no industry sponsorship RR 0.85 (95% Cl 0.74-0.97) (subgroup test P=0.46, I> = 0%), showed no
important difference in the magnitude of RRs. This was again comparable between industry
sponsored HR 0.82 (95% Cl 0.77-0.87) and non-industry sponsored studies HR 0.85 (95% Cl 0.81-

0.90) (subgroup test P=0.29), 1°=12.2%) that measured the association using hazard ratios.
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Favourable conclusions: Industry sponsored versus non-industry sponsored

As there was concordance between the results and conclusions of every included study, the same
associations were found for conclusions as for the statistical significance of results. Studies with
industry sponsorship and/or authors with a COI with the food industry were more likely to have
favourable conclusions compared to those with no industry sponsorship or author COI RR=1.44
(95% Cl 0.88-2.35), however the confidence interval was wide. When studies were compared only by

industry sponsorship, the risk was again smaller RR = 1.13 (95% Cl 0.66-1.94).

Risk of Bias Assessment by Industry Ties

Studies with industry sponsorship and/or authors with a COI with the food industry were less likely
(0/9) to have an overall low risk of bias rating compared to those studies with no industry
sponsorship or author COI (1/13), RR = 0.47 (95% Cl 0.02 -10.32), however there was large

uncertainty in the association.

DISCUSSION

Observational studies examining the effect of wholegrain consumption on cardiovascular disease
outcomes that were sponsored by the food industry and / or had authors with a COI with the food
industry more often had favourable results than research not tied to the food industry. However,
this finding was inconclusive with respect to the association between industry ties and favorable
results, as the relative risk could be as high as 2.35 or as low as 0.88. We found no evidence of a
difference in the magnitude of effect between industry sponsored and non-industry sponsored
studies. It is difficult to detect differences in effect size by sponsorship as many study design
features, such as dose and duration of exposures, and specific cardiovascular disease outcomes, vary
across studies and may influence the effect size. In previous assessments of drug studies that have

demonstrated that industry funded studies are more likely to have results that favour the study
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sponsors, there was no statistically significant difference found in effect sizes between industry and

non-industry sponsored studies. 1

Although all the included studies had a sponsorship disclosure, almost half were missing disclosures
about author COl. Nondisclosed COls in nutrition research are a concern.?® Larger samples of
industry funded studies and studies with disclosed author COI could make it possible to establish the

association of sponsorship with research outcomes.

Studies that were sponsored by the food industry and / or had authors with a COI with the food
industry more often had favourable conclusions than studies with no industry ties, although there
was uncertainty in this relationship. There was absence of spin in the included studies as all the

results agreed with the conclusions.

The overall risk of bias in every study, other than one non-industry sponsored study, ° was classified
as high (meaning either serious or critical). The overall risk of bias rating was based on the domain
with the highest risk of bias rating within each study, and most of the studies had a risk of bias
related to confounding. Across each domain, we found little difference in the risk of bias between

industry sponsored and non-industry sponsored studies.

Strengths and limitations of this review

Our review was registered in PROSPERO .22 We conducted a comprehensive search and followed
explicit and well-defined inclusion and exclusion criteria for the included studies. Although our
sample was small, we searched several databases and reference lists of included studies. Authors of
the studies for which we required clarification on funding source were also contacted, but we did
not attempt to contact the authors of studies lacking a COI disclosure statement. Thus, we may be

underestimating the number of articles that had authors with conflicts of interest. Our assessment
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of risk of bias in the included studies was based on a tool that is under development, but changes to

the tool are unlikely to affect the risk of bias ratings.?

Agreements and disagreements with other studies or reviews

The relationship that we identified between food industry sponsorship and authors with a COIl and
favourable study outcomes towards the study sponsor has been previously demonstrated in an
assessment of a broad range of nutrition research.?’ Only one study has reported an association of
food industry funding with effect sizes.3! Of studies examining the association between soft drink
consumption and adverse health outcomes, food industry sponsored studies reported significantly
smaller effects than non-food industry sponsored studies. Compared to our study, this study
examined studies with a homogeneous population of industry funders, sugar sweetened beverage
companies, which may have a more consistent influence on study outcomes than the diverse pool of

food industry sponsors in our study.

There was also no difference in the level of risk of bias between industry sponsored and non-
industry sponsored studies. This is consistent with previous assessments of pharmaceutical, tobacco
and nutrition research that has shown industry-sponsored studies are of equal or better quality than

non-industry-sponsored studies.'? 203234

Implications for clinicians, policy makers and future research

The recent critiques to reform the methods used in the development of dietary guidelines have
proposed steps to improve the transparency of how evidence is evaluated and synthesized into
recommendations. 12 However, until the influence of industry sponsorship in primary nutrition
studies has been further explored and measured with larger samples of industry sponsored studies,
or studies that have author disclosure statements, this bias may still be unaccounted for in dietary

guidelines. Although there was uncertainty around the differences in the results and conclusions
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that we observed between industry and non-industry studies, the differences are unlikely to be

explained by methodological risks of bias in these studies.

There are ways that study sponsorship can influence outcomes other than through the design of
research. Bias may also be introduced in the way industry sponsored studies code events and

3536 through the selective reporting of study outcomes and through publication bias. ¥’

analyse data,
It has been demonstrated in other areas of medical research that there is a greater propensity to
publish studies with statistically significant results. 38 Therefore, selective publication of study results
or studies in their entirety, may limit the availability of all relevant nutrition data and can skew
results that are used in dietary guideline development.®® Publication bias could be minimized with
the introduction of study registries for nutrition research, as has been established in pharmaceutical

research. % The association of food industry sponsorship with the reporting of nutrition research still

needs to be assessed.

Almost half of the studies included in this review had authors that did not disclose if they had a COI
with the food industry or not. Compliance with COI disclosure policies is now well documented
across many domains of research. #*¢ Recent examinations of the levels of disclosure in research
assessing the effects of artificially sweetened beverages on weight outcomes found similarly poor
disclosure rates.3? Several solutions have been proposed to increase transparency and disclosure
rates, including the use of different databases and additional resources to identify conflicted
authors, and the introduction of mandatory disclosure requirements in all journals, with the use of

penalties for those who do not adhere to the stated policies. 2°32

Conclusion
We did not establish that the presence of food industry sponsorship or authors with a COIl with the

food industry was associated with results or conclusions that favour industry sponsors. The
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association of food industry sponsorship or authors with a COI with the food industry and favourable
results or conclusions is uncertain. However, our analysis was hindered by the low level of COI
disclosure in the included studies. This research further strengthens calls for stricter policies relating
to the disclosure and management of conflicts of interest in nutrition research. Without such
disclosures, it will not be possible to determine if the results of nutrition research are free of food

industry influences and potential biases.
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Figure 2. Risk of Bias of Included Studies
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Figure 3: Effect Size - Industry sponsored &/OR author COI versus non-industry sponsored & no

author COl studies, Risk Ratio

Risk Ratio Risk Ratio
Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 Industry Sponsored &/OR COI
Holmberg, S 2009 6.5% 0.87[0.57,1.33) I
Liu, S 2003 14.3% 0.80 [0.66, 0.97] —
Lockheart, MSK 2007 2.0% 0.38[0.16, 0.90]
Subtotal (95% Cl) 22.9%  0.77[0.58,1.01] -
Heterogeneity: Tau®=0.02; Chi*= 2,97, df= 2 (P=0.23); F=33%
Test for overall effect Z=1.90 (P = 0.06)
3.1.2 Non-Industry Sponsored & No COI
Jacobs, DRJr 1998 8.7% 0.70 [0.50,0.98] _—
Liu, S 1999 12.2% 0.75[0.59,0.95] -
Liu, S 2000 9.2% 0.69[0.50,0.95) -
Mizrahi, A 2009 11.7% 1.12[0.87,1.44)
Nettieton, JA 2008 19.8%  0.92[0.86,0.98) -
Sahyoun, NR 2006 3.3% 0.48[0.25, 0.92] —_—
Tavani, A 2003 4.3% 0.77[0.44,1.35) —
Tavani, A 2004 7.8% 1.30[0.90,1.88) T
Subtotal (95% CI) 77.1% 0.85[0.73, 1.00] ‘
Heterogeneity. Tau*=0.03; Chi*=17.96, df=7 (P=0.01); F=61%
Test for overall effect: Z=1.97 (P = 0.05)
Total (95% CI) 100.0% 0.84[0.73, 0.95]) L 2
Heterogeneity: Tau*=0.02; Chi*= 2311, df=10(P=0.01), F=57% T 02 05 3 : 10

Test for overall effect Z=2.70 (P = 0.007)

Test for subaroup differences: Chi*= 046, df=1 (P=050), F=0%
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Figure 4: Effect Size - Industry sponsored &/OR author COI versus non-industry sponsored & no

author COIl studies, Hazard Ratio

Hazard Ratio Hazard Ratio

Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% CI
4.1.1 Industry Sponsored &/OR COI
Djousse, L 2007 4.3% 0.72[0.59,0.88) =
Huang, T 2015 25.8% 0.83[0.78,0.88] -
Jacobs, DRJr 2007 6.2% 0.73[0.62,0.86) —
Jensen, MK 2004 5.9% 0.84[0.71,0.99) =
Li, Y 2015 18.8% 0.90([0.83,0.98) -
Steffen, LM 2003 1.9% 0.72[0.53,0.99) —
Subtotal (95% CI) 63.0% 0.82[0.76, 0.88] ¢
Heterogeneity: Tau*= 0.00; Chi*=8.96,df=5 (P=0.11), F= 44%
Test for overall effect: Z= 5.54 (P < 0.00001)
4.1.2 Non-Industry Sponsored & NO COI
Jacobs, DRJr 1999 3.7% 0.82[0.66,1.02) ———
Jacobs, DRJr 2001 2.8% 0.77 [0.60,0.99) ]
Muraki, | 2015 2.9% 1.01[0.79,1.29) 3
Sonestedt, E 2015 10.2% 0.87(0.77,0.98) =
Wu, H2015 17.4% 0.85(0.78,0.93) >
Subtotal (95% CI) 37.0% 0.86 [0.81,0.91] ¢
Heterogeneity: Tau*= 0.00, Chi*= 2.68, df=4 (P=0.61), F=0%
Test for overall effect: Z= 4.85 (P < 0.00001)
Total (95% CI) 100.0% 0.84[0.80, 0.88] (]

i 2 - . ® = - = RE= } t 4 ¢ 4 {
Heterogeneity: Tau*= 0.00; Chi*=1210,df=10(P=0.28), F=17% 01 02 05 5 z 0

Test for overall effect: Z=7.95 (P < 0.00001)
Test for subaroup differences: Chi*=0.89, df=1 (P=0.34), F=0%
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Supplementary File 1: Search Strategy OVID Medline: Wholegrain & CVD

1. Randomized controlled trial*.sh.

2. experimental design.tw.

3. intervention*.tw.

4. (RCT* or rct*).tw.

5. random* control* trial*.tw.

6. clinical trial*.sh.

7. field trial*.tw.

8. community trial*.tw.

9. controlled clinical trial*.tw.

10. pragmatic trial*.tw.

11. observational study.sh.

12. cohort study.tw.

13. prospective cohort*.tw.

14. retrospective cohort*.tw.

15. case control*.sh.

16. ecological study.tw.

17. time series analys?s.tw.

18. before-after study.tw.

19. pre-post study.tw.

20. follow up stud*.sh.

21. comparative stud*.sh.
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22. evaluation stud*.sh.

23.1or2or3o0ord4or50or6or7or80or9orl10orllorl2orl3orl4orl5o0rl16or17or18or 19
or20or21or22

24. Edible Grain/ae, me [Adverse Effects, Metabolism]
25. grain*.tw.

26. Dietary Carbohydrates/ or Edible Grain/ or Bread/ or Dietary Fiber/
27. whole grain*.tw.

28. partially processed grains.tw.

29. whole wheat.tw.

30. wholemeal.tw.

31. rice*.tw.

32. oat*.tw.

33. barley*.tw.

34. wheat*.tw.

35. Amaranthus/ae, me [Adverse Effects, Metabolism]
36. amaranth.tw.

37. Millets/me [Metabolism]

38. millet*.tw.

39. Sorghum/me [Metabolism]

40. sorghum*.tw.

41. maize*.tw.

42. spelt*.tw.

43. buckwheat*.tw.

44, Triticale/me [Metabolism]

101



45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

triticale*.tw.

fonio*.tw.

emmer.tw.

einkorn*.tw.

kamut*.tw.

canary seed*.tw.

Bread/ae, an, me [Adverse Effects, Analysis, Metabolism]

bread*.tw.

breakfast cereal*.tw.

pasta*.tw.

noodle*.tw.

Flour/ae, an, st [Adverse Effects, Analysis, Standards]

flour*.tw.

polenta*.tw.

semolina*.tw.

bran.tw.

corn.tw.

wheat germ*.tw.

corn cake*.tw.

scone*.tw.

couscous.tw.

crumpet®.tw.

dietary fiber.tw.
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68. dietary carbohydrate*.tw.

69. glycemic index.tw.

70.24 0or250r260r27o0r28o0r290r300r31or32or33o0r34or35o0r36or37or38or39or40
ord4lord42or43ord4d4ord450rd6ord47 or48 ord49or500r51or52or53 or54or55o0r56o0r57o0r
58 or 59 or 60 or 61 or 62 or 64 or 65 or 66 or 67 or 68 or 69

71. Coronary Disease/ or Cardiovascular Diseases/ or Hypertension/ or Atherosclerosis/

72. cardiovascular disease*.tw.

73. coronary*.tw.

74. heart*.tw.

75. cardia*.tw.

76. myocard*.tw.

77. isch?em*.tw.

78. angina*.tw.

79. ventric*.tw.

80. tachycardi*.tw.

81. pericard*.tw.

82. endocardi*.tw.

83. atrial fibrillat*.tw.

84. arrhythmi*.tw.

85. athero*.tw.

86. arterio*.tw.

87. HDL.tw.

88. LDL.tw.

89. VLDL.tw.
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90. lipid*.tw.

91. lipoprotein*.tw.

92. triacylglycerol*.tw.

93. hyperlipid*.tw.

94. hypercholesterol*.tw.

95. hypercholester?emia*.tw.

96. hypertriglycerid?emia*.tw.

97. Cholesterol/

98. Stroke/

99. Cerebrovascular Disorders/

100. vascular accident®.tw.

101. TIA.tw.

102. Thrombosis/

103. thrombosis.tw.

104. Embolism/ or Pulmonary Embolism/
105. apoplexy.tw.

106. (brain adj2 accident™®).tw.

107. ((brain* or cerebral or lacunar) adj2 infarct*).tw.
108. Blood Pressure/ or Hypertension/
109. systolic blood pressure.tw.

110. diastolic blood pressure.tw.

111. Peripheral Vascular Diseases/ or Peripheral Arterial Disease/

112. (coronar$ adj5 (bypasS or graft$ or disease$ or eventS)).tw.
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113. (cerebrovasc$ or cardiovascS or mortal$ or angina$ or stroke or strokes).tw.
114. (myocardi$ adj5 (infarct$ or revascular$ or ischaemi$ or ischemi$)).tw.

115. (morbid$ adj5 (heart$ or coronar$ or ischaems$ or ischem$ or myocard$)).tw.
116. (vascular$ adj5 (peripheral$ or disease$ or complication$)).tw.

117. (heart$S adj5 (disease$ or attackS or bypass$)).tw.

118. Mortality/

119. mortality.tw.

120. Diabetes Mellitus, Type 2/

121. Hyperglycemia/

122. hyperglycemi*.tw.

123. (glucose adj2 intoleran*).tw.

124. Insulin Resistance/

125. (metabolic adj3 syndrome adj3 x).tw.

126. metabolic cardiovascular syndrome.tw.

127. dysmetabolic syndrome x.tw.

128. HbAlc.tw.

129. (glyc?emic adj3 control).tw.

130.710or72or 73 or 74 or750r 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83 or 84 or 85 or 86 or 87
or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 96 or 97 or 98 or 99 or 100 or 101 or 102 or 103 or
104 or 105 or 106 or 107 or 108 or 109 or 110 or 111 0or 112 or 113 or 114 or 115 or 116 or 117 or
118 or 119 or 120 or 121 or 122 or 123 or 124 or 125 or 126 or 127 or 128 or 129

131.23 and 70 and 130

132. limit 131 to (humans and yr="1997 -Current")

105



Supplementary File 2.

The protocol is published in PROSPERO, ID CRD42017055841, Available from:

http://www.crd.york.ac.uk/PROSPERO/.

Due to the length of the supplementary file it has not been included in the current thesis.
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Supplementary File 3. List of Excluded Studies and Reasons for Exclusions

Available from: https://bmjopen.bmj.com/content/9/5/e022912

Due to the length of the supplementary file it has not been included in the current thesis.
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Supplementary File 4: Characteristics of Included Studies

Event (non-fatal Ml
infarction & fatal
CHD)

Study ID Study Length of Number of | Age Exposure Comparison Outcomes Funding Disclosed
Deign Intervention | participants | (mean (highest (lowest Measured Source author
/Follow up years) tertile/quartile/quintile tertile/quartile/quintile conflicts
or ‘yes’ to wholegrain or ‘no’ to wholegrain _Of
interest
foods) foods)
Djousse, L | Cohort 19.6 years 21,376 53.7 Wholegrain Breakfast Wholegrain Breakfast Heart Failure Non- Yes®
2007 (average) 19.5 Cereal > 7 (1 serving=1 cup | Cereal O servings/week Industry?!
years [250
mL]) servings/week
Holmberg, | Cohort 12 years 1,752 50.2 Whole meal bread White or Rye bread Coronary Heart Industry?> | No
S 2009 years (wholegrain rye bread and Disease Death or disclosure
crisp/hard bread) Event (death or
hospitalization)
Huang, T Cohort 14 years 367,442 61.7 Wholegrain 1.20 oz eq/day | Wholegrain 0.13 oz Cardiovascular Industry® | Yes®
2015 (average) years eq/day Disease Death
Jacobs, Cohort 10 years 34,492 55-69 Wholegrain 22.5 Wholegrain 1.5 Ischemic Heart Non- No
DRJr 1998 years servings/week (median) servings/week (median) | Disease Death Industry* | disclosure
Jacobs, Cohort 10 years 38,740 61.5 Wholegrain 22.5 Wholegrain 1.5 Cardiovascular Non- No
DRJr 1999 years servings/week (median) servings/week (median) | Disease Death (all Industry® | disclosure
cardiovascular
disease)
Jacobs, Cohort Baseline 33,848 35-56 Wholegrain Bread Score Wholegrain Bread Score | Cardiovascular Non- No
DRJr 2001 1977-83, years (2.25-5.40) * (0.05-0.60) * Disease Death (total | Industry® | disclosure
followed cardiovascular
through to disease)
1994
Jacobs, Cohort 17 years 27,312 55-69 Wholegrain 2 19 Wholegrain 0-3.5 Cardiovascular Industry’ | No¢
DRIJr 2007 years servings/week servings/week Disease Death
Jensen, Cohort 14 years 42,850 40-75 Wholegrain 42.4 g/day Wholegrain 3.5 g/day Coronary Heart Industry® | No¢
MK 2004 years (median) (median) Disease Death or
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Li, Y 2015 2 30 years & 127,536 NHS 30- | Wholegrain 4.6 % of total Wholegrain 0.4 % of Coronary Heart Non- Yes®
Cohorts | 24 years 55 years | Energy Intake total Energy Intake Disease Death or Industry®
Event (non-fatal Ml
HPFS 40- & CHD deaths)
75 years
Liu, S Cohort 10 years 75,521 38-63 Wholegrain 2.70 Wholegrain 0.13 Coronary Heart Non- No
1999 years servings/day (median) servings/day (median) Disease Death or Industry’® | disclosure
Event
(non-fatal Ml & fatal
CHD)
Liu, S Cohort 12 years 75,521 38-63 Wholegrain 2.70 Wholegrain 0.13 Ischemic Stroke Non- No
2000 years servings/day (median) servings/day (median) Death or Event Industry? | disclosure
Liu, S Cohort 5.5 years 86,190 40-84 Wholegrain Breakfast Rarely Cardiovascular Non- Yesf
2003 (average) years Cereal 1 servings/day Disease Deaths Industry!?
Lockheart, | Case 211 Case Wholegrain Breakfast 0 Myocardial Industry® | No
MSK 2007 | Control 625+ Cereal 36 g/day (median) Infarction (first MI) Disclosure
77 &
Control Wholegrain breads 240 94 g/day
6225+ | g/day (median)
7-7
Mizrahi, A | Cohort 24 years 3,932 40-74 Wholegrain Wholegrain Cerebrovascular Non- No8
2009 years Men 280-1321 g/day Men 0-139 g/day Disease Death or Industry*

(range)

Women 195-963 g/day
(range)

(range)

Women 0-89
g/day (range)

Event (total strokes,
including

all acute strokes,
subarachnoidal
haemorrhages and
other,

undefined strokes;
ischaemic stroke
and intracerebral
haemorrhage)
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Muraki |, 3 26 years, 20 | 207,556 Not Brown Rice 25 Brown Rice< 1 Cardiovascular Non- No"
2015 Cohorts | years & 24 available | servings/week servings/week Disease Death or Industry?®
years Event (nonfatal
M, fatal CAD, and
stroke (nonfatal or
fatal))
Nettleton, | Cohort 13.3 years 14,153 45-64 Wholegrain 1.3 £ 0.01 Wholegrain 1.1 £ 0.04 Heart Failure Death Non- No'
JA 2008 (average) years servings/day servings/day or Event Industry®
Sahyoun, Cohort Baseline 535 60-98 Wholegrain >1.94 Wholegrain <0.56 Cardiovascular Non- No’
NR 2006 1981-84, years servings/day servings/day Disease Death Indusry?’
followed
through to
1995
Sonestedt, | Cohort 14 year 26,445 44-74 Wholegrain 2.5 Wholegrain 0 Cardiovascular Non- No
E 2015 (average) years portions/day portions/day Disease Death or Industry'® | Disclosure
Event (Incident CVD
events, Stroke
events, CHD (fatal or
non-fatal myocardial
infarction or death
due to ischemic
heart disease),
Ischemic stroke).
Steffen, L | Cohort 11 years 11,940 45-64 Wholegrain 3.0 Wholegrain 0.1 Coronary Artery Non- Yesk
M 2003 years servings/day servings/day Disease Death or Industry??

Event (the first
definite or probable
M,

silent Ml by
electrocardiography,
definite CAD

death, or coronary
revascularization) &
Ischemic Stroke
Death or Event (first

110




definite or probable
cardioembolic or
thrombotic brain

(median)

HPFS 5.9 g/day
(median)

infarction)
Tavani, A Case 881 25-79 Wholegrain Bread Wholegrain Bread Non- | Myocardial Non- No
2003 Control years Consumers Consumers Infarction (first Industry?® | Disclosure
acute)
Tavani, A 3 Case 1,602 17-79 Wholegrain >2 Wholegrain <2 Myocardial Non- No
2004 Controls years portions/per week portions/per week Infarction (first Industry?! | Disclosure
acute)
Wu, H 2 26 years & 118,085 NHS 30- | Wholegrain Wholegrain Cardiovascular Non- No'
2015 Cohort | 24 years 55 years Disease Death Industry??
NHS 33 g/day (median) NHS 4.2 g/day
HPFS 32- (median)
87 years | HPFS 47.8 g/day

*Wholegrain bread score: slices eaten per day (question 1) times the percentage wholegrain flour used in bread. Q5 = 9 slices of bread usually eaten per day x 60%

wholegrain flour. Q1 = 1 slice of bread per day x 5% wholegrain flour
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Description of Funding Source (Verbatim)

1. The PHSis supported by grants CA-34944 and CA-40360 from the National Cancer Institute and
grants HL-26490 and HL-34595 from the National Heart Lung and Blood Institute (NHLBI),
Bethesda, Maryland. Dr Djousse” is supported by grant KO1 HL70444 from the NHLBI

2. This study was supported by grants from AFA Insurance, LRF Research Foundation, The Swedish
Council for Working Life and Social Research and Kronoberg County Council

3. This study is funded by an unrestricted research fund from NutraSource.Dr. Qi was supported by
grants from the National Heart, Lung, and Blood Institute (HL071981), the National Institute of
Diabetes and Digestive and Kidney Diseases (DK091718), the Boston Obesity Nutrition Research
Center (DK46200), and United States—Israel Binational Science Foundation Grant 2011036. Dr.
Qi was a recipient of the American Heart Association Scientist Development Award (0730094 N).
Funding from NutraSource. There were no other relationships or activities that could appear to
have influenced the submitted work

4. Supported by the National Institutes of Health (research grant CA-39742)

5. This research was supported by grant CA-39742 from the National Institutes of Health

6. Institute for Nutrition Research, University of Oslo and National Health Screening Service, Oslo,
Norway

7. RB was supported by grants from the Norwegian Research Council, The Johan Throne Holst
Nutrition Research Foundation, and The Norwegian Cancer Society. DRJ was supported by the
Norwegian Research Council and by a grant (RO1 CA39742) from the National Cancer Institute.

8. Supported by research grants HL35464 and CA55075 from the National Institutes of Health and
a scholarship from the Danish Research Foundation (to MKJ). The Kellogg Company provided

unrestricted funding of the development of the whole-grain database
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10.

11.

12.

13.

14.

15.

16.

17.

18.

The cohorts were supported by grants UM1 CA186107, RO1 HL034594, R01 HL35464, R01
HL60712, and UM1 CA167552 from the National Institutes of Health.

Supported by research grants HL24074, HL34594, and CA40356 and by nutrition training grant
T32DK07703 from the National Institutes of Health

The work reported in this article was supported by grants CA40356, HL24074, HL34594, and
DK02767 from the National Institutes of Health

Supported by grants HL-42441 and DK02767 from the National Institutes of Health

The present study was supported by NIH NRSA T32HL007779. CVD Epidemiology and
Prevention, American Heart Association, Greater Midwest Affiliate. Throne Holst's Foundation
for Nutrition Research. The Norwegian Association of Margarine Producers. DeNoFa Fabriker
A/S and Tine Norwegian Dairies

The present study received funds from the Social Insurance Institution, Finland.

Supported by NIH grants CA50385, CA87969, CA176726, CA167552, HL60712, HL034594,
HL088521, and HL35464. QS was supported by a career development grant ROOHL098459
sponsored by the National Heart, Lung, and Blood Institute. FI was supported by Medical
Research Council Epidemiology Unit Core Support (MC_UU_12015/5)

This research was supported by the National Institutes of Health grant HL73366, training grant
T32 HLO7779, and contracts NO1-HC-55015, NO1-HC-55016, NO1-HC-55018, NO1-HC-55019, NO1-
HC-55020, N01-HC-55021, and NO1- HC-55022 from the National Heart, Lung, and Blood
Institute.

Supported by the US Department of Agriculture, under agreement no. 58-1950-4-401

This study was supported by the Swedish Medical Research Council, the Swedish Heart and Lung
Foundation, the Skane University Hospital, the Albert Pahlsson Research Foundation, and the

Crafoord Foundation
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19.

20.

21.

22.

Supported by the National Heart, Lung, and Blood Institute (contract nos. NO1-HC-55015, NO1-
HC-55016, HC-55018, N01-HC-55019, HC-55020,N01-HC-55021, and NO1-HC-55022)

This study was partly supported by "Ministero della Salute" (contract No 177, RF 2001).

Partly supported by "Ministero della Salute" (Contract n.177, RF 2001) and by the Commission
of the EuropeanCommunities (Contract No. QLK1-CT-2000-00069)

This work was supported by research grants RO1 DK58845 (Dr Hu), PO1 CA87969, RO1 HL034594,
UM1 CA167552 (DrWillett), RO1 HL35464 (Dr Rimm), HL60712 (DrHu), U54CA155626 (Dr Hu),
and CA055075 from the National Institutes of Health and Career Development Award

ROOHL098459 from the National Heart, Lung, and Blood Institute (Dr Sun)

Description of Author Disclosure Statement (Verbatim)

a)

b)

f)

g)

h)

Dr Gaziano has received investigator-initiated research grants from BASF, DSM Pharmaceuticals,
Wyeth Pharmaceuticals, McNeil Consumer Products, and Pliva as well as honoraria from Bayer
and Pfizer for speaking engagements. He is a consultant for Bayer, McNeil Consumer Products,
Wyeth Pharmaceuticals, Merck, Nutraquest, and GlaxoSmithKline

A Lee NutraSource (AWL), Royal Oak, MI 48073, USA. S Cho NutraSource (SSC), Clarksville, MD
21029, USA

None of the authors had a conflict of interest

None of the authors had any conflicts of interest

Dr. Hu has received honoraria from the Hass Avocado Board for participating in an academic
symposium; and grant support from Metagenics and the California Walnut Commission

In 2001 SL received honoraria from General Mills Co for a presentation unrelated to this article
None of the authors had any personal or financial conflict of interest.

All authors reported no conflicts of interest related to the study.
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j)

k)

The authors have no conflicts of interest to report

None of the authors had a conflict of interest

None of the authors had any conflicts of interest except for DRJ, who holds a research award
from General Mills, Inc, Minneapolis

None reported
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Abstract

Objective: To investigate whether randomised controlled trials (RCTs) measuring the effect of
wholegrain consumption and cardiovascular disease (CVD) outcomes with food industry
sponsorship/and or authors with a conflict of interest (COIl) are more likely to report favorable outcomes
than those with no industry ties.

Data sources & extraction: We searched 8 databases from 1997-2018 for RCTs conducted in healthy
adults or children.

Data synthesis: We used meta-analysis to test for differences in effect sizes.

Results: Twenty-four trials were included in the review. Trials with industry sponsorship were more
likely to report favourable results RR =1.96 (95% CI 0.87, 4.41) and conclusions, RR= 1.60 (95% Cl 0.87,
2.94) than trials with no industry sponsorship. The association was reversed for trials with a COl. There
was uncertainty in all these relationships. We did not find a difference in effect sizes between studies
with or without industry ties.

Conclusions: The effect of food industry sponsorship on the findings of RCTs examining the association
of wholegrains and CVD was uncertain. More disclosure of study funding and author COl in all journals

is needed to improve transparency and further examine this relationship.

Keywords: Nutrition, Industry Sponsorship, Conflict of Interest, Bias, Food Industry
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BACKGROUND

Dietary Guidelines are essential in informing public health policies, clinical advice and helping consumers
make informed decisions on what to eat to promote wellbeing and reduce the risk of non-
communicable diseases. While recent recommendations have been made on how to redesign and
optimise the process for developing dietary guidelines,%? unless the primary studies that are included in
these guidelines are designed and conducted to minimise bias, then the public’s health may be at risk

and confusion may arise about what constitutes a healthy diet.3

The beneficial effects of wholegrain foods on reducing cardiovascular disease (CVD) remains uncertain.
Evidence from recent systematic reviews and meta-analyses of observational studies*® support the
summaries of evidence in various dietary guidelines that there is a probable association between
wholegrain consumption and a reduced risk of cardiovascular disease.” However, these effects have
not been observed in randomised controlled trials (RCTs) examining CVD risk factors, including blood

lipids and blood pressure.'®!!

Although dietary guidelines assess bias in primary studies using various methods,? they do not assess
one important potential bias, industry sponsorship or author conflicts of interest. Empirical
investigations of pharmaceutical, tobacco and chemical research have demonstrated that industry
sponsorship is associated with findings that favour the study sponsor, even when controlling for other
methodological biases.’®?! It has been proposed that other mechanisms may explain this funding bias,
including systematic differences in a study’s design, conduct, and reporting of results.?? Food
manufacturers may have a financial interest in the findings of wholegrain RCTs, because wholegrain
products (such as breakfast cereals) may be used to support health claims and market their products.
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Studies sponsored by the food industry are more likely to have favorable conclusions, than studies with
no industry sponsorship.2? We recently examined the association of industry ties (industry sponsorship
and author conflict of interest ) with the results from observational studies measuring the effect of
wholegrain foods on cardiovascular disease and mortality.?* We found that studies with industry ties
more often have favourable results and conclusions compared to those with no industry ties, but the

association was uncertain. To date, there has been no such examination in RCTs.

The primary objective of this systematic review and meta-analysis is to determine whether:
e RCTs estimating the effects of wholegrain foods on cardiovascular disease with food industry
sponsorship and / or authors with a conflict of interest with the food industry, are more likely to

have results and/ or conclusions favourable to industry than those with no industry ties.

The secondary objectives of this review are to determine whether RCTs with food industry sponsorship

and/or authors with a conflict of interest with the food industry:

I.  differ in their risk of bias compared with trials with no industry ties;
Il. have a higher level of discordance between study results and conclusions, with the conclusions

more likely to be favourable compared to the results.

METHODS

We conducted a systematic review of RCTs examining the effect of wholegrain consumption on

cardiovascular disease outcomes. The protocol is published in PROSPERO 2° ID CRD42017055841.
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Literature search strategy

The search included terms to locate both RCTs and observational studies, the latter of which were
included in a separate systematic review.?* The search strategy was developed according to the Process
Manual used in the formation of the 2013 Australian Dietary Guidelines?® and the assistance of an
information specialist. We searched the following databases from January 1997-November 2018:
MEDLINE; CINAHL; PubMed; PreMEDLINE; Cochrane Library; PsycINFO; Science Direct; and ERIC. The
search strategy we used for Ovid MEDLINE is shown in Supplementary file 1. We adapted this strategy

for the other databases. We also hand searched the references lists of identified trials and reviews

Eligibility Criteria
We included RCTs that estimated the effects of wholegrain consumption on cardiovascular disease

outcomes in healthy children and/or adults.

We included RCTs that defined wholegrains in anyway, as defined by the author. We included trials that
compared wholegrain food to control, to other foods or compared different types of wholegrains (e.g.

sorghum vs. wheat) to each other.

We included RCTs that measured a surrogate outcome of cardiovascular disease. We restricted our
inclusion to trials that measured surrogate outcomes because long term clinical outcomes (e.g.
mortality) are rarely measured in RCTs. The specific surrogate outcomes included were: low-density
lipoprotein (LDL) cholesterol, systolic blood pressure (BP), diastolic BP and glycated hemoglobin
(HbA1c). Outcomes were standardized to the same units when measured using different units across the

trials (e.g. LDL cholesterol in mmol/L or mg/dl).
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We excluded conference presentations, opinion pieces and letters to the editor. We had no language

restrictions.

Types of Outcome Measures
Primary Outcomes
We hypothesized that RCTs with food industry sponsorship and/or authors with a conflict of interest
with the food industry would be more likely to have favourable findings than those with no industry
sponsorship or conflict of interest. We assessed three primary outcomes:

3. Statistical significance of results favourable to the study sponsor
Favourable results were defined as results that were favourable to the sponsor’s product(s), indicating a
statistically significant decreased cardiovascular disease risk factor versus the comparator. Favourable
results were defined as those that were statistically significant at the 0.05 level (two tailed). Otherwise,
results were classified as unfavourable. In the circumstance where a trial reported multiple results (e.g.
systolic BP and diastolic BP), only one result needed to be ‘favourable’ for the trial to be classified as

‘favourable’.

4, Effect size of results

Effect size was defined as the difference in means (or mean difference [MD]) between wholegrain tested

versus comparator on the cardiovascular disease outcome.
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5. Conclusions

Conclusions that suggested that the wholegrain intervention being investigated was beneficial to health
were coded favourable to the study sponsor. Otherwise, the conclusions were considered
unfavourable. In the circumstance where a trial reported multiple results (e.g. systolic BP and diastolic
BP), the trial only had to report favourably for on one of the results for the conclusions to be classified

as favourable.

Secondary Outcomes

We assessed two secondary outcomes:

3. The risk of bias of the included trials

We used the Cochrane Cochrane Collaboration’s tool for assessing risk of bias in randomised trials for
the included trials. 2’ The tool assesses bias across seven domains (‘Random sequence generation’,
‘Allocation concealment’, ‘Blinding of participants and personnel’, ‘Blinding of outcomes assessment’,
‘Incomplete outcome data’, ‘Selective reporting’ and ‘Other sources of bias’), with each domain
assessed as having a low, unclear or high risk of bias. In the circumstance where a trial reported multiple
results (e.g. systolic BP and diastolic BP), the risk of bias was only assessed for one randomly selected

outcome.

4. Concordance between study results and conclusions

Results unfavorable to the sponsor with conclusions favourable to the sponsor, were considered

discordant. Otherwise, the results and conclusions were considered concordant.
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Selection of trials

Three reviewers (NC, SMc & JT, working in pairs) independently screened the titles and abstracts of all
retrieved records for exclusions. Both reviewers had to exclude the study for the full text not to be
retrieved. The full text of potentially eligible RCTs were then retrieved, and the three reviewers (NC, SMc
& JT) assessed these against the inclusion criteria. Agreement amongst the reviewers was reached by

consensus. If agreement could not be reached, a third reviewer (LB) determined the decision.

Data Collection
From each RCT we extracted:
e Year of publication
e Study design (individual crossover or individual parallel)
e Sample size of trial at randomization
e Average age of participants (combined or if reported, separately)
e Length of trial up to the final follow up time reported in the study
e How the trial defined wholegrain (verbatim)
e Disclosure of funding source (no disclosure, yes and there is a sponsor, no, the authors state
they received no funding for their work)
e Name of the funders of the study (verbatim)
e Disclosed role of the funders (role of the sponsor not mentioned, sponsor not involved in study
design and analyses, sponsor involved, N/A)
e Disclosure of author conflict of interest (no disclosure, yes and there is a conflict, no, the authors
state they had no conflicts of interest)
e Authors conflict of interest statement (verbatim)

e Qutcomes assessed in the study (LDL cholesterol, systolic BP, diastolic BP and HbA1c)
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e The numerical results of the study (e.g. mean of each intervention group, mean difference,

standard deviation(s)(SD), standard error(s) (SE), 95% confidence interval(s) (Cl) and p value(s)).

Extracted data were stored in REDcap, a secure web-based application for data collection and
management.?® Two reviewers (NC & JT) independently extracted the data. Any disagreements in the
data extraction were resolved by consensus. If agreement could not be reached, a third reviewer (LB)

determined the decision.

We contacted all authors for missing data and a total of four responded. For a particular outcome (e.g.
LDL cholesterol) within a study, if there were multiple measurements reported at different timepoints,

we selected the last follow up measure.

Classification of industry sponsorship and author conflicts of interest

We categorised sponsorship as 1) industry or 2) non-industry. Any study that did not contain a funding
disclosure statement was classified as non-industry. We classified industry sponsored trials as those that
declared any food industry sponsorship, this included if the study received ‘mixed funding’ that involved
funding from food industry, other industries (i.e. pharmaceutical) or sectors such as government or non-
profit. Author conflict of interests were categorised as 1) conflict of interest or 2) no conflict of interest.
Trials with at least one author with any disclosed financial tie to the food industry were categorised as
having a conflict of interest. Any study that did not contain an author conflict of interest disclosure

statement was classified as ‘no conflict of interest’.
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Analysis methods

We report the frequencies and percentages of the study characteristics across all included RCTs, and
separately by funding source and author conflict of interest. We depict visually the percentage of trials
at a low, high, and unclear risk of bias for each domain.

To quantify the association between food industry sponsorship and/or authors with a conflict of interest
with the food industry and (i) favourable results, (ii) favourable conclusions, (iii) risk of bias across

domains, and (iv) level of concordance, we calculated risk ratios (and 95% confidence intervals).

Meta-analysis methods

Measures of treatment effect

As all outcomes were continuous and measured on, or could be converted to, the same scale, we
estimated the intervention effect using the mean difference (i.e. wholegrain mean minus comparator
group mean) with 95% confidence interval for each study. The factor used to convert LDL cholesterol

measured in mg/dL to mmo/L was 38.67.%°

Dealing with different study designs

We included both crossover and parallel RCTs. In order to meta-analyse results from these study
designs, we required an estimate of the mean difference and its standard error. For the crossover
design, (when available) we extracted the mean difference and the corresponding standard deviation of
differences, from which we calculated the standard error. For the parallel design, (when available) we
extracted the means and standard deviations of each group. We then calculated the pooled standard
deviation across groups, from which we calculated the standard error. When estimates of standard
deviations were not directly reported, we attempted to calculate these through algebraic manipulation

of available statistics (e.g. exact p-values, 95% confidence limits).*°
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We included one multi-arm randomized trial.3! For this three-arm trial, we combined the summary

statistics of the two relevant experimental intervention groups to create a single pairwise comparison.

Dealing with missing data

For trials that did not report the results in sufficient detail to be included in a meta-analysis, we sought
data from the authors. If we did not receive the required data from the authors, we assessed if
imputation of missing values was appropriate. In trials that only reported medians, we used the
methods described by Hozo et al.3? to estimate the means from the reported medians, range and

sample size.

Synthesis

To examine whether RCTs with food industry sponsorship and/or authors with a conflict of interest with
the food industry modified the magnitude of effect of wholegrains on cardiovascular disease outcomes
we used meta-analysis. For each outcome, we combined mean differences using a random effects meta-
analysis model using the inverse variance method. DerSimonian and Laird’s method of moments
estimator was used to estimate between study heterogeneity. We undertook a fixed-effects test for
subgroup differences (defined by industry sponsorship / authors conflict of interest) using the Chi2 test
and calculated the difference in mean differences along with 95% confidence intervals. Analyses were
undertaken in Review Manager 5.3.33 As trials reported a mix of post intervention and change-from-
baseline summary statistics, we combined effects calculated from these statistics in the meta-analysis.
Combining post intervention and change-from-baseline values in a meta-analysis when using MD is
appropriate as they can be usually assumed to be addressing exactly the same underlying intervention

effects.
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We were unable to examine whether industry sponsorship and/ or author COIl modified the magnitude
of effect between wholegrains and HbA1c% since all trials had either industry sponsorship or authors

with a COl.

Sensitivity analysis

We conducted sensitivity analyses to investigate if our findings were robust to our classification of trials
with no disclosure statement as ‘no conflict of interest’. In the sensitivity analysis, we re-classified these
trials as having a ‘conflict of interest’. We also planned to use sensitivity analysis to assess the influence
of risk of bias by restricting the analysis to trials at a ‘low risk of bias’ across all domains. However, as

risk of bias was unclear for most domains across all trials, this was not undertaken.

RESULTS

Search results
We identified 8, 295 references for screening, from which, 24 trials met the inclusion criteria (Figure 1).

See Supplementary file 2 for ‘List of excluded trials and reasons for exclusion’.

Characteristics of included Trials

All included trials were published between 2001 and 2018. Ten trials disclosed food industry
sponsorship related to wholegrains, but only one study described the role of the sponsor in the study.
Five trials did not contain an author conflict of interest statement. Twelve trials contained an author
with a conflict of interest with the food industry. Sixteen trials either had food industry sponsorship or

an author with a conflict of interest with the food industry (industry ties).
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Overall, the study characteristics between industry and non-industry sponsored trials were similar (Table
1). Food industry sponsored trials (50%) were more often used a parallel design as compared with trials
with no industry sponsorship (36%). A larger percentage of industry sponsored trials (30%) had sample

sizes >50, compared with trials with no industry sponsorship (7%).

Trials with authors with a conflict of interest with the food industry (83%) more often analysed both
males and females, compared with trials with no author conflict of interest (58%). A greater percentage
of trials with author conflict of interest (33%) had sample sizes >50 than those trials with no author
conflict of interest (0%). Trials with an author with a conflict of interest with the food industry also more
often analysed any type of wholegrain food (75%), rather than a specific type of wholegrain, compared

with those without an author with a conflict of interest with the food industry (25%).

Details of each included trial are in Supplementary file 3.

Table 1. Characteristics of the included trials by sponsorship, author conflict of interest and industry

ties

Risk of bias in included trials

The reporting of methods was commonly incomplete, which led to a risk of bias rating of ‘unclear’ for
the majority of trials for the domains: ‘random sequence generation’, ‘allocation concealment’ and
‘selective reporting’ (Figure 2). Conversely, the domains of ‘blinding of outcome assessment’,
‘incomplete data’ and ‘other sources of bias’ were rated as a low risk of bias in the majority of the trials

(Table 1)
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Favourable results - Statistical significance: Industry sponsored vs non-industry sponsored and conflict
of interest vs no conflict of interest

The risk of reporting favourable results was 96% higher in industry sponsored trials (7/10) than in non-
industry sponsored trials (5/14) RR =1.96 (95% CI 0.87, 4.41; n= 24). Although, the confidence interval
was wide and included the possibility of no, or an unimportant, difference in risks. When we assessed
trials with a conflict of interest with food industry (5/12) compared to those with no conflict of interest
with the food industry (7/12), the risk was reversed RR= 0.71 (95% Cl 0.31, 1.63; n = 24 trials), although

again the association was uncertain.

Effect size: Industry sponsored vs non-industry sponsored, and conflict of interest vs no conflict of
interest

LDL cholesterol

We found no important difference in the magnitude of the MD (difference in means between
wholegrains and comparator) for LDL cholesterol in trials with industry sponsorship (MD =-0.12; n =8
trials) compared with those without industry funding (MD = -0.09; n = 10 trials) (difference in MDs -0.03
(95%CI -0.17, 0.11)); p = 0.710 (Figure 3).

We found no important difference in the magnitude of the MD for LDL cholesterol in trials with an
author with a conflict of interest with the food industry (MD = -0.07; n = 10 trials) compared with trials
with no author conflict of interest with the food industry (MD = -0.15; n = 8 trials) (difference in MDs

0.08 (95%Cl -0.06, 0.22)); P=0.25 (Figure 4).
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Systolic blood pressure
We found no important difference in the magnitude of the MD for systolic blood pressure in trials with
industry sponsorship (MD = -1.53; n =3 trials) compared with trials with no industry sponsorship (MD = -

0.54; n =7 trials) (difference in MDs -0.99 (95%Cl -4.51, 2.53)); P=0.58 (Figure 5).

We found no important difference in the magnitude of the MD for systolic blood pressure between trials
with an author with a conflict of interest with the food industry (MD =-0.13; n = 7 trials) and trials with
no author with a conflict of interest with the food industry (MD =-2.07; n = 3 trials) (difference in MDs

1.94 (95%Cl -0.96, 4.84)); P=0.19 (Figure 6).

Diastolic blood pressure
We found no important difference in the magnitude of the MD for diastolic blood pressure in trials with
industry sponsorship (MD =-0.02; n = 4 trials) and those trials with no industry sponsorship (MD = 0.42;

n =5 trials) (difference in MDs -0.44 (95%Cl -2.47, 1.59)) P=0.67 (Figure 7).

We found no important difference in the magnitude of the MD for diastolic blood pressure between
trials with an author with a conflict of interest with the food industry (MD = 0.14; n = 7 trials) and trials
with no author with a conflict of interest with the food industry (MD = -0.66; n = 2 trials) (difference in

MDs 0.8 (95%Cl -2.36, 3.96)); P=0.62 (Figure 8).

Favourable conclusions: Industry sponsored versus non-industry sponsored and conflict of interest vs
no conflict of interest

The risk of reporting favourable conclusions was 60% higher in industry sponsored trials (8/10) than in
than trials with no industry sponsorship (7/14) RR=1.60 (95% ClI 0.87, 2.94; n= 24), although the

confidence interval was wide and included the possibility of no, or an unimportant, difference. When we
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compared trials with a conflict of interest with the food (8/12) industry to those with no conflict of
interest (9/12), the risk was lower RR = 0.89 (95% Cl 0.53, 1.49; n = 24), however there was uncertainty

in the association.

Risk of Bias Assessment

Risk ratios for a high risk of bias rating (for each domain) in industry funded or trials with an author with
a conflict of interest versus no industry funding or no conflict of interest trials are presented in Table 2.
There was little consistency in the direction of risk ratios across the risk of bias domains, with some
indicating an increased risk of a high risk of bias rating with industry funding or a conflict of interest,
while other indicated a decreased risk. The confidence intervals were wide providing little certainty in

these estimates.

Concordance between study results and conclusions
Five trials that all had unfavorable results, overemphasized the benefits of wholegrains or highlighted p

values that were inappropriate (highlighting change from baseline within groups, not between groups).

Industry sponsored trials (2/10) were 7% less likely to have discordant results and conclusions than non-
industry sponsored trials (3/14) RR = 0.93 (95% Cl 0.19, 4.60; n = 24 trials), however the confidence

interval was wide. Trials with an author conflict of interest with the food industry (3/12) were 50% more
likely to have discordance than those with no conflict of interest with the food industry (2/12) RR = 1.50

(95% C1 0.30, 7.43; n = 24 trials).
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Sensitivity Analysis

We reanalysed trials that did not report a conflict of interest disclosure and categorised them as a
‘conflict of interest’. The results from our original analysis were robust and our conclusions did not
change. The results from our original risk of bias ratings were also robust and there was also no change
in the risk of bias ratings across each domain. Results of the sensitivity analyses are available in

supplementary file 4.

DISCUSSION

The association between trials with food industry sponsorship and/ or authors with a COI and the
reporting of favorable results and conclusions compared with trials without industry ties was uncertain.
Although studies with industry sponsorship were more likely and studies with a COI less likely, to report

more favorably on these outcomes.

We did not find any evidence of a clinically important difference in the magnitude of effect between
trials with industry sponsorship and those with no industry sponsorship for all outcomes. Similarly, we
did not find a clinically important difference in the magnitude of effect between trials with a COl and
those with no COI with the food industry. However, our ability to classify trials as having industry
funding and COIl was compromised given the lack of statements or variability in funding. In addition, the

risk of bias could not be determined or was high for most domains across all trials.

We did not find an association between trials sponsored by the food industry and discordant results,
although industry sponsored trials were less likely to have discordant results and conclusions, compared
with trials with no industry funding. Although again uncertain, we found studies with a COI with the food

industry more likely to have discordant results and conclusions, compared with trials with no industry

132



funding. Even when study results are reported as non-significant, ‘spin’ on the conclusions can occur.
Although conclusions are not used in the development of dietary guidelines, they still may be used to
inform health practitioners and consumers on what constitutes a healthy diet. Spin in biomedical

research has been shown to be cause for concern.3*3¢

Agreements and disagreements with other trials or reviews

Although there was uncertainty in the association between trials with food industry sponsorship and the
statistical significance of the results and conclusions, similar findings showing studies with industry ties
are more likely to report favourable outcomes have been identified in observational studies examining
the effects of wholegrain foods and cardiovascular disease outcomes and in a review of a broad range of
nutrition research we previously conducted.?®>% Similar findings have also been found in empirical
investigations of pharmaceutical, tobacco and chemical research have demonstrated that industry
sponsorship is associated with outcomes that favour the study sponsor, even when controlling for other

methodological biases.'3%!

The association of favourable outcomes with author conflicts of interest has been less studied; some

37-41 while others have found no association.*?** One reason for the lack of

have identified an association,
research on author conflict of interest may be that disclosure of author conflict of interest is less
complete compared with funding sources.* More than a quarter of trials did not have conflict of
interest disclosure statement. Therefore, a third of the trials we classified as ‘no conflict of interest’ with
the food industry were trials with no disclosure. Lack of compliance with author conflict of interest

disclosure policies is now well established in numerous fields of research. 3¢45%° Although various

solutions have been discussed to improve rates of disclosure including mandatory disclosure

133



23,40

requirements in all journals and the use of penalties for those who fail to comply, this remains an

issue in nutrition research.

Incomplete reporting of methods is consistent with previous systematic reviews of RCTs examining the
effect of wholegrain foods on cardiovascular disease outcomes.'® There was little to no difference found
in the risk of bias ratings across each bias domain in trials with industry sponsorship and / or authors
with a conflict of interest with the food industry and those without industry ties. Previous examinations
of pharmaceutical, tobacco and nutrition research that has demonstrated that studies with the presence
of industry sponsorship are of equal or better internal validity than those without the presence of

Sponsorship.18'21'23'24'35'40

It has been proposed that mechanisms other than those assessed in risk of bias tools may explain
funding bias, including systematic differences in a study’s design, conduct, and reporting of results. 22
505152 On average both industry and non-industry sponsored trials reported on 18 outcomes in all trials,
making selective reporting of outcomes based on their direction, magnitude, or statistical significance,
possible. The extent of selective reporting is difficult to assess without the registration of protocols and
reporting of all outcomes, a priori. Such reporting may skew the results that are used in the

development of dietary guideline and lead to biased recommendations.>?

In order to make reliable and trustworthy guidelines, bias in the primary studies that are used in their
development, must be minimised. Therefore, until the possible influence of food industry sponsorship
and food industry ties in primary nutrition studies of wholegrain foods can be further examined with

larger samples of trials, this bias, if it is present, may be unaccounted for in dietary guidelines.
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Strengths and limitations of this review

We examined the association of both study sponsorship and author conflicts of interest independently,
the latter of which has been less studied. We prospectively registered our review in PROSPERO.% We
used well defined inclusion and exclusion criteria, conducted a comprehensive search across multiple
database and hand searched the references lists of included trials. We contacted all authors for missing
data on methods or outcomes. We did not contact the authors of trials lacking a sponsorship or author
conflict of interest disclosure statements and therefore may underestimating the number of RCTs with

industry ties.

Conclusions: The association between trials with food industry sponsorship and/ or authors with a COI
and the reporting of favorable results and conclusions compared with trials without industry ties was
uncertain. Participation in trial registries and mandatory disclosure requirements of study funding and
author conflicts of interests in all journals are necessary to improve the transparency of nutrition

research so that all biases can be assessed.
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Table 1. Characteristics of the included trials by sponsorship, author conflict of interest and industry ties”

Funding Source, n (%)

Total Industry col Industry Ties
Characteristic | Category Total Industry Non- col No COI | Industry/ | Non-
N =24 | N=10 Industry N =12 N=12 COol Industry/
N=14 N=16 No COlI
N=8
Study Design Crossover 14 (58) | 5(50) 9 (64) 6 (50) 8(66) | 8(50) 6 (75)
Parallel 10(42) | 5(50) 5(36) 6 (50) 4(33) | 8(50) 2 (25)
Sex Male 2(8) |[1(10) 1(7) 0(0) 2(17) |1(6) 1(13)
Female 5(21) | 3(30) 2 (14) 2(17) 3(25) |3(19) 2 (25)
Both 17 (71) | 6 (60) 11 (79) 10(83) | 7(58) | 12(75) 5 (63)
Sample Size <25 8(33) |3(30) 5 (36) 4 (33) 4(33) | 6(38) 2 (25)
25-50 12 (50) | 4 (40) 8 (57) 4 (33) 8(66) | 6(38) 6 (75)
>50 4(17) | 3(30) 1(7) 4 (33) 0(0) 4 (25) 0(0)
Length of <6 weeks 2 (8) (0) 2 (14) 1(8) 1(8) 1(6) 1(13)
Follow up
6-12 weeks 18 (75) | 8 (80) 10 (71) 9 (75) 9(75) | 12(75) 6 (75)
>12 weeks 4(17) | 2(20) 2 (14) 2(17) 2(17) |3(19) 1(13)
Type of Any 12 (50) | 5(50) 7 (50) 9 (75) 3(25) |9(56) 3 (38)
Wholegrain* Wholegrain
food
Individual 12 (50) | 5(50) 7 (50) 3 (25) 9 (75) | 7(44) 5 (63)
Wholegrains
Type of ‘No’ or ‘low’ 17 (71) | 7 (70) 10 (71) 9 (75) 8(66) | 11(69) 6 (75)
Comparator
‘Equivalent’ 7(29) |3(30) 4 (29) 3 (25) 4(33) |5(31) 2 (25)
Risk of Bias
Assessment
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Total

Industry

Col

Industry Ties

Characteristic

Category

Total
N=24

Industry
N=10

Non-
Industry
N=14

Col
N =12

No COI
N=12

Industry/
COl
N =16

Non-
Industry/
No COlI
N=8

High Risk of
Bias in random
sequence
generation

0 (0)

0(0)

0(0)

0 (0)

(0)

0 (0)

0 (0)

High Risk of
Bias in
allocation
concealment

1(4)

0 (0)

1(8)

(0)

1(6)

0 (0)

High Risk of
Bias in
blinding of
participants
and personnel

16 (66)

8 (80)

8 (57)

8 (66)

8 (66)

11 (69)

5 (63)

High Risk of
Bias in
blinding of
outcome
assessment

(0)

0(0)

0 (0)

0(0)

0(0)

High Risk of
Bias in
incomplete
outcome data

4(17)

0(0)

4 (29)

3 (25)

1(8)

3(19)

1(13)

High Risk of
Bias in
selective
reporting

(0)

(0)

0(0)

0 (0)

0(0)

0(0)
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Total Industry col Industry Ties
Characteristic | Category Total Industry Non- col No COI | Industry/ | Non-
N=24 | N=10 Industry N =12 N=12 col Industry/
N=14 N =16 No COlI
N=8
High Risk of 3(13) | 2(20) 1(7) 1(8) 2(17) | 2(13) 1(13)
Bias due to
other sources
of bias

# An industry tie is defined as a study with industry sponsorship and / or an author with a conflict of interest
! Percentages may not add to 100 due to rounding

* Individual types of wholegrains e.g. oats, quinoa, barley etc

** ‘Equivalent’ are trials that had compared similar levels of wholegrains e.g. sorghum vs. wheat
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Table 2. High risk of bias rating, Industry sponsored vs non-industry sponsored, and conflict of

interest vs no conflict of interest

Risk of Bias Domain

Industry

col

Random sequence
generation

*

Allocation concealment

*

*

Blinding of participants
and personnel

RR =1.40 (95% Cl 0.81,2.43)

RR =1.00 (95% CI1 0.57, 1.76)

Blinding of outcome
assessment

Incomplete outcome data

*

RR = 3.00 (95% Cl 0.36, 24.92)

Selective reporting

*

*

Other bias

RR =2.80 (95% Cl 0.29, 26.81)

RR = 0.50 (95% Cl 0.05, 4.81)

*RR could not be calculated as there were no studies rated as high risk of bias for the domain
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Figure 1. Study Flow Diagram of Included Trials
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Figure 2. Risk of Bias as Percentages Across All Included Trials
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Figure 3. Effect Size - LDL cholesterol (mmol/L), Industry sponsored vs non-industry sponsored

Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Industry Sponorship
Davwy, BM 2002 -0.08 0.033 11.0% -0.08[-0.14,-0.0Z] 1
Giacco, R 2010 -015 007 81% -015[0.29,-0.01] B
Kirwan, JF 2016 -018 0149 26%  -018[0.55 0.18] —
Kristensen, M 2012 -0.23 01 6.0% -0.23[043,-003] I
Kristensen, M 2017 -0.02 008 TA4%  -002[018,014] — T
Li,J 2003 -0.29 013 45% -0.29[0.54, -0.04] e
Saltzman, E 2001 -0.4 014 4.0% -0.40[0.67,-0.13] —
Stefoska-Meedham A, 2017 01 0.08 T.4% 0.10 [-0.06, 0.26] T
Subtotal (95% CI) 51.0% -0.12[-0.21, -0.03] . 2
Heterogeneity, Tau®= 0.01; Chi*=16.66, df=7 (P=0.02); F= 58%
Testfor overall effect: Z=2.60 (P = 0.003)
1.1.2 No Industry Sponorship
Andersson, A 2007 01 012 4.9% 0.10[-0.14,0.34] e
Erownlee, 14 2010 01a 0.1 5.4% 0.15 [-0.07,0.37] T
Chang, HC 2013 -0.33 043 4.5%  -0.33[0.58,-0.08]
De Carvalho, FG 2014 022 032 1.1% 0.22 [-0.41,0.85] —
Katz, DL 2005 -0.32 009 B6.7% -0.32[050,-0.14] I
Kickuchi, ¥ 2018 -007 018 28%  -0.07[0.42 0.28] e —
Li, L2018 -0.07 009 B6.7%  -0.07[0.25 0.11] b
Missimer, A 2017 -0.2  0.09 6.7% -0.20[0.38,-0.02] I
Melson, K 2016 -0.03 007 81%  -0.03[F0A7 0.11] T
Ross AB, 2011 -018 021 22%  -018[0.59, 023 —
Subtotal (95% CI) 49.0%  -0.09[-0.20, 0.02] L
Heterogeneity: Tau®= 0.02; Chi*= 20.56, df= 9 (F = 0.01); F= 56%
Testfor overall effect: Z£=1.68 {F = 0.09)
Total (95% CI) 100.0% -0.11[-0.18, -0.04] L
Heterogeneity: Tau®=0.01, Chi®= 3723, df=17 (P=0.003); F=54% f

o i 1 s 0 0.5 1
Testfor overall efiect 2= 3.13 (P = 0.001T) Favours Wholegrain  Favours Control

Testfar subaroup differences: Chi#= 014, df=1 (P=0.713, F=0%
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Figure 4. Effect Size - LDL cholesterol (mmol/L), Conflict of interest vs no conflict of interest

Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Random, 95% CIl IV, Random, 95% CI
1.2.1 Author COI
Brownlee, 14 2010 01s 011 a.4% 014007 0.37] I
Chang, HC 2013 -0.33 013 44% -033[-0458 -0.08] e —
Giacco, R 2010 -01a 0,07 8.2% -01a[-0.249 -0.01] —
Kickuchi, ¥ 2018 -0.07 018 8%  -007[0.42 029 I E—
Kirwan, JP 2016 -0.18 0148 25%  -018[055 0149 S R
kristensen, M 2012 -0.23 041 G.0% -023[-043-003] e —
Kristensen, M 2017 -0.02 0.08 A% -0.02[0.18 0.14] T
Melson, K 2016 -0.03 007 82% -003[F0AF 011] I
Ross AB, 2011 -0.18 0.1 22%  -018[0489 023 e E—
Stefoska-Meedham A, 2017 01 008 T A4% 010 [-0.06, 0.26] T
Subtotal (95% CI) 54.4%  -0.07 [-0.16, 0.02] <P

Heterogeneity: Tau®=0.01; Chi*= 17 66, df= 8 (P = 0.04); 7= 49%
Testfor averall effect Z=1.896 (P =012)

1.2.2 No Author COI

Andersson, A 2007 01 012  49%  010[014,034] S
Dawy, BN 2002 -008 003 11.3% -0.08[0.14,-0.07] -

De Carvalho, FG 2014 0,22 032 10%  0.22F0.41,0.85)

Katz, DL 2005 037 009 B7% -0.32[0.50,-0.14] —_—

Li,J 2003 029 013 44% -0.28[0.54,-0.04] —_—

Li, L2018 -007 008  B7% -0.07 [0.25 0.11] N
Missimer, A 2017 .02 008 BT% -0.20[0.38,-0.02] —_—
Saltzman, E 2001 0.4 014 40% -0.40[0.67,-017 _—

Subtotal (95% CI) 456%  -0.15[-0.26, -0.05] -

Heterogeneity: Tau®=0.01; Chi*=17.95, df=7 {(F=0.01);, F=61%
Testfor averall effect Z=2.84 (P = 0.005)

Total (95% CIj 100.0% -0.11[-0.18, -0.04] &

Heterogeneity: Tau®=0.01; Chi"= 37.28, df= 17 (P=0.003); F=54% 5_1 -DI 5 b UIS
Testfor overall effec_t: Z=322(P =_ 0.001) Favours Wholegrains Favours Control
Test for subgroup differences: Chi*=1.30, df=1 {F=028), F=23.3%

148



Figure 5. Effect Size — Systolic Blood Pressure (mm/Hg), Industry sponsored vs non-industry

sponsored and conflict of interest vs no conflict of interest

Mean Difference

Mean Difference

Study or Subgroup Mean Difference  SE Weight IV, Random, 95% CI I, Random, 95% CI
1.4.1 Industry Sponsorship

Giacco, R 2010 -1.4 1360 13.3%  -1.40[-4.07,1.27] —
Kristensen, M 2017 08 149 123% 080212377 I B —
Salzman, E 2001 -5 216 83% -5.00[9.23,-077]

Subtotal (95% CI) 34.0%  -1.53[-4.43, 1.37] ot
Heterogeneity: Tau®= 3.86; Chi*=4.92, df= 2 {F = 0.09); F= 59%

Testfor averall effect: £=1.04 (P =0.30)

1.4.2 No Industry Sponsorship

Andersson, A 2007 -1 1.05 159%  -1.00[-3.06, 1.08] —
Bodinham, CL 2011 -6 214 8.4% -6.00[F10.19,-1.81] e —

Brownlee, 14 2010 081 204 B9% 0.81 [-3.19, 4.81] I
Chang, HC 2013 068 275 549% 0.68[-4.71,6.07]

Kickuchi, ¥ 2018 21 158 11.6% 210[-1.02,58.27] -
Li, L2018 -2 0178 104%  -2.00[5.49, 1.49] I
Melson, K 2016 33N 4.89% 3.00[-3.10,9.10]

Subtotal (95% Cl) 66.0%  -0.54 [-2.53, 1.45] -
Heterageneity: Tau®=3.38; Chi*= 1204, df=6 (F = 0.06); IF= 50%

Testfor overall effect: Z=0.54 (F = 0.59)

Total (95% CI)

100.0%

-0.87 [-2.40, 0.67]

Heterogeneity, Tau®= 2.73; Chi®=17.29, df= 8 (F = 0.04); F= 48%

Testfor overall effect: 2=1.11 (P =0.27)

Testfor subgroup differences: Chi*= 030, df=1 (P =058), F=0%
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Figure 6. Effect Size — Systolic Blood Pressure (mm/Hg), Conflict of interest vs no conflict of interest

Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight I, Random, 95% Cl IV, Random, 95% Cl
1.5.1 Author COI
Bodinham, CL 2011 -6 214 84% -6.00F1019,-1.81]
Browmlee, 1A 2010 081 204 B39% 0.81[F3.19, 4381] I
Chang, HC 2013 0.6B 275 59% 0.68 [4.71, 6.07] Y
Giacco, R 2010 -14 136 133% -140[407,1.27] I
Kickuchi, ¥ 2018 21 159 11.6% 210F1.02,5.22] B
Kristensen, M 2017 08 149 123% 080F212, 372 B
Nelson, K 2016 3 31 40% 300F3.10,9.10] e e —
Subtotal (95% CI) 655.4% -0.13[-2.15, 1.89] -

Heterogeneity. Tau®= 3.56; Chi*= 12.06, df= 6 (P = 0.06); F=50%
Test for overall effect £=0.12 (P =0.90)

1.5.2 No Author COI

Andersson, A 2007 -1 105 159% -1.00[3.06, 1.06] I
Li, L2018 -2 1.78 104% -2.00[5.49,1.49] 1
Saltzman, E 2001 -5 216  83% -500[9.23,-0.77] -
Subtotal (95% CI) 34.6%  -2.07 [-4.15,0.02] i

Heterogeneity: Tau®=1.03; Ch”*= 279, di= 2 {(P=0.25); F= 28%
Test for overall effect Z=1.94 (P = 0.05)

Total (95% CI) 100.0%  -0.87 [-2.40, 0.67]
Heterogeneity: Tau™= 2.73; Ch"=17.25, df=9 {F = 0.04), F= 48%

Test for overall effect Z=1.11 (P=0.27)

Test for subgroup differences: Chf=1.71, di=1 (P =019 F=41.5%

A0 5 5 10
Favours Wholegrains Favours Control

=
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Figure 7. Effect Size - Diastolic Blood Pressure (mm/Hg), Industry sponsored vs non-industry

sponsored

Mean Difference Mean Difference
Study or Subgroup  Mean Difference  SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 Industry Sponsorship
Giacco, R 2010 -01 06 582.0% -0.10-1.28,1.08]
Kristensen, M 2012 -0.8 124 12.2% -0.80[3.23,1.63] i
kristensen, M 2017 1.2 1.24 12.2% 1.20[-1.23, 3.63] I
Saltzman, E 2001 -1 3492 1.2% -1.00 [-8.68, 6.68] e I—
Subtotal (95% CI) 77.5%  -0.02[-0.98, 0.94] L 2

Heterogeneity: Tau®=0.00; ChiF=144 df=3 (P=070); F=0%
Test for overall effect: Z=0.04 (F=0.57)

1.6.2 No Industry Sponsorship

Erowenlee, IA 2010 013 1258 12.0% 0.13[-2.32, 2.58] -t
Chang, HC 2013 73 243 3% 3.73[1.03, 8.49] T
Kickuchi, ¥ 2018 1.3 703 04% 1.30[12.48 15.08]

Li, L2018 -0 169 G6.E% -0.B0[-3.91, 2.71] T
Melson, K 2016 -1 6.8 04% -1.10[14.43,12.23]

Subtotal (95% CI) 22.5% 0.42[-1.37, 2.21] S

Heterageneity: Tau®=0.00; Chi®=2.24, df =4 (P =067}, F= 0%
Testfor overall effect £= 0,46 {F = 0.64)

Total (95% CI) 100.0% 0.08 [-0.77, 0.93] ?

Heterogeneity Tau= 0.00; Chi®= 3.97, df= 8 (P = 0.86%; F= 0% I ; 1 t {

Testf Il effect Z=0.18 (P = 0.85 -0 10 o 10 20
BsLTOroverall 8 ec.. =0.18¢( T ) Favours Wholegrain Favours Control

Test for subgroup differences: Chif=018, df=1 (F=0.67), F=0%
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Figure 8. Effect Size - Diastolic Blood Pressure (mm/Hg), Conflict of interest vs no conflict of interest

Mean Difference Mean Difference
Study or Subgroup  Mean Difference SE  Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.7.1 Author COI
Erownlee, 14 2010 013 1.25 120% 013[-2.32 2.58] -
Chang, HC 2013 373 243 32% 3T73[1.03 8.49] e
Giacco, R 2010 -0 06 a20% -0101[-1.28,1.08] L 3
Kickuchi, v 2018 1.3 7.03 04% 1.30[12.48 15.08]
Kristensen, M 2012 -0.8 1.24 122% -0.80[-3.23,1.63] T
Kristensen, M 2017 12 124 1223% 1.20[-1.23 3.63] I
Melson, K 2016 11 B8 04% -110[-14.43 1223]
Subtotal (95% CI) 92.2% 0.14[-0.74, 1.02] L
Heterageneity: Chi*=3.71, df=6{FP=072); F=0%
Testfor overall effect Z=0.32 (P =0.79)
1.7.2 No Author COI
Li, L2018 -06 1.68 f.6% -0.60 [-3.91, 2.71] i —
Saltzman, E 2001 -1 382 1.2% -1.00 [-8.68, 6.68] —
Subtotal (95% CI) 7.8%  -0.66[-3.70, 2.38] i
Heterogeneity: ChifF=0.01, df=1 (P =093), F=0%
Testfor overall effect Z=043 (P =067}
Total (95% CI) 100.0% 0.08 [-0.77, 0.93] ?
Heterogeneity: Chit= 3.97, df=8 (P = 0.86); F=0% 1_20 _110 ] 110 201

Testfor overall effect Z=0.18 (F = 0.89)

A - Favours Wholegrain  Favours Contral
Testfor subaroup differences: Chif=0.25, df=1 (P=062), F=0%
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Supplementary File 1: Search Strategy OVID Medline: wholegrain & CVD

1. Randomized controlled trial*.sh.

2. experimental design.tw.

3. intervention*.tw.

4. (RCT* or rct*).tw.

5. random* control* trial*.tw.

6. clinical trial*.sh.

7. field trial*.tw.

8. community trial*.tw.

9. controlled clinical trial*.tw.

10. pragmatic trial*.tw.

11. observational study.sh.

12. cohort study.tw.

13. prospective cohort*.tw.

14. retrospective cohort*.tw.

15. case control*.sh.

16. ecological study.tw.

17. time series analys?s.tw.

18. before-after study.tw.

19. pre-post study.tw.

20. follow up stud*.sh.

21. comparative stud*.sh.
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22. evaluation stud*.sh.

23.1or2or3o0rd4or50r6or70or80or9orl10orllorl2orl13orld4orl5o0rl6orl17o0r18or19
or20or21or22

24. Edible Grain/ae, me [Adverse Effects, Metabolism]
25. grain*.tw.

26. Dietary Carbohydrates/ or Edible Grain/ or Bread/ or Dietary Fiber/
27. whole grain*.tw.

28. partially processed grains.tw.

29. whole wheat.tw.

30. wholemeal.tw.

31. rice*.tw.

32. oat*.tw.

33. barley*.tw.

34. wheat*.tw.

35. Amaranthus/ae, me [Adverse Effects, Metabolism]
36. amaranth.tw.

37. Millets/me [Metabolism]

38. millet*.tw.

39. Sorghum/me [Metabolism]

40. sorghum*.tw.

41. maize*.tw.

42. spelt*.tw.

43. buckwheat*.tw.

44, Triticale/me [Metabolism]
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45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

triticale*.tw.

fonio*.tw.

emmer.tw.

einkorn*.tw.

kamut*.tw.

canary seed*.tw.

Bread/ae, an, me [Adverse Effects, Analysis, Metabolism]

bread*.tw.

breakfast cereal*.tw.

pasta*.tw.

noodle*.tw.

Flour/ae, an, st [Adverse Effects, Analysis, Standards]

flour*.tw.

polenta*.tw.

semolina*.tw.

bran.tw.

corn.tw.

wheat germ*.tw.

corn cake*.tw.

scone*.tw.

couscous.tw.

crumpet®.tw.

dietary fiber.tw.
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68. dietary carbohydrate*.tw.

69. glycemic index.tw.

70.24 0or250r260r27o0r28o0r290r300r31or32or33o0r34or35o0r36or37or38or39or40
ord4lord42or43ord4d4ord50rd46ord47 ord48ord49or500r51or52or53o0r540r55o0r56o0r57or
58 or 59 or 60 or 61 or 62 or 64 or 65 or 66 or 67 or 68 or 69

71. Coronary Disease/ or Cardiovascular Diseases/ or Hypertension/ or Atherosclerosis/

72. cardiovascular disease*.tw.

73. coronary*.tw.

74. heart*.tw.

75. cardia*.tw.

76. myocard*.tw.

77. isch?em*.tw.

78. angina*.tw.

79. ventric*.tw.

80. tachycardi*.tw.

81. pericard*.tw.

82. endocardi*.tw.

83. atrial fibrillat*.tw.

84. arrhythmi*.tw.

85. athero*.tw.

86. arterio*.tw.

87. HDL.tw.

88. LDL.tw.

89. VLDL.tw.
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90. lipid*.tw.

91. lipoprotein*.tw.

92. triacylglycerol*.tw.

93. hyperlipid*.tw.

94. hypercholesterol*.tw.

95. hypercholester?emia*.tw.

96. hypertriglycerid?emia*.tw.

97. Cholesterol/

98. Stroke/

99. Cerebrovascular Disorders/

100. vascular accident®.tw.

101. TIA.tw.

102. Thrombosis/

103. thrombosis.tw.

104. Embolism/ or Pulmonary Embolism/
105. apoplexy.tw.

106. (brain adj2 accident™®).tw.

107. ((brain* or cerebral or lacunar) adj2 infarct*).tw.
108. Blood Pressure/ or Hypertension/
109. systolic blood pressure.tw.

110. diastolic blood pressure.tw.

111. Peripheral Vascular Diseases/ or Peripheral Arterial Disease/

112. (coronar$ adj5 (bypasS or graft$ or disease$ or eventS)).tw.
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113. (cerebrovasc$ or cardiovascS or mortal$ or angina$ or stroke or strokes).tw.
114. (myocardi$ adj5 (infarct$ or revascular$ or ischaemi$ or ischemi$)).tw.

115. (morbid$ adj5 (heart$ or coronar$ or ischaems$ or ischem$ or myocard$)).tw.
116. (vascular$ adj5 (peripheral$ or disease$ or complication$)).tw.

117. (heart$S adj5 (disease$ or attackS or bypass$)).tw.

118. Mortality/

119. mortality.tw.

120. Diabetes Mellitus, Type 2/

121. Hyperglycemia/

122. hyperglycemi*.tw.

123. (glucose adj2 intoleran*).tw.

124. Insulin Resistance/

125. (metabolic adj3 syndrome adj3 x).tw.

126. metabolic cardiovascular syndrome.tw.

127. dysmetabolic syndrome x.tw.

128. HbAlc.tw.

129. (glyc?emic adj3 control).tw.

130.710or72or 73 or 74 or750r 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83 or 84 or 85 or 86 or 87
or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 96 or 97 or 98 or 99 or 100 or 101 or 102 or 103 or
104 or 105 or 106 or 107 or 108 or 109 or 110 or 111 0or 112 or 113 or 114 or 115 or 116 or 117 or
118 or 119 or 120 or 121 or 122 or 123 or 124 or 125 or 126 or 127 or 128 or 129

131.23 and 70 and 130

132. limit 131 to (humans and yr="1997 -Current")
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Supplementary File 2: List of Excluded Trials and Reasons for Exclusion

Year: Author

Title

Reason for exclusion

Abellan Ruiz, | Effect of quinua (Chenopodium quinoa) Participants did not meet
MS 20171 consumption as a coadjuvant in nutritional inclusion criteria
intervention in prediabetic subjects
Ahuja, KD Postprandial platelet aggregation: effects of The intervention measured
20122 different meals and glycemic index the effect of glycemic index.
No separate analysis of
wholegrains
Albertson, The relationship of ready-to-eat cereal Measurement was of ready
AM 20093 consumption to nutrient intake, blood lipids, and to eat cereals, which
body mass index of children as they age through included refined grains
adolescence
Aldana, SG The behavioral and clinical effects of therapeutic Study measured effect of a
2006* lifestyle change on middle-aged adults mixed lifestyle intervention.

No separate analysis of
wholegrains

Aller, R 2004°

Effect of soluble fiber intake in lipid and glucose
levels in healthy subjects: a randomized clinical
trial

The intervention group
consumed foods
supplemented with dietary
fiber, not wholegrains

Ard, JD 2000°

Culturally-sensitive weight loss program produces
significant reduction in weight, blood pressure and
cholesterol in eight weeks

The intervention did not
include wholegrains

Arts J, 2016’

A Nutrition Intervention to Increase Whole Grain
Intake in College Students

Not an RCT

Bajerska J,

Effects of Rye Bread Enriched with Green Tea

Participants did not meet

diet in overweight women

20158 Extract on Weight Maintenance and the inclusion criteria
Characteristics of Metabolic Syndrome Following
Weight Loss: A Pilot Study
Beck, EJ Oat beta-glucan supplementation does not The intervention group
2010° enhance the effectiveness of an energy-restricted consumed foods

supplemented with beta-
glucan, not wholegrains

Bergeron N,

Diets high in resistant starch increase plasma levels

The intervention did not

blood lipids in healthy male volunteers

2016%° of trimethylamine-N-oxide, a gut microbiome include wholegrains
metabolite associated with CVD risk.
Bloedon, LT Flaxseed and cardiovascular risk factors: results Participants did not meet
20084 from a double blind, randomized, controlled inclusion criteria
clinical trial
Bourdon, | Postprandial lipid, glucose, insulin, and No relevant outcomes were
199912 cholecystokinin responses in men fed barley pasta | measured
enriched with beta-glucan
Brighenti, F Effect of consumption of a ready-to-eat breakfast The intervention group
199913 cereal containing inulin on the intestinal milieu and | consumed foods

supplemented with inulin,
not wholegrains
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Year: Author

Title

Reason for exclusion

Brufau, G Evaluation of lipid oxidation after ingestion of The intervention group
2004 bakery products enriched with phytosterols, beta- | consumed foods
carotene and alpha-tocopherol supplemented with sterol
esters, a-tocopherol and b-
carotene, not wholegrains
Carvalho- Determination of the in vivo prebiotic potential of | No data available on
Wells a maize-based whole grain breakfast cereal: a relevant outcomes
AL,2010 human feeding study
Charlton, KE Effect of 6 weeks' consumption of beta-glucan-rich | Participants did not meet
20125 oat products on cholesterol levels in mildly inclusion criteria
hypercholesterolaemic overweight adults
Chen J, A randomized controlled trial of dietary fiber The intervention group
20061° intake on serum lipids consumed foods
supplemented with oat
bran concentrate, not
wholegrains
Cherbut, C Digestive and metabolic effects of potato and The intervention group
1997%7 maize fibres in human subjects consumed foods
supplemented with fibre,
not wholegrains
Cioffi |, Whole-grain pasta reduces appetite and meal- Not an RCT
2016 induced thermogenesis acutely: a pilot study
Clifton, PM Cholesterol-lowering effects of plant sterol esters Participants did not meet
2004% differ in milk, yoghurt, bread and cereal inclusion criteria
Costabile, G Subjective satiety and plasma PYY concentration No relevant outcomes were
2018%° after wholemeal pasta measured
Dainty SA, Resistant Starch Bagels Reduce Fasting and The intervention group
2016% Postprandial Insulin in Adults at Risk of Type 2 consumed foods with
Diabetes resistant starch, not whole
grains
de Beneficial effects of a 5-week low-glycaemic index | The intervention measured
Rougemont, regimen on weight control and cardiovascular risk | the effect of glycemic index.
A 2007% factors in overweight non-diabetic subjects No separate analysis of
wholegrains
Dinu, M Consumption of buckwheat products and Participants did not meet
2017% cardiovascular risk profile: a randomized single- inclusion criteria
blinded crossover trial
Fatahi, S Impact of Diets Rich in Whole Grains and Fruits and | Participants did not meet
2018% Vegetables on Cardiovascular Risk Factors in inclusion criteria
Overweight and Obese Women: a Randomized
Clinical Feeding Trial
Gonzalez- Effect of a high fat or high carbohydrate breakfast | The intervention group
Ortiz, M on postprandial lipid profile in healthy subjects consumed high
2004% with or without family history of type 2 diabetes carbohydrate breakfast

mellitus

foods, not wholegrains
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Year: Author

Title

Reason for exclusion

Guess N,
2016%

The effect of dietary changes on distinct
components of the metabolic syndrome in a young
Sri Lankan population at high risk of CVD

Not an RCT

Hu X, 2013%

Soy fiber improves weight loss and lipid profile in
overweight and obese adults: a randomized
controlled trial

The intervention group
consumed foods
supplemented with soy
fibre, not whole grains

Ibrugger, S
2013%

Extracted oat and barley beta-glucans do not affect
cholesterol metabolism in young healthy adults

The intervention group
consumed foods
supplemented with
different beta-glucans, not
wholegrains

Jalil, A 2016%

Acute effects of breads prepared with beta-glucan
and black tea on glucose and insulin responses in
healthy volunteers

Conference abstract only.
No full text could be found

Karl, JP Substituting whole grains for refined grains in a 6- No relevant outcomes were
2017% wk randomized trial favorably affects energy- measured
balance metrics in healthy men and
postmenopausal women
Karmally, W Cholesterol-lowering benefits of oat-containing The intervention group
20053 cereal in Hispanic Americans consumed foods
supplemented with oat
bran, not wholegrains
Kleemola, P The effect of breakfast cereal on diet and serum The intervention group
19993 cholesterol: a randomized trial in North Karelia, consumed ready to eat

Finland

cereals, not specifically
wholegrains

Kristensen M,
20113

A diet rich in oat bran improves blood lipids and
hemostatic factors, and reduces apparent energy
digestibility in young healthy volunteers

The intervention group
consumed foods
supplemented with oat
bran, not wholegrains

Kristensen M,
2015%

Effect of wholegrain emmer wheat on serum folate
and homocysteine-a pilot human intervention
study

Conference abstract only.
No full text could be found

Lee, KW
2006%

The effects of Goami No. 2 rice, a natural fiber-rich
rice, on body weight and lipid metabolism

The intervention group
consumed high fibre rice,
not wholegrain rice

Leinonen, KS

Rye bread decreases serum total and LDL

No combined outcome data

20003%¢ cholesterol in men with moderately elevated available. Males and

serum cholesterol females analysed

separately

Maki, KC Whole-grain ready-to-eat oat cereal, as part of a Participants did not meet
2010% dietary program for weight loss, reduces low- inclusion criteria

density lipoprotein cholesterol in adults with

overweight and obesity more than a dietary

program including low-fiber control foods
Malin SK, A whole-grain diet reduces peripheral insulin No relevant outcomes were
2018% resistance and improves glucose kinetics in obese measured

adults: a randomized-controlled trial.
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Martinez, | Gut microbiome composition is linked to whole No relevant outcomes were
2013% grain-induced immunological improvements measured
Meydani, M Short term consumption of whole grain foods Conference abstract only.
2016 independent of weight loss does not affect No full text could be found
surrogate markers of cvd
Mills, LM Increased oats' consumption does not reduce Conference abstract only.
20154 cardiovascular disease risk markers in middle-aged | No full text could be found
healthy volunteers
Pomeroy, S Oat R-glucan lowers total and LDL-cholesterol The intervention group
2001% consumed foods
supplemented with beta-
glucan, not wholegrains
Poppitt, SD Supplementation of a high-carbohydrate breakfast | The intervention group
20074 with barley beta-glucan improves postprandial consumed foods
glycaemic response for meals but not beverages supplemented with beta-
glucan, not wholegrains
Price, RK Consumption of wheat aleurone-rich foods The intervention group
2010% increases fasting plasma betaine and modestly consumed foods enriched
decreases fasting homocysteine and LDL- with wheat aleurone, not
cholesterol in adults wholegrains
Ridges, L Cholesterol lowering benefits of soy and linseed Participants did not meet
2001% enriched foods inclusion criteria
Roager HM, Whole grain-rich diet reduces body weight and Participants did not meet
2018% systemic low-grade inflammation without inducing | inclusion criteria
major changes of the gut microbiome: a
randomised cross-over trial.
Robitaille, J Effect of an oat bran-rich supplement on the The intervention group
2005% metabolic profile of overweight premenopausal consumed foods
women supplemented with oat
bran, not wholegrains
Rosado, JL An increase of cereal intake as an approach to Measurement was of ready
20088 weight reduction in children is effective only when | to eat breakfast foods, not
accompanied by nutrition education: a randomized | wholegrains specifically
controlled trial
Sandberg JC, | Rye-Based Evening Meals Favorably Affected No relevant outcomes were
2016% Glucose Regulation and Appetite Variables at the measured
Following Breakfast; A Randomized Controlled
Study in Healthy Subjects
Sandberg JC, | Effects of whole grain rye, with and without No relevant outcomes were
2017%° resistant starch type 2 supplementation, on measured
glucose tolerance, gut hormones, inflammation
and appetite regulation in an 11-14.5 hour
perspective; a randomized controlled study in
healthy subjects.
Sereni, A Cardiovascular benefits from ancient grain bread Intervention groups
2017* consumption: findings from a double-blinded consumed ‘ancient’ and

randomized crossover intervention trial

‘modern’ grains, not
wholegrains
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Soderholm, Rye bread intake improves oxidation resistance of | No relevant outcomes were

PP 2012 LDL in healthy humans measured
Tighe, P Effect of increased consumption of whole-grain Participants did not meet
2010% foods on blood pressure and other cardiovascular the inclusion criteria

risk markers in healthy middle-aged persons: a
randomized controlled trial

Tighe, P Effects of wheat and oat-based whole grain foods Participants did not meet
2013> on serum lipoprotein size and distribution in the inclusion criteria
overweight middle aged people: a randomised
controlled trial
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