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From the American Society for Nutrition
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ABSTRACT
Scientific progress depends on the quality and credibility of research
methods. As discourse on rigor, transparency, and reproducibility
joins the cacophony of nutrition information and misinformation in
mass media, buttressing the real and perceived reliability of nutrition
science is more important than ever. This broad topic was the focus
of a 2016 plenary session, “Scientific Rigor and Competing Interests
in the Nutrition Research Landscape.” This article summarizes and
expands on this session in an effort to increase understanding and
dialogue with regard to factors that limit the real and perceived re-
liability of nutrition science and steps that can be taken to mitigate
those factors. The end goal is to both earn and merit greater trust
in nutrition science by both the scientific community and the gen-
eral public. The authors offer suggestions in each of the domains of
education and training, communications, research conduct, and pro-
cedures and policies to help achieve this goal. The authors emphasize
the need for adequate funding to support these efforts toward greater
rigor and transparency, which will be resource demanding and may
require either increased research funding or the recognition that a
greater proportion of research funding may need to be allocated to
these tasks. Am J Clin Nutr 2018;107:484–494.

Keywords: research methods, scientific rigor, nutrition, conflict of
interests, transparency, trust

INTRODUCTION

Science is the best method we have of coming to an impar-
tial knowledge about the world. Science derives its power to pro-
duce such knowledge from its methods and its power to influence
persons to accept such knowledge from their trust that the meth-
ods will be implemented objectively and rigorously. Hence, if
methods, or trust in those methods, are compromised, the knowl-
edge generated by their application may be faulty or its accep-
tance eroded. Consequently, there is much interest in achieving
ever greater rigor, reproducibility, and transparency in science
(1–5). Various fields and parties have expressed such concerns
and put forth efforts to strengthen the integrity of the scientific
process, such as the American Statistical Association (6), the
Center for Open Science (7), individual universities [e.g., (8)],
and government funding agencies [e.g., (9, 10)]. Similar concerns

and efforts are evident in nutrition and obesity research (11–13)
as areas of scientific work in which the importance of trust ap-
pears especially salient (14–18).

Both real and perceived threats to the credibility of nutrition
science are often generated by research and communication pro-
cesses that are biased by competing interests (i.e., interests other
than the seeking of objective knowledge). This may be true of
other sciences, but it is certainly true of nutrition science. As
such, the ASN, the International Life Sciences Institute (ILSI)
North America, and the Canadian Nutrition Society united in the
opening symposium of the 2016 ASN Scientific Sessions to dis-
cuss the following topics: 1) maximizing scientific rigor andman-
aging competing interests effectively, 2) research integrity in an
era of competing interests, 3) the nature of competing interests,
4) uses of industry-funded research by federal agencies, 5) rela-
tions between funding source and quality of resultant research,
6) NIH guidelines for rigor and reproducibility, and 7) moving
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from recognition of threats to rigor and trust in nutrition science
to mitigation. Here, we summarize various perspectives on dif-
ferent kinds of threats to credibility in the nutrition research land-
scape, the role of competing interests in generating both real and
perceived threats, and how to manage and reduce those threats
in ways that both warrant and foster the public’s confidence in
the nutrition science community and disseminated public health
research.

MAXIMIZING SCIENTIFIC RIGOR AND MANAGING
COMPETING INTERESTS: SETTING THE STAGE

As in most areas of science, nutrition research faces challenges
that affect critical areas of global public health concern and re-
quire both reliable science and society’s trust in the research pro-
cess and its results for progress to ensue. For instance, remark-
able advances in biology and technology provide scientists with
opportunities to examine interactions among environments, hu-
man behaviors, and genomes in ways that were unthought of even
10 y ago. These opportunities overlap with public health chal-
lenges that result from concurrent trends, such as ongoing demo-
graphic shifts due to aging, impaired health due to weight status,
and global population growth due to economic improvements.
These trends may amplify direct effects on nutrition by affecting
additional dynamics. For example, economic growth may chal-
lenge environmental sustainability, and increasing abilities to ma-
nipulate food supplies may influence consumer behaviors in ways
that prompt focus on undue manipulations of consumer choices
and corporate responsibilities. Responsible management of these
trends will largely depend on the conduct of science and the trust
stakeholders engender in science.

Additional issues in nutrition science that face increasing de-
mands for improvement include the following: reviewing the pro-
cesses for updating theDietaryGuidelines for Americans (19–21)
and international nutrient standards (22, 23), expanding the use
of chronic disease endpoints in Dietary Reference Intake devel-
opment (23, 24), examining nutritional requirements for medical
foods (25–27), strengthening monitoring and assessment of food
safety (28, 29), and addressing global food and nutrient security
(30–32). The nature of these endeavors highlights both the impor-
tance and challenges of discerning opinion from fact. Succeeding
in each of these endeavors is critical for the advancement of nu-
trition science and health promotion at the global level. Yet, the
objectivity needed for success can be impeded by personal beliefs
and other conflicts when they are not successfully managed (33).

To enhance trust in nutrition science, addressing issues of sci-
entific rigor and managing competing interests successfully are
key. In response to these needs, the ASN assembled an advisory
committee (12) with a mission entitled, “Ensuring Trust in Nu-
trition Science.” Its charge is to identify best practices for opti-
mizing rigor, transparency, and accountability in the conduct of
science and in the realization of anticipated public benefits of nu-
trition research. The desired outcomes are the adoption of best
practices by ASN and its nonprofit, for-profit, and government
partners, to make those best practices available to all interested
parties and to maintain the goal of equipping the public to ob-
jectively evaluate the rigor, transparency, and relevance of nutri-
tion research. A major underlying component of this endeavor is
thus to explore how to responsibly manage and mitigate both real
and perceived biases within nutrition research that are created by
competing interests.

RESEARCH INTEGRITY IN AN ERA OF COMPETING
INTERESTS

Although various competing interests, such as the desire for
fame and respect, the imperative to publish, or stakes in previous
bodies of work, may increase bias within research and merit at-
tention, financial interests often receive the most attention [e.g.,
(34, 35)]. The attention to financial interests is particularly rele-
vant because of the substantial role that industry funding has in
food science and nutrition research and the likelihood this role
will continue to grow. There are several reasons for this. First,
public sources of research funds (e.g., USDA, US Department of
Health & Human Services, CDC, NIH, National Science Foun-
dation, Horizon 2020, National Research Council, and German
Research Foundation) are limited. Second, not all nutrition re-
search fits into the NIH biomedical model—the most substan-
tial source of public funds for biomedical research (36). Third,
the food industries themselves are legally responsible for show-
ing support of their claims with research and, in some cases, for
proving the safety of their food products. Fourth, researchers with
funding from nonprofit organizations have incentive to also part-
ner with industry—for instance, to show their ability to obtain di-
verse research support when applying for tenure, test interesting
questions not typically supported by nonprofit funds, and receive
consulting incomewhen their expertise may benefit research con-
duct. The high prevalence of privately funded research in nutri-
tion science, coupled with the drive for investigators to work with
industry (i.e., in public-private partnerships), results in both real,
perceived, and potential dual interests and the need to ensure trust
and transparency.

Concerns of this nature are not new (37). With regard to the
role of scientists in government, a 1960 article in Science (38)
states, “The situation is awkward, but it is also absolutely un-
avoidable. The government clearly needs the best scientific ad-
vice it can get, and it can get this advice only from men with
the pertinent experience—that is, in most cases, precisely from
the men who will find themselves in a conflict-of-interest situa-
tion,” which the article goes on to describe as associating with,
consulting for, and investing in the intellectual centers doing busi-
ness with the government in their area of expertise. Serious de-
bate about the physician-industry relationship became prevalent
within the US government and peer-reviewed scientific journals
in the 1990s (39, 40) and persists today (41, 42). Conflicts related
to food, nutrition, and agriculture shifted into focus soon after and
remain of high public interest.

In the late 1990s, ILSI North America considered various ways
to address competing interests in nutrition research. A publica-
tion (13) resulted in 2009 with 3 major scientific organizations—
ASN, the then American Dietetic Association, and the Institute
of Food Technologists—that urged putting systems in place to
build trust through transparency, as well as developing a com-
mon understanding among all public and private parties. One
principle pertains to the conduct of the research itself (i.e., from
design to implementation and outcome) and maintains that the
way to ensure trust in scientists and the entire scientific pro-
cess is to show rigor. This includes having access to verifi-
able data, ensuring an intent to publish those data and fol-
lowing through on that intent, disclosing known limitations,
and restricting ghost authorship (43). Trust and transparency
are the critical elements to the public dialogue today; and as
stated by The New England Journal of Medicine, “Transparency
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becomes increasingly necessary in an environment with low
trust” (44).

Although ideals, such as providing access to verifiable data,
might help improve both rigor and trust, particularly when com-
peting interests are present, it is worthwhile to point out that ef-
forts to improve the current state of affairs are in progress. The
determination of how to manage prevailing barriers might need
to ensue before solutions can become common practice. For in-
stance, proposals have been put forth to make data more accessi-
ble [e.g., (45)]. However, issues of data-access rights, platform,
and funding might still need to be sorted out on a case-by-case
basis to facilitate widespread implementation. The process’s suc-
cessful implementation requires changes at the institutional level,
such as prioritization of funds allocated toward these tasks, as
well as interested and qualified personnel to develop and imple-
ment them.

THE NATURE OF COMPETING INTERESTS:
DISCLOSURE IS NOT ENOUGH

As described above, financial conflicts of interest perhaps re-
ceive the most attention and are prevalent within nutrition science
as public-private research partnerships. The purpose of these part-
nerships is to share resources to obtain a mutual goal that could
not be obtained independently. For instance, researchers provide
industry with advice on how to test the efficacy of their products,
and industry provides researchers with funds to conduct required
evaluations. When competing interests are managed responsibly,
all parties can then provide new information to the public. Al-
though few would argue that these relationships, like all relation-
ships, do not raise ethical concerns that must be managed, the
extent to which these partnerships can benefit nutrition and pub-
lic health research is noteworthy, as we show here with several
examples.

The Sibutramine Cardiovascular Outcomes (SCOUT) Trial is
one of the largest clinical trials on an antiobesity medication ever
conducted. It included 400 centers, 16 countries, and a sample of
10,000 persons; had a 5-y duration; was a randomized, double-
blind study; and was sponsored by Abbott for ∼$200 million
(46). Research consultants advised the protocols, communicated
with investigators at other centers, and had full access to the data.
This study found that although the drug had an effect on weight
loss, the incidence of noncardiovascular complications increased
by 16%. Consequently, Abbott withdrew their compound from
each of the 70 countries in which it was launched (47). As a net
gain, the unique data set provided researchers with the first set
of intervention data that indicate that losing weight, especially in
high-risk groups, reduced the risk of cardiac events (48).

In another example, the randomized, case-controlled, A Study
of Risk Factors for First Myocardial Infarction (INTERHEART)
study consisted of 27,000 persons in 52 countries and investi-
gated risk factors for those entering a hospital with a heart attack
compared with matched controls. This study found waist-to-hip
ratio to be a more reliable predictor of heart attacks than BMI
(49). AstraZeneca, Novartis, Sanofi Aventis, Knoll Pharmaceu-
ticals (now Abbott), Bristol-Myers Squibb, Sanofi-Synthelabo,
Boehringer-Ingelheim, Sankyo, Banyu, Pfizer, Pharmacia & Up-
john, Warner-Parke-Davis, and King Pharma sponsored the study
and worked in collaboration with the Population Health Re-
search Institute at McMaster University in Canada; University of

Wisconsin Medical School; Instituto Mario Negri in Italy; the
University of Cape Town; Ninewells Hospital and Medical
School in the United Kingdom; the University of Split, Croatia;
Gaborone Private Hospital in Botswana; the Cardiovascular In-
stitute and Fu Wai Hospital in China; Ramathibodi Hospital in
Thailand; and Nairobi Women’s Hospital in Kenya. These are ex-
amples of highly powered, impactful studies that benefited from
public-private partnerships and served the public.

Another example of a public-private partnership ultimately
benefiting nutrition science is research conducted on trans fatty
acids. trans Fatty acids were originally incorporated into foods
by industry. They were anticipated to be a healthier alternative
to SFAs by scientists, consumer advocates (e.g., the Center for
Science in the Public Interest), and mass media through the late
1980s (50). After results from clinical trials challenged this view
in 1990 (51), a study funded by industry (e.g., the Institute of
Shortening and Edible Oils, Nabisco Foods Group, the National
Association of Margarine Manufacturers, the Snack Food Asso-
ciation, and others) in collaboration with the USDA and George
Washington University Medical Center (52) found evidence sug-
gesting that trans fatty acids increase the risk of developing heart
disease by adversely affecting plasma cholesterol. As argued by
Schleifer in 2011 (50), corporations have a history of involvement
in research to control their products’ image [e.g., (53–56)]. Some
members of the private sector stepped in to defend trans fats,
presumably to protect their commercial interests; nonetheless, it
was transparent reporting of the industry-funded findings that ar-
guably provided the most compelling evidence against trans fatty
acids (52). The private sector is, in some cases, legally required
to show the safety and efficacy of their products via scientific re-
search, which is discussed in more detail below. At its best, com-
mercial funding relieves financial burdens from the public sector,
which understandably prioritizes biomedical research, and pro-
vides reliable data on food products and supplements for use by
the public, scientists, clinicians, and policy makers to inform de-
cisions about optimal food intake. The degree of risk posed by
these partnerships, coupled with their known benefits, suggests
to their advocates that the preservation of these partnerships is
optimal but only when results are from unbiased work and trans-
parently documented by rigorous methods, contract terms, appro-
priate data analyses, and a clear intent and execution of noncen-
sored publishing—standards that all science benefits from.

Although public-private partnerships create an invaluable op-
portunity to generate knowledge, competing financial interests
may bias the research process when not managed responsibly,
and thus many steps have been taken in attempt to reduce such
bias and warrant trust. For instance, it is now the usual practice
for peer-reviewed journals to require disclosure of financial inter-
ests when submitting articles for publication. This practice does
help warrant trust in science via improved transparency. When
considering biases (i.e., the degree to which a research process
is biased or its results reliable), however, funding sources may
not be the most important question. When breaking down con-
flicts of interest, 3 areas merit consideration: 1) someone has an
interest in something, 2) this interest drives an agenda, and 3) the
agenda may or may not affect the integrity of the goal-achieving
process. When considering industry and commercial conflicts,
the agenda often is straightforward and simple to document. The
industry agenda is to sell a product or service and profit from
the sale, and thus people look at industry-funded research data
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carefully to ensure that products are not portrayed as better than
the data support. Alternatively, people may opine, a priori, that
because studies funded by industry or commodity groups are
more likely to report beneficial results than a lack of harm (35),
their findings should be considered biased (57). Similar to the
simplicity of limiting conflict-of-interest disclosures to industry
support, declaring the previous or anticipated publication of a
book relevant to the topic at hand is a straightforward way for
scientists to report another important source of competing com-
mercial interest. Perhaps the relative ease of discerning and re-
porting commercial conflicts contributes to their focus in discus-
sions about competing interests, even though other conflicts may
be at least as prominent and threatening to the validity of results.

Reporting conflicts of interest becomes more complicated, for
instance, with the agenda of making a living via career advance-
ment. If academic researchers want tenure, they often must ob-
tain grant support (often from both private and federal sectors,
to show resource diversity) and publish. Both processes involve
a level of “selling” research questions and results. This creates
ample room for career-related conflicts of interest to bias mes-
sages of significance and the interpretation of results. Even after
scientists achieve tenure, the desirability of obtaining publicity
and speaking fees or further enhancing professional stature may
result in substantial conflicts of interest. Such conflicts likely are
commonly held and may or may not impede the integrity of the
scientific process. This is likely also the case with commercial
conflicts. Yet, the former variety often goes unacknowledged in
disclosures and formal discussions of competing interests. Al-
though redundant, disclosures of commercial and other conflicts
may strengthen science, prime awareness of common potential
causes of biases, influence the refinement of systems that help
protect the scientific process from biases, and substantially en-
hance trust.

Matters become further complicated with ideological conflicts
of interest, such as when the source of conflict is a person’s opin-
ion or belief. In this case, the agenda may be to convince others
of an idea or spread an opinion. One may ask whether a person’s
research is unduly biased in the direction of his or her ideology.
Such agendas could be very personal, in some cases perhaps sub-
conscious, unreported in disclosure statements, and potentially
just as critical a risk to credibility as financial and career con-
flicts. For instance, if a scientist loses a parent to a cancer that
was missed due to lack of screening, that researcher may have
an agenda to promote cancer screening. Could such a history
bias research that seeks to elucidate the benefits of early cancer
detection?

Our challenge is that professionals have competing interests
beyond the commercial variety that may bias their research pro-
cess and render findings invalid and untrustworthy. They can in-
clude career, ideological, and other interests based on personal
histories—that is, a plethora of agendas that are unknown because
they are not declared within scientific reports or, in some cases,
known by those who hold them. Conflict-of-interest forms typ-
ically probe who scientists receive money from, but this is just
one source of potential conflicts. Funding disclosures contribute
to transparency and trust, and thus should be continued, but they
are unlikely to eliminate bad science (e.g., unwarranted degrees
of certainty). Ultimately, what matters when considering credi-
bility is the quality of the research itself, and the most reliable
evidence of research quality is the degree of transparency and

rigor of the underlying science. For every study, the following
questions are likely the most important:

1) Is the research question important?
2) Does the study design address the question?
3) Was the study well performed?
4) Were steps taken to ensure objectivity?
5) Was the proper statistical analysis used?
6) Were the right conclusions drawn?
7) Is enough information reported to answer these questions?

Agendas may or may not be known, but regardless, the science
must live up to expectations that center on robustness and replica-
bility if the goal is to improve the credibility of nutrition research.

A FEDERAL PERSPECTIVE ON RESEARCH DATA

In the realms of food safety and health claims, one aspect that
may help improve credibility is clarification of the degree of rigor
involved in the policies by which federal agencies use research
to make decisions. Thus, this section provides insight about how
the Food and Drug Administration (FDA), particularly the Cen-
ter for Food Safety and Applied Nutrition, uses a variety of re-
sources to evaluate the safety of ingredients and food additives,
as well as evidence to support claims about products. It describes
the sources of information that are used by federal agencies, the
nature of existing evidence, the processes of agency review in
the context of safety and claims, and strengths and limitations of
these processes.

Sources of information deemed useful to federal agencies in-
clude reports from authoritative scientific bodies (e.g., The Na-
tional Academy of Sciences, Engineering, and Medicine), con-
sensus reports produced by other government agencies (e.g., for
the government to be consistent when making recommendations
to the public), experimental studies published in peer-reviewed
literature, and research conducted by federal agencies for use by
those agencies [e.g., NHANES data (58) figured prominently in
making decisions about updating the Nutrition Facts on food la-
bels]. Several federal agencies, such as the FDA, employ con-
sumer research groups to foster understanding of the ways in
which information might be misleading to consumers (59). How-
ever, information sources used by agencies may not be published
research in some cases; for instance, those with proprietary inter-
est submit resources as part of a packet that are not in the publicly
available peer-reviewed research literature.

Agencies such as the FDAmake public, through guidance doc-
uments, the process for review and evaluation of scientific data.
Generally, this process requires submission of all of the available
evidence and the agency conducts an independent review of the
data to determine whether the evidence is useful for making a
scientific conclusion relevant to the issue under review. The FDA
typically does not rely on the conclusions in the reports submit-
ted but makes its own conclusions after careful review of the re-
ported methods and results to evaluate the quality and relevance
of the information. The FDA conducts evaluations of safety data
to approve food additives for addition to the food supply and has
a statutory requirement to review the identity of the additive, its
proposed use, technical effect, and method of analysis, as well as
to provide full reports on all safety investigations. The FDA pro-
vides guidance for petitioning companies (60) on its process to
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review the evidence on the food additive to determine safety, an
acceptable level of use of that product, or to deny the petition.

The use of claims or representations of health or nutritive ben-
efits in food labeling is another example of the federal need for
scientific research. By statutory requirement, it is the manufac-
turer’s responsibility that all such claims be truthful and not mis-
leading. However, certain types of claims require submission of
data for review to the FDA before they can be used in food la-
beling. Under the Dietary Supplement Health and Education Act
(61), structure-function claims, which are for maintaining the
structure or function of the body in healthy individuals, can be
used on dietary supplements, but the agency must be notified
within 30 d of their use in marketing. If this type of claim is
used in food labeling, it must be based on the nutritive value of
the food, and the manufacturer must be able to substantiate the
claim.

Health claims and qualified health claims (QHCs) are about
a substance and disease risk reduction. Health claims are autho-
rized through rule-making by the agency after scientific review to
determine if significant scientific agreement supports the claim.
QHCs are qualified based on the level of credible evidence that
is available (i.e., those that do not meet the significant scientific
agreement standard) and used under a letter of enforcement dis-
cretion from the FDA. In either case, a petition must be submitted
to the agency for review to determine whether a claim is appro-
priate. The FDA provides guidance, which is publicly available
(62), as to what kinds of evidence can substantiate claims and
outlines their evidence-based review system to evaluate health
claims. This guidance document is useful for understanding how
the FDA reviews scientific evidence for all types of claims. This
process entails obtaining all studies of the substance, including
any proprietary studies from the manufacturer, as part of a com-
plete petition packet; determining which studies are suitable from
which to draw scientific conclusions; evaluating the quality of the
evidence; and determiningwhether the evidence supports the pro-
posed claim. Once its review is completed, the FDA can authorize
the claim through rule-making, use enforcement discretion for a
QHC, or deny the petition for the claim.

The types of evidence the FDA regards as suitable for review
include intervention and observation studies conducted in hu-
mans that evaluate the substance-disease relation on which the
claim is based. Review articles, book chapters, abstracts, animal
studies, and in vitro studies may provide useful background or
mechanistic information but are not used to substantiate proposed
claims. The FDA will not consider studies with the following fa-
tal flaws: studies that lack a control group, relevant statistics (e.g.,
compares baseline with endpoint instead of treatment with con-
trol), or control for key confounders; that use a nonvalidated dis-
ease biomarker as the endpoint; that do not isolate an independent
effect (e.g., if the study is of a fruit and the claim is on a com-
pound within that fruit); that provide observational data without
any intake validation; that are conducted in a malnourished pop-
ulation that is not relevant to the US population, for which the
claim would be used; and that are conducted in a diseased popu-
lation (62).

DOES FUNDING SOURCE AFFECT RESEARCH
QUALITY?

As described above, science generated with funds from for-
profit companies represent some of the most-attacked findings

within nutrition research. The trustworthiness of research funded
by industry is debated at research conferences, in peer-reviewed
publications, public news, and social media. Investigators have
aimed to address this question by reviewing the funding sources
of published literature and categorizing them by quality of meth-
ods and direction of findings (35, 63–65). Some of these data are
described below.

Lesser et al. (65) evaluated 256 reports of research on soft
drinks, juice, and milk that were published between 1999 and
2003. Of those, 111 declared funding and were coded as 1 of
3 categories: 1) received all funds from industry, 2) received
mixed funds (i.e., some from industry and some not), or 3) re-
ceived no funds from industry. Report conclusions also were
coded as falling in 1 of 3 categories: 1) beneficial to industry
interests, 2) neutral relation to industry, or 3) against the indus-
try position, assuming the industry’s interests are in support of
its product. When all industry-funded conclusions were com-
pared with those from nonindustry support, industry-funded con-
clusions were more likely to be positive. Although published
industry-funded research may be trustworthy, these findings raise
questions as to whether nonpositive findings remain unpublished.
Just as it is conceivable that this would distort the scientific record
in favor of commercial interests, so too is it conceivable that the
converse may be true for nonindustry-funded studies.

In another study, Wilde et al. (63) evaluated 79 obesity-related
studies published between 2002 and 2005 that were either funded
by the federal government’s semipublic programs (66) for Fluid
Milk and Dairy or the NIH. Results were classified into 1 of 4 cat-
egories: 1) favorable toward industry, 2) unfavorable, 3) neutral,
or 4) undetermined. In summary, the authors found that although
conclusions of NIH research were the only ones to state unfa-
vorable findings, they also were more likely to favor industry.
Again, these data do not provide insight on the quality of pub-
lished industry reports but suggest that unfavorable findings may
be withheld from publication. However, as reported previously in
a different context (67), when compared with industry, academic
and noncommercial funders are just as likely to withhold unfavor-
able findings. Furthermore, although withholding findings may
present ethical issues (67), withholding findings in itself does not
necessarily signal an intent to deceive. Results may go unpub-
lished due to limited resources (e.g., time to follow-through) or
reasonable competing interests (e.g., prioritization of publishing
work that is of high quality or aids in the acquisition of the next
grant or the belief of authors, editors, or reviewers that null find-
ings would not be worthwhile to publish).

Myers et al. (64) aimed to determine whether funding source
affects the overall quality rating for various types of research re-
ports (e.g., interventional, observational, and review). The over-
all quality rating of positive, neutral, or negative is based on 10
major questions about the rigor of the research and reporting
methodology and is intended to reflect the level of confidence
the results merit. The authors used the ratings recorded in the
Academy ofNutrition andDietetics EvidenceAnalysis Library of
2539 systematic reviews of interest to dietitians. Funding source
was classified as governmental, industry, university hospital, un-
reported, nonprofit, or multiple. Industry was further catego-
rized by food and supplement companies, pharmaceutical com-
panies, commodity groups, other, or multiple. Investigators found
that most studies were funded by multiple sources, followed by
government, university, hospital, nonprofit, and unreported. The
criteria that statistically predicted overall quality ratings were
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degree of objectivity in subject selection methods, comparabil-
ity of study groups, blinding, detail in intervention description,
clarity of the research question, and appropriateness of statistical
analyses (64).

Review articles were more likely to receive a neutral or nega-
tive quality rating than interventional and observational studies.
With regard to funding source, studies that did not report fund-
ing were nearly 5 times as likely to receive negative ratings and
nearly 2 times as likely to receive neutral ratings. Studies that
reported either university or hospital funding were more likely
to receive neutral ratings. Significant differences in quality were
not detected among government-, multiple, or industry-funded
studies. In other words, this study found no evidence of appar-
ent bias (specifically, for research design, conduct analyses, or
reporting attributable to industry as a funding source) for the food
and nutrition research examined. Instead, studies whose funding
sources were characterized as university, hospital, or undisclosed
or with lack of funding were more likely to receive lower-quality
ratings. However, this study was conducted in 2009, when the re-
porting guidelines implemented in the early 2000s were coming
into vogue. Thus, it is unknown whether these findings remain
valid for reported current research.

It is important to point out, however, that other studies
have shown inconsistent findings. For instance, Chartres et al.
(68) found no significant difference in the number of conclu-
sions reported as favorable to industry between industry- and
nonindustry-sponsored nutrition studies (even though they unex-
pectedly conclude in the abstract that, “these findings suggest but
do not establish that industry sponsorship of nutrition studies is
associated with conclusions that favor the sponsors”). Further-
more, Krimsky (69) described how causality has not been estab-
lished when scientists attribute such associations to conflicting
interests and concluded that scientists should remain skeptical by
not settling on a default hypothesis that, “bias is always or typi-
cally the cause.” Overall, it is not clear whether a relation between
funding source and research quality or direction of findings is
shown, or if it is, whether it means that industry-funded research
is any less reliable than nonindustry-funded research. If associa-
tions between industry funding and outcomes suggesting bias are
observed, it is more appropriate to draw attention to likely sources
of bias and to identify practices designed to avoid ormanage them
rather than engaging in ad hominem arguments.

NIH GUIDANCE: RIGOR AND REPRODUCIBILITY IN
GRANT APPLICATIONS

One way that threats to rigor and credibility in science have
been managed is through changes that the NIH has made to their
instructions for grant applications. These changes address a con-
fluence of recent concerns raised by the biomedical community
and were motivated by several findings directly relevant to is-
sues of rigor and reproducibility. For instance, institute direc-
tors found that few preclinical studies were performed on fe-
male rodents and, in another context, that many cell lines used
by researchers were identified incorrectly (70). A number of
workshops followed to address such issues and led to the devel-
opment of changes that now require more rigor and help ensure
reproducibility in 4 key areas: 1) scientific premise, 2) rigorous
experimental design, 3) consideration of key relevant biological
variables such as sex, and 4) authentication of key biological and
chemical resources.

Scientific premise

With regard to improving the rigor of background material
when reviewing the scientific premise of proposed research, (e.g.,
strengths and weaknesses of previous research that is crucial
to applications), applicants are instructed to consider whether
the authors of articles included in the proposal’s review of pre-
vious work reported transparently, studies were rigorous, and
methods were valid. Enhancing rigor in scientific premise is not
meant to impede innovation or interfere with exploratory research
(i.e., research that frequently requires less discussion of previ-
ous research) but instead to identify risks related to success-
fully addressing proposed questions and objectively evaluate re-
search strategies designed to bolster the proposed work’s success.
Reviewers are instructed to look for strict applications of the sci-
entific method to ensure robust and unbiased experimental de-
signs, methodologies, analyses, and reporting of results and their
interpretation.

Rigorous experimental design

With respect to experimental design, applicants are now asked
to describe how they will achieve robust and unbiased results. As-
pects of design that are encouraged include the use of standards,
sample size estimations, randomization, blinding approaches,
control for interoperator variability, prespecified statistical analy-
sis plans, documentation of statistical expertise, and the handling
of missing data. These principles apply to clinical and preclinical
and basic research.

Consideration of relevant biological variables

In consideration of relevant biological variables, such as sex,
the Office on Research for Women’s Health developed 4 “Cs,”
which are as follows: to “consider” taking sex into account when
designing a study, “collect” and tabulate sex-based data, “charac-
terize” and analyze sex-based data, and “communicate” and pub-
lish or report sex-based data in studies. Strong justifications based
on scientific literature are expected in applications that propose
studying only one sex.

Authentication of key biological and chemical resources

The last of these changes is to ensure authentication of key
biological or chemical resources. Examples of resources that re-
quire authentication are cell lines, specialty chemicals, antibod-
ies, and other biologics. Authentication guidelines are needed for
numerous crucial resources. Their development is underway and
likely to continue on an ongoing basis, because researchers are
expected to transparently report how all key resources are au-
thenticated. For example, university research affairs personnel are
formalizing processes for verifying putative cell line identities by
sequencing approaches. For nutrition science research, additional
authentication to consider might be that of validating diets for-
mulated in animal studies to verify whether essential and harm-
ful components are unexpectedly missing or present, respectively
(71).

A number of pilot studies were conducted to examine the
ramifications and feasibility of making these changes to grant
applications. For instance, the NIH tested whether page limits
would need to be altered to accommodate likely changes. These
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inquiries concluded that descriptions of key biological resource
authentication would be provided most appropriately in sepa-
rate attachments and that other likely changes would not affect
the 12-page research plan limit. Instructions related to proposals’
scientific premises will be addressed in the significance section,
whereas scientific rigor and consideration of relevant biological
variables will fall under separate sections that describe proposed
approaches. Moreover, changes that relate to training programs,
requested biographical sketches, other application sections, and
evaluation guidelines were developed for program officers and
are available to the research community on the NIH website (72).

FROM RECOGNITION TOMITIGATION: A PATH
FORWARD

To address additional ways to improve scientific rigor and
credibility in nutrition science, this section offers a taxonomy
of the way research goes astray, discussion of the importance
of focusing on the essence of science, and ways to move from
recognition of some of the challenges the field faces to mitigation
of straying from sound science. There are ≥3 ways that science
sometimes goes astray: 1) fraud (i.e., fabrication, falsification, or
plagiarism), 2) distortion (i.e., misleading reporting), and 3) gross
error (i.e., mistakes). None of these sources of undesirable prac-
tices are new. Each has been noted throughout the history of sci-
ence. We hope and believe that fraud is quite rare, and although
it is practiced (73), it can be difficult to detect empirically (74,
75). Distortion and gross errors may arise intentionally or unin-
tentionally. Overall, the latter may have an equivalent or greater
distorting effect on the literature (76–78) and are found in nutri-
tion science (79).

For instance, one study (80) estimated the potential effects that
a policy limiting the calorie content of kids’ meals would have on
childhood obesity. The authors reported that for the average child
eating fast food 2 times/wk, 2 pounds of weight gain/y could be
avoided if kids’ meals were restricted to 550 calories (80). The
authors further noted that 3% of children “could theoretically ex-
pect to avert weight gain of 27 pounds per year” if calories in
children’s meals were limited to 550 kcal (81). One of us collab-
orated in using a validated model that controls for growth (82) to
estimate effects on children aged 6–12 y who eat fast food several
times per day. The validated model predicted that 6.5 pounds of
weight gain could be avoided, whereas the alternative model (83,
84) inaccurately predicted the avoidance of a 27-pound weight
gain (81). The original study’s authors (85) acknowledged the
correction and admirably retracted the original article (86). This
is an example of an unintended misuse of mathematics and of a
subsequent false inference, but nonetheless, the original publica-
tion had potential to detrimentally affect the scientific record.

Throughout various attempts to correct either misleading liter-
ature or reports containing errors, several barriers to seeing such
corrections to fruition have been reported and arguably stunt sci-
ence’s self-correcting process (87). As we described in Nature
(88), some journals charged a fee of ∼$2000 to publish a letter to
the editor correcting errors published by them. One publisher re-
quired an up-front agreement to pay an additional fee to retract a
follow-up correction letter should an error be found in the submit-
ted letter. Such policies provide disincentives to report and admit
errors, correct them, and build an improved culture of truth.

Although not all agree (89), a growing consensus suggests
(90–93) that the way forward to improved credibility in the nu-
trition research landscape is to focus on the principles of science.
Science does not look into the souls of people to determine who is
a truth teller. Conflict disclosures are critical steps in warranting
trust (and should remain a standard of transparent reporting), but
such disclosures alone do not justify trust. Even when people are
honest, biases may be subconscious (94) [as members of the pub-
lic are aware (95)] and mistakes can be made. What can be done
is rigorous research and transparent reporting in accordance with
the scientific method. We assert that, in science, 3 things matter
epistemologically: 1) the data; 2) the methods used to collect or
produce those data, which give the data their evidential meaning;
and 3) the logic by which the data are connected to conclusions.
All else are distractions. If the goal is to improve the science—
our efficiency in coming to knowledge—and trust in the scien-
tific process, the needs are to adhere to the principles that support
sound science and not focus solely on disclosures. It is here that
we can engage in concrete ways to move from the recognition of
the challenges we face to the mitigation of straying from sound
science.

Many approaches have been suggested for assessing the sound-
ness of science (4, 96–103). Approaches commonly fall under 3
concrete ways to meet that end: 1) data sharing, 2) development
and use of checklists, and 3) methodologic training.

Data sharing

An example of a recent mistake made by one of us (104) con-
cerns an analysis of publicly available NHANES data that could
not be reproduced by another group. The work was checked, and
2mistakes were uncovered: 1 in the analyses of the publicly avail-
able data and a second in the algorithm the analysis used. The al-
gorithm was developed by the authors who attempted to replicate
the flawed analysis. Both groups worked together to correct the
2 errors. These corrections were only possible because the raw
data were available to others who noticed inconsistencies. This
verification process is a critical step to the scientific method and
is drastically limited when data are withheld (105–107).

Checklists

An article was recently retracted because the authors inadver-
tently published an analysis of the wrong data set (108). Any sci-
entist can imagine making a mistake such as this if good practices
are not in place. This is why surgeons and pilots use checklists—
too much is at stake to not adequately prepare for easily avoid-
able errors.We need to develop and use checklists in our research.
Various checklists have been developed [e.g., (109–111)], which
help satisfy some needs of researchers; however, work remains
to be done to help researchers ensure the use of valid methods of
research and analysis.

Methodologic training

Both formal and informal (112) training are a cornerstone to
science and integral to improving the scientific process. Statisti-
cal training in particular or, at the very least, training in the im-
portance of collaborating with experienced biostatisticians is key.
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Numerous avoidable errors are common within nutrition science
(79). For example, a recent meta-analysis (113) that claimed to
have found a significant effect of the fiber supplement glucoman-
nan on weight loss contained inaccuracies that exaggerated the
estimate. Upon collaboration with experienced biostatisticians,
these issues were resolved, and a correction was published (114).

Furthermore, there is merit to the “Social Value of Public In-
formation” perspective (115, 116), which, put simply, is that not
all information is equally important. In other words, some stud-
ies warrant gold-standard levels of implemented rigor and oth-
ers do not (117). Rather than waste valuable resources, variations
in degree of rigor should be commensurate to the needs of each
research question to optimize research payoff (97, 118). With re-
spect to reporting, however, there should not be variation in rigor,
because gaps can impede the value of research and lead to fur-
ther waste of resources (119). The reader needs to know what
was done in order to judge and verify the reliability of the re-
ported science. Ensuring compliance to reporting guidelines [e.g.,
(109)] as well as depositing supplementary information online
may serve to improve transparency while respecting understand-
able space limitations in printed academic journals. Improved
reporting transparency also would benefit reproducibility (120).
There have been reproducibility efforts in psychology (121) and
cancer research (122), and one could ask whether we should sam-
ple subsets of studies within nutrition science for experimental
reproduction.

Furthermore, as discussed by Sagner et al. (123), personal fac-
tors [i.e., independent from the science conducted (e.g., previ-
ous funding)] are often mistaken as grounds for ad hominem
attacks, bullying, and harassment within science. This is particu-
larly relevant to the field of nutrition. Although we are not aware
of formal analyses of such matters, different fields seem to get
disproportionate attention to concerns raised about conflicting in-
terests. Anecdotally, we have observed far less concern and vitriol
in engineering and computer science than in fields such as public
health, nutrition, and pharmaceutics. To the extent that our infor-
mal impression is accurate, a difference in concern may imply
that fields in health and nutrition are ahead of the curve, because
acts of questioning drive the self-correcting process of science.
However, the very essence of science (i.e., pursuit of knowledge
via scientific method) is abandoned in the case of ad hominem ar-
guments, which often occur in the public eye and in the name of
competing interests, such as political or financial gain. Such at-
tacks on the essence of science and on individual scientists (124,
125) are rooted in logical fallacies (126), may confuse the mes-
sage given to the public as to how to evaluate science rigorously
and consider evidence for decision making, may foster mistrust
of science without clear grounds, may give competing interests
a persuasive power that is unjustified by logic or empirical evi-
dence, are dehumanizing, and should not be tolerated.

Finally, it is important to improve the value of a culture of
truthfulness. By a culture of truthfulness, we mean a culture in
which people feel passionately about the importance and neces-
sity of seeking and communicating truth. This implies not only
an intent to speak truthfully but it presupposes a culture of care-
fulness, because one can speak many untruths unintentionally if
one is not careful. In other words, sloppiness may reduce truth-
fulness. A culture of transparency warrants trust. If transparency
is lacking in reporting by peer-reviewed journals and scientific
presentations published as abstracts (127), how can other

scientists use reported results effectively, the media report results
accurately, or the public trust science? A recent headline of press
releases (128–130) affiliated with the CDC read, “New Study
Shows That Combating Childhood Obesity in Schools Works,”
with comments within stating, “as the Alliance celebrates its 10-
year anniversary, a new peer-reviewed study confirms we are de-
livering on our mission of reducing the prevalence of childhood
obesity.” However, the study abstract (131) states that, “analysis
showed no difference between Healthy Schools Program (HSP)
schools and control schools in overweight or obesity prevalence.
Program exposure varied widely among participating schools,
and each additional contact with onsite training and technical as-
sistance or HSP national advisors was associated with a 0.3% de-
cline in overweight and obesity prevalence.” The abstract’s con-
clusion reads as follows: “HSP appears to be an important means
of supporting schools in reducing obesity. Although participation
in HSP alone was not sufficient to improve weight status in Cali-
fornia schools, there was a clear dose-response relationship to the
program. HSP serves as an effective model for addressing child-
hood obesity among engaged schools.” The incongruity between
the results and conclusion of an otherwise useful study and report
does not serve science. Greater focus on adherence to the princi-
ples of science and renewed commitment to establishing systems
that encourage the value of truth and safeguarding honesty (132)
will benefit all members of society, scientists, and industry per-
sonnel whowant to know and publish truthful answers to research
questions.
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