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Abstract

Purpose

This retrospective cross-sectional study aimed to identify opportunities forimprovement in
food and nutrition research by examining risk of bias (ROB) domains.

Methods

Ratings were extracted from critical appraisal records for 5675 studies used in systematic
reviews conducted by three organizations. Variables were as follows: ROB domains defined
by the Cochrane Collaboration (Selection, Performance, Detection, Attrition, and Report-
ing), publication year, research type (intervention or observation) and specific design,
funder, and overall quality rating (positive, neutral, or negative). Appraisal instrument ques-
tions were mapped to ROB domains. The kappa statistic was used to determine consistency
when multiple ROB ratings were available. Binary logistic regression and multinomial logistic
regression were used to predict overall quality and ROB domains.

Findings

Studies represented a wide variety of research topics (clinical nutrition, food safety, dietary
patterns, and dietary supplements) among 15 different research designs with a balance of
intervention (49%) and observation (51%) types, published between 1930 and 2015 (64%
between 2000—-2009). Duplicate ratings (10%) were consistent (k = 0.86—-0.94). Selection
and Performance domain criteria were least likely to be met (57.9% to 60.1%). Selection,
Detection, and Performance ROB ratings predicted neutral or negative quality compared to
positive quality (p<0.001). Funder, year, and research design were significant predictors of
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ROB. Some sources of funding predicted increased ROB (p<0.001) for Selection (interven-
tional: industry only and none/not reported; observational: other only and none/not reported)
and Reporting (observational: university only and other only). Reduced ROB was predicted
by combined and other-only funding for intervention research (p<0.005). Performance

ROB domain ratings started significantly improving in 2000; others improved after 1990
(p<0.001). Research designs with higher ROB were nonrandomized intervention and time
series designs compared to RCT and prospective cohort designs respectively (p<0.001).

Conclusions

Opportunities for improvement in food and nutrition research are in the Selection, Perfor-
mance, and Detection ROB domains.

Introduction

How much trust or confidence can be placed in food and nutrition research results? This is an
important question for the public, those conducting systematic reviews, as well as those using
research to inform policy and practice. Much of this dialogue about trusting research findings
has focused on the potential for industry funding to bias research results to be more favorable
to their interests [1]. A recent series of articles in JAMA on conflict of interest highlighted this
concern with the following statement: “The challenges involving the role of the food industry
in research are profound and not easily dismissed” [2-4]. More recent dialogue suggests that
the use of the source of funding as a proxy for risk of bias (ROB) is insufficient and there is a
call for a broader definition of conflict of interest, which underscores research integrity as the
foundation for valid study findings [5].

A 2015 Institute of Medicine report, Trust and Confidence at the Interfaces of the Life Sci-
ences and Society: Does the Public Trust Science?, acknowledged that there are many factors that
affect the public trust, including the need for members of the scientific community itself to
shift their values away from “outcomes of research” and focus more on the process of research
[6]. Focusing on the process of research includes the concept of responsible conduct of
research and reduction of the ROB in research. ROB is defined as the possibility of systematic
error or deviations from the truth in inferences of findings [7, 8]. In a recent report titled Fos-
tering Integrity in Research, the National Academies of Sciences, Engineering, and Medicine
concluded that the following core values help ensure that the research enterprise advances
knowledge: objectivity, honesty, openness, fairness, accountability, and stewardship [9]. The
report concluded that “Integrity in science means planning, proposing, performing, reporting,
and reviewing research in accordance with these values” [9].

Individuals who conduct systematic reviews are acutely aware of the need to assess the ROB
to inform the amount of confidence that can be placed in research findings [10]. Systematic
reviews have become common in many fields, including the food and nutrition community,
and are considered the optimal way to synthesize the body of research to address a specific
issue [4]. Key elements of a systematic review are the critical appraisal of each research study
and assessment of the ROB to inform the amount of confidence that can be placed in the body
of research findings included in the systematic review [11, 12].

Methods of critically appraising research included in systematic reviews continue to evolve.
The Agency for Healthcare Research and Quality (AHRQ) summarized the factors that should
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be included in 2002 [12]. Tools continue to be developed to assist in the appropriate synthesis
of a body of research into a characterization of the “strength” of the evidence [11, 13, 14]. The
Cochrane Collaboration’s methodology for systematic reviews foreshadowed the most recent
dialogue by shifting their evaluation of risk of bias to focus on the following five ROB domains:
Selection, Performance, Detection, Attrition, and Reporting [8, 11]. Dialogue about whether
the source of funding should be explicitly included in the ROB domains is ongoing; however,
to date, the focus has remained on the actual merits of the research design, conduct, and
reporting, rather than the source of funding itself [15-18]. In addition, there may be a return
to the inclusion of an overall rating that summarizes the individual ROB domain ratings [19].
With the exception of one recent research study, the concept of evaluating ROB as a way to
identify improvements needed in a body of research has not yet been reported [20].

Leading government and professional organizations such as the US Department of Agricul-
ture (USDA), the AHRQ, and the Academy of Nutrition and Dietetics conduct and use sys-
tematic reviews based on the best nutrition research available to inform public policy, dietetics
practice decisions, and research agenda development [14, 21, 22]. Those organizations, as well
as the entire food and nutrition research community, rely on the availability of research that
meets high standards of scientific integrity and has low risk of bias.

There has not yet been a comprehensive assessment within the body of food- and nutrition-
related research to determine the degree to which ROB domain criteria are being met. Such
knowledge would expand the dialogue about ROB and help identify opportunities for
strengthening future food and nutrition research.

This retrospective cross-sectional study was designed to investigate ROB identified in stud-
ies utilized in systematic reviews for food- and nutrition-related topics conducted by three
major organizations that produce systematic reviews (USDA, AHRQ, and the Academy of
Nutrition and Dietetics). Specifically, the following three questions were addressed:

1. Are critical appraisal ratings similar for the same article if more than one critical appraisal
rating has been completed in the different systems?

2. Which of the ROB domain ratings best predicted the overall quality rating assigned to the
research article?

3. What opportunities for improvement in food and nutrition-related research can be identi-
fied by the degree that funder, research type and design, and publication year predict the
ROB domain ratings?

Materials and methods
Sample

The sample for this study consists of critical appraisal records of food- and nutrition-related
research articles included in systematic reviews available on the websites of the following three
organizations in August 2016:

o Academy of Nutrition and Dietetics Evidence Analysis Library (EAL) (all systematic reviews
conducted from 2004 to 2016; same tool used for all appraisals) [13]

o AHRQ Evidence-Based Practice Center Reports (nutrition-related projects conducted from
2004 to 2016; appraisal tools specific to each project) [21]

« USDA Nutrition Evidence Library (NEL) (all systematic reviews conducted from 2010 to
2015; two tools used for appraisals) [23]
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These organizations (or data sources) have different missions that are reflected by the pur-
poses of the systematic reviews, variation in the topics, and characteristics of the research
reviewed as shown in Fig 1. Thus, the resulting database includes a wide range of applied,
human food and nutrition research. The majority of topics addressed by the EAL were clini-
cal or treatment oriented; the topics included in the AHRQ reports focused predominantly
on nutrients or dietary supplements and relationship with disease markers, while topics
addressed by the NEL focused primarily on food-based intake and chronic disease preven-
tion. Search criteria and critical appraisal tools used by each organization reflect their pur-
pose, topics, and types of research reviewed and have evolved over time [13, 14, 24]. (See S2
and S3 Figs) The appraisal tools can be found in the EAL and NEL database and within each
AHRQ evidence report [13, 14, 21]. In the EAL and NEL, common critical appraisal methods
were used for all projects. However, for AHRQ systematic reviews, critical appraisal methods
and tools were selected or developed by the research team for each report or topic. All
appraisals had been previously completed by trained personnel following established proce-
dures and supervised by project managers within each of the three organizations. Each orga-
nization provided access to critical appraisal records of published research reports used for
secondary analysis in this research. There were no human or animal subjects and IRB
approval was not sought.

The cut-off date for including reviews in the sample was established as the beginning of the
data extraction process in August 2016 when appraisal files were transmitted to the research-
ers. Critical appraisal records were screened for completeness of data and duplication across
or within data sources (see S1 Fig).

Variables

Fig 2 describes the study variables: data source (EAL, NEL, or AHRQ), ROB domains, overall
quality rating (negative, neutral, or positive), type of research (intervention or observational)
and specific research design, publication year, and funder.

The five ROB domains defined by the Cochrane Collaboration (Selection, Performance,
Detection, Attrition, and Reporting) were selected because of their wide use and acceptance
[10, 11]. The global overall quality rating was available only in the EAL and some AHRQ
reports; and a subset of early AHRQ projects only used an overall quality rating and did not
provide specific ROB criteria ratings. Funder categories were identical to those used in an ear-
lier study [1]. Funder was not included in the critical appraisal records of most AHRQ records;
if missing, these funder data were manually retrieved from published research articles by
research staff and coded.

Mapping of appraisal questions to ROB domains

Using original quality appraisal tools employed in each project, the research team mapped
quality criteria questions used in the appraisal tools to the five ROB domains. To develop the
methodology for this, each member of the research team independently submitted an initial
alignment of individual questions to ROB domains, differing alignments were discussed, and
final mapping of questions was reached by consensus. Through this process, appraisal criteria
questions for both interventional and observational studies were mapped to the five ROB
domains. Fig 3 describes each domain and shows the types of critical appraisal items mapped
to it for this study. While the Cochrane ROB domains were primarily developed for random-
ized controlled trials (RCTs), criteria proposed for observational studies closely match those
domains [8, 25].
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Academy of Nutrition
and Dietetics

Evidence Analysis Library Topics

Agency for Healthcare Research
and Quality
Evidence-Based Practice
Centers Topics

US Department of Agriculture
Nutrition Evidence Library Topics

The EAL provides synthesis of the best, most
relevant nutritional research on important
dietetic practice questions

https://www.andeal.org/about

AHRQ produces evidence to make health care
safer, higher quality, more accessible, equitable,
and affordable

https://www.ahrq.gov/cpi/about/mission/index.
html

The NEL specializes in conducting systematic
reviews to inform federal nutrition policy and
programs

https://www.cnpp.usda.gov/
nutritionevidencelibrary/

Energy, Nutrients, and
Bioactive Substances

Energy expenditure (Resting Metabolic Rate in
critically ill, healthy, and non-critically ill), fatty
acids (conjugated linoleic acid, linoleic acid,
EPA/DHA), fiber (role of fiber in cardiovascular
disease, diabetes, Gl, obesity), fluoride
(exposure, effects on brain and renal system),
nutrient supplementation (vitamin E, B12,

and D), and sodium (harms at extremes of
sodium intake in general population and CHF
population)

Foods, Meals/Snacks, and
Dietary Patterns

Fruit juice (adiposity in children), nutritive and
non-nutritive sweeteners (aspartame, HFCS,
Neotame, polyols, saccharin, Stevia, sucralose),
umami (MSG and its adverse effects, umami
effect on appetite, energy intake etc), and
vegetarian nutrition (effects on chronic diseases)

Energy Balance and Weight
Management

Adult weight management, obesity, pediatric
weight management, single serving portion
sized meals, and unintended weight loss in older
adults

Clinical Nutrition

Bariatric surgery, celiac disease, chronic kidney
disease, chronic obstructive pulmonary disease,
critical iliness, diabetes (type 1 and 2, and
prevention), disorders of lipid metabolism, heart
failure, high blood pressure, hydration, HIV/
AIDS, oncology, spinal cord injury, and wound
care

Environment, Social, and Cultural
Factors

Health disparities
Special Populations

Athletic performance (energy balance and
body composition, training, and recovery),
breastfeeding, food and nutrition for older
adults, gestational diabetes, reproduction and
pregnancy, and, nutrition guidance in healthy
children

Nutrition Services

Nutrition counseling, nutrition screening, and
telenutrition

Food Safety

Advanced technology in food production,
microwave and home food safety

Energy, Nutrients, and
Bioactive Substances

Omega-3 fatty acid (role in cardiovascular
disease and intermediate markers of
cardiovascular disease, asthma, dementia and
cognitive funding in aging, neurological disease,
eye health, diabetes, metabolic syndrome,
infammatory bowel disease, rheumatoid
arthritis, renal disease, lupus erythematosus,
osteoporosis, child and maternal health), B
vitamins and berries, dietary supplements (role
in cardiovascular disease), probiotics, soy,
vitamin D, and Calcium

Energy Balance and Weight
Management

Childhood obesity prevention programs,
strategies to prevent weight gain among adults,
and effectiveness of primary care weight
management programs

Clinical Nutrition

Interventions for feeding and nutrition in cerebral
palsy

Energy, Nutrients, and
Bioactive Substances

Energy density, macronutrient proportion,
carbohydrates (glycemic index and load),
cholesterol, fatty acids (polyunsaturated fat,
monounsaturated fat, saturated fat, omega-3
fatty acids, stearic acid, trans fatty acids), folic
acid fortification, potassium, sodium, and alcohol

Foods, Meals/Snacks, and
Dietary Patterns

Foods: Added sugar and non-caloric
sweeteners, animal protein, beans and peas,
chocolate, fruits and vegetables, liquids versus
solids, milk and milk products, nuts, plant
protein, soy protein, whole grains,

Meals: Breakfast

Dietary Patterns: those derived from index/
score analysis, factor/cluster analysis, reduced
rank regression, specific patterns (i.e., DASH or
vegetarian), or other methods

Energy Balance and Weight
Management

Breastfeeding and maternal weight change,
dietary intake and childhood adiposity, obesity
prevention approaches in early care and
education programs, and older adults and body
weight and health

Diet and Physical Activity Behaviors

Eating frequency, eating out, family shared
meals, food and menu labels use, portion size,
screen time and sedentary behavior, self-
monitoring, and snacking

Environment, Social, and Cultural
Factors

Acculturation, household food insecurity, and
neighborhood/community food access

Nutrition Education Enhancements

Digital media and technology delivery, food
environment modifications, multi- vs. single-
component interventions, parental involvement,
and type of educator

Food Safety

Cross-contamination prevention, hand
sanitation, refrigerator sanitation, risky foods,
seafood consumption, subpopulation food
safety practices, new technologies, temperature
control, and washing produce

Fig 1. Nutrition topics included in systematic reviews conducted by three organizations.

https://doi.org/10.1371/journal.pone.0197425.9001
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Variable Definition

Risk of Bias Domain .
Ratings .
Overall Quality Rating 0
Data Source .
Research Type and o
Research Design .
Publication Year .
Funder

Selection bias

Performance bias

Detection bias

Attrition bias

Reporting bias

Other bias (not used in analysis)
Positive

Neutral

Negative

Evidence Analysis Library

Nutrition Evidence Library
AHRQ Technical Reports

Intervention type
Intervention designs:
« Randomized controlled trial (RCT)
*  Cluster RCT
¢ Randomized crossover trial
«  Nonrandomized crossover trial
« Nonrandomized controlled trial
» Noncontrolled trial
Observation/descriptive type
Observation designs:
« prospective cohort
< retrospective cohort
+ case control
e trend
+ time series
» before and after
+ cross-sectional
« case study/series
« otherdescriptive

Year recorded as date of publication
» <1990

+ 1990-1999

+ 2000-2009

+ 2010-2015

Any research that acknowledges financial support. Each
research report will be placed into one of the following
categories:

Government only

Industry only

University/hospital only

Nonprofit only

Other only

Combined funders

Published report specified no funding support or not reported

Fig 2. Study variables. *Publication years were selected based on decades prior to reporting guidelines (<1900 and
1900-1999), decade of implementing publication guidelines (2000-2009), and after implementation of publication

guidelines (2010-2015). AHRQ, Agency for Healthcare Research and Quality; RCT, randomized controlled trial.

https://doi.org/10.1371/journal.pone.0197425.9002
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Risk of Bias Types of Critical Appraisal Iltems
Domains

Se|ection Eligibility cri- Assigned to Randomized Concealed
Recruitment and teria ideqtified equal groups into groups allocation
allocation to groups and applied

Identified right Identified and/or | |Adjusted for
population stratifyied into baseline group
groups differences

Fig 3. Mapping critical appraisal items to risk of bias domains.

https://doi.org/10.1371/journal.pone.0197425.9g003
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ROB ratings

ROB domain ratings were calculated for each data source in the following manner. Analysts
had previously assigned quality criteria questions the following ratings: yes (criterion met), no
(criterion not met), unclear, undetermined, or not applicable.

For coding purposes, ratings of “no”, “unclear”, and “not determined” were collapsed into
“no” (indicating that the validity criterion was not obviously met). Thus, “yes” responses were
coded 1 and “no/uncertain” responses were coded 0. “Not applicable” responses were treated
as missing (i.e., did not count toward a study’s ROB rating).

Because multiple criteria (questions) could be mapped to a ROB domain, rating responses
within each domain were averaged (values 0 to .5 were coded as 0, and values greater than .5
were coded as 1). This resulted in domain scores between 0 and 1 (where 0 indicates that the
criterion for the domain was not met and 1 indicates that it was).

In the AHRQ data set, a single article could have multiple ratings, due to the practice of rat-
ing the article for the specific systematic review topic. Critical appraisal methods and tools
were selected or developed by the research team for each report or topic. Discrepant ROB rat-
ings for the same article were, in fact, rare (ranging from .6% of articles for Performance to 3%
of articles for Detection). To prevent the multiple entries in the AHRQ data set from greater
weight relative to the other data sets, multiple ratings were resolved using the following princi-
ples: (1) the most common rating was accepted (e.g., for three instances with the same rating
and one different, the value of the three was accepted), and (2) in the 1.1% of cases (n = 18) in
which there was a tie, the higher or lower rating was selected alternatively (to avoid a consis-
tent bias up or down). This same procedure was used to reconcile the discrepant ratings when
articles were included in more than one data source.

Statistical analysis

Descriptive statistics were computed for all variables. Bivariate associations between funder,
study design, and publication year were calculated using chi-square tests and standardized
residuals were examined to identify cells where observed frequencies departed from
expected.

Comparison of critical appraisal ratings for the same research article (question 1). To
evaluate the consistency of ROB rating across organizations/sources, the kappa statistic, with
p<0.05 was used to assess the level of agreement (consistency) in a subset of data in which
ROB domain ratings for the same research article were available from more than one critical
appraisal record.

Prediction of the overall quality ratings by ROB domain ratings (question 2). Multino-
mial logistic regression, including research type and design, was used to examine the associa-
tion between not specific ROB domain ratings and overall quality ratings (neutral versus
positive and negative versus positive) in the subset of data with overall study quality ratings.
These models were adjusted for publication year category.

Prediction of ROB domain ratings by publication year, funding source, and research
design/type (question 3). Using the combined dataset, binary logistic regression was used
to evaluate the association between funder and ROB domain ratings within research type
(intervention and observational) after adjusting for publication year and specific research
design. An exploratory analysis that included data source as an additional co-variate was
used to examine the impact of data source on the prediction of ROB domain. Because of
multiple analyses, a Bonferroni correction was applied and the a priori alpha was set at
p<0.005.
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Academy of Nutrition and Dietetics
Evidence Analysis Library

US Department of Agriculture H' Agency for Healthcare Research

Nutrition Evidence Library

and Quality Evidence-Based
Practice Center Reports

Fig 4. Distribution of sample of critical appraisal records. *Critical appraisal records for research articles included in systematic reviews in each
system. A single article may have critical appraisal records in more than one AHRQ report or records within more than one system.

https://doi.org/10.1371/journal.pone.0197425.9004

Results

Description of sample

Critical appraisal records for a total of 5675 unique studies were available for analysis. Fig 4
presents the number of studies with critical appraisal records that are unique to each data
source and are included in more than one data source. Very few studies (n = 9) had critical
appraisal ratings in all three data sources. The largest overlap in studies was between the EAL
and the NEL, with 574 articles with critical appraisal ratings in both systems. Descriptive statis-
tics on funding source, study design, year, overall quality ratings, and ROB domain ratings are
presented in Table 1.

Funder. Combined funders (n = 1455, 25.6%) and government-only funders (n = 1355,
23.9%) were the most frequently indicated funding sources in the sample (Table 1). Nonprofit-
only funders (n = 337, 5.9%) and other-only funders (n = 264, 4.7%) were the least frequently
indicated funding sources. Nearly 15% of the included studies (n = 845) had no funder indi-
cated or explicitly reported no funding for the study.

Research type. The sample was almost equally split in terms of observational (n = 2904,
51.2%) and interventional (n = 2771, 48.8%) types of research. The distribution of study
designs is shown in Table 1.

The most predominant type of study designs overall were RCTs (33%), prospective cohort
(17.9%), and cross-sectional (16.5%).

Association between funding source and research design. There was a significant associ-
ation between funding source and study design for both interventional and observational
study design types (p<0.001 for both) (Fig 5; data in S1 Table). The proportion RCT's was
similar for across all funders (62.0%-70.0%) with the exception of university-only funders
(n =257, 54.1%). University-only funders were less likely to fund RCT designs (z = 3.0,

p =0.001) or cluster RCTs (z = —2.0, p = 0.02) and were more likely than expected to fund
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Table 1. Characteristics of food and nutrition research used in systematic reviews.

Characteristic n %
Funder
Government only 13557 23.9
Industry only 461 8.1
University only 958 16.9
Nonprofit only 337 5.9
Other only 264 4.7
Combined funders 1455 25.6
Not reported or no funding 845 14.9
Total 5675 100.0
Study design
Interventional designs®
Randomized controlled trial (RCT) 1888 65.0°
Cluster RCT 45 1.5
Randomized crossover trial 21 0.7
Nonrandomized crossover trial 540 18.6
Nonrandomized controlled trial 382 13.2
Noncontrolled trial 28 1.0
Total 2904 100.0
Observational designs®
Prospective cohort 1016 36.7
Retrospective cohort study 177 6.4
Case control study 290 10.5
Trend study 34 1.2
Time series 87 3.1
Before-after study 121 4.4
Cross-sectional study 939 33.9
Case study or case series 42 1.5
Other descriptive 65 23
Total 2771 100.0
Overall quality rating”
Positive 2274 47.8
Neutral 2183 45.9
Negative 303 6.4
Total 4760 100
ROB domain criteria met*
Selection 5504 57.9
Performance 5406 60.1
Detection 5462 75.2
Attrition 4744 79.7
Reporting 5007 84.7
Year
<1990 223 39
1990-1999 1073 18.9
2000-2009 3645 64.2
2010-2015 734 12.9

Sample drawn from EAL, NEL and AHRQ Reports. AHRQ, Agency for Healthcare Research and Quality Evidence-

Based Practice Center Reports; EAL, Academy of Nutrition and Dietetics Evidence Analysis Library; NEL, US
Department of Agriculture Nutrition Evidence Library; RCT, randomized controlled trial; ROB, risk of bias.

*Percentages of study designs are within design type.

PPercentages are of the total sample with quality ratings.

“Percentages are of the total sample with specific ROB domain ratings. Some ROB domains are not included in

specific research designs or in AHRQ reports so n varies by domain.

https://doi.org/10.1371/journal.pone.0197425.t001
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Fig 5. Research design types by source of funding. CT, controlled trial; RCT, randomized controlled trial.
https://doi.org/10.1371/journal.pone.0197425.9005
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nonrandomized designs (nonrandomized controlled trial: z = 5.2, p<0.001; nonrandomized
crossover trials: z = 2.2, p = 0.01).

For observational designs, prospective cohort designs were more likely to be funded by gov-
ernment-only funders (48.5%, z = 5.6, p<0.001) and combined funders (43.7%, z = 3.1,
p<0.001) and were less likely to be funded by university-only (z = 7.3, p<0.001) or other-
only (z = -3.0, p = 0.001) funders or to have no funder indicated or explicitly report no fund-
ing (z = -2.6, p = 0.005).

Publication year. Critical appraisal reports evaluated studies from 1930 to 2015. The larg-
est proportion (64.2%, n = 3645) of studies included across data sources were published in the
decade 2000-2009 (Table 1).

Quality ratings. A subset of data (n = 4760) included an overall quality rating (positive,
neutral, or negative) in the critical appraisal reports. Positive ratings were reported for 47.8%,
neutral ratings for 45.9%, and negative ratings for 6.4% (Table 1).

ROB domain rating criteria met. Table 1 provides the frequency and percentage of stud-
ies meeting ROB criteria across the five domains. Domains with the lowest proportion of stud-
ies meeting ROB criteria and the highest risk of bias were Selection (57.9%, n = 3186) and
Performance (60.1%, n = 3251). Proportions of studies meeting ROB criteria for each specific
research design are included in the S2 Table.

Findings from ROB analyses

Consistency of individual research report ROB ratings between data sources (question
1). About 10% of articles (n = 641) had appraisal records in more than one system. This pro-
vided some potential for assessing consistency of ratings across systems. Very high agreement
was found between EAL Quality Criteria Checklist and NEL Research Design and Implemen-
tation ratings for all ROB domains (k = 0.86-0.94 for the different domains), in which 574
overlapping records were available for analysis. However, for the other systems, the number of
overlapping records between other systems was very small and was not statistically significant.

Relationship between ROB domain ratings and overall quality rating (question 2). In
order to predict overall quality rating from the five ROB domains, each case had to have both a
quality rating and all ROB domain ratings. There were 3873 cases available for this analysis.
Domain effects when predicting overall quality rating were adjusted by category of year pub-
lished and funder. Adjusted domain effects on overall quality are reported separately for the
sample stratified by research type (Table 2). All ROB domains were significantly associated
with an increase in the likelihood of receiving a negative versus a positive rating in either inter-
ventional or observational research if they were unmet. The three domains that were consis-
tently significant in both types of research and for both neutral and negative overall quality
ratings were Selection, Performance and Detection. Significant odds ratios for these three
domains ranged from a high for the Selection domain in interventional research of OR = 84.68
(p<0.001) to OR = 1.96 for the Performance domain in observational research. The highest
significant odds ratios were for the Selection domain for those receiving a negative or neutral
overall quality rating in interventional research (OR = 150.11 and 84.60 respectively, p<0.001)
and for those receiving a neutral rating in observational research (OR = 63.89 p<0.001).

Final predictive model for meeting ROB domain ratings (question 3). The two
domains least likely to meet the ROB criteria (thus, have a highest risk of bias) were Selection
and Performance (see Table 1). However, more information is needed in order to understand
what factors may contribute to studies having greater risk of bias. Initial bivariate analyses
indicated that funder, publication year, and specific study design were all significantly associ-
ated with whether ROB criteria were met in most domains (p<0.05 for funder except for
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Table 2. Summary of significant relationships between overall quality and ROB domain ratings by research type®.

Interventional Observational
OR 95% Confidence Interval for OR Sig. OR 95% Confidence Interval for OR Sig.
Lower Bound Upper Bound Lower Bound Upper Bound

Negative* Selection 150.11 59.79 376.91 <0.001 39.70 20.93 75.32 <0.001
Performance 9.04 4.03 20.25 <0.001 10.50 5.24 21.05 <0.001
Detection 40.49 19.53 83.95 <0.001 36.00 19.38 66.86 <0.001
Attrition 4.81 2.43 9.52 <0.001 1.90 1.00 3.64 0.052
Reporting 1.60 0.80 3.23 0.186 10.35 5.41 19.81 <0.001
Neutral Selection 84.68 60.02 119.47 <0.001 63.89 43.75 93.28 <0.001
Performance 2.12 1.54 2.92 <0.001 1.96 1.43 2.70 <0.001
Detection 10.64 7.01 16.14 <0.001 19.40 13.10 28.72 <0.001
Attrition 1.15 0.78 1.71 0.483 1.18 0.75 1.86 0.479

Reporting 0.71 0.46 1.08 0.11 1.54 0.95 2.49 0.08

*Models adjusted for funding source and year published.

CI, confidence interval; OR, odds ratio; ROB, risk of bias.

*All models were adjusted for year, funder, and study design type. Three overall quality ratings were possible: positive, neutral, and negative. The comparator used for
this analysis was the likelihood of receiving either a neutral or negative rating compared to a positive rating if the ROB domain rating was not met, e.g. higher risk of bias

for domain led to lower overall quality rating.

https://doi.org/10.1371/journal.pone.0197425.t1002

Attrition; p<0.05 for year for all domains; p<0.05 for study design for all domains). In addi-
tion, funder and study design, as well as funder and year published and study design and year
published, were all significantly associated for both interventional and observational types of
research (p<0.001 for all comparisons). Logistic regression models were created for each ROB
domain that included funder, year, and study design. An exploratory analysis with source
added to the model, provided little additional information and was not used in the final predic-
tive model.

These final models with funder, year, and study design are reported separately for interven-
tional designs (Table 3) and observational designs (Table 4) and are summarized together in
Fig 6.

Intervention studies and ROB. Across domains, category of publication year predicted
lower risk of bias in more recent published interventional research (Table 3). With the excep-
tion of the Performance domain in 1990 to 1999 year category, all domains were significantly
more likely to have lower risk of bias in more recent years when compared to research pub-
lished prior to 1990. The greatest improvements were shown for the Reporting domain in the
research published between 2010 to 2015 (OR = 16.53). Thus, even though there is a clear secu-
lar trend for studies published since 2000 to be at lower ROB, the degree of improvements
compared to the <1990 period are not even across domains.

There was no clear pattern regarding the ability funding source to predict risk of bias in
interventional research. Compared to government-only funding, differences among funders
were identified in only three domains: Selection, Detection and Attrition for Interventional
research. Within the Selection domain, industry-only funding was associated with a 44%
increase in the likelihood of having a higher risk of bias, while funding not reported or no
funding was associated with a 38% increase in the likelihood of a higher risk of bias (p<0.001
for both) compared to government-only funding. In the Detection domain, studies that had
combined funding (multiple sources) were 46% more likely to achieve a lower risk of bias (bet-
ter than government-only funding). Other-only source of funding was significant; however,
since this included diverse funders, it is of limited usefulness in drawing conclusions about
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Table 3. Final models for predicting ROB Being met in studies with interventional designs by funder and research type and design: separate models for ROB

domains.

Variables

Government only (ref)

Industry only

University only

Nonprofit only

Other only

Combined funders

Not reported or no funding

<1990 (ref)
1990-1999

2000-2009
2010-2015

RCT (ref)
Cluster RCT

Randomized crossover trial

Nonrandomized crossover trial

Nonrandomized controlled
trial

Noncontrolled trial

Selection (n =2777)

OR (95% CI)

0.56 (0.43,
0.73)

0.84 (0.65,
1.07)

0.71 (0.51,
0.99)

0.94 (0.62,
1.42)

0.92 (0.73,
1.15)

0.62 (0.48,
0.80)

1.56 (1.23,
1.97)
2.27 (1.88,
2.74)

2.56 (1.96,
3.34)

0.94 (0.51,
1.75)

1.81 (0.57,
5.74)

0.52 (0.42,
0.63)

0.34 (0.27,
0.43)

0.51 (0.24,
1.10)

a

p

<0.001

<0.001

0.161

0.042

0.774

0.444

<0.001

<0.001
<0.001

<0.001

<0.001

<0.001
0.849

0.311

<0.001

<0.001

0.084

Performance (n = 2684)

OR (95% CI)

1.35 (1.02,
1.79)

0.73 (0.57,
0.94)

1.13 (0.81,
1.59)

1.23 (0.81,
1.87)
1.35 (1.08,
1.70)

0.90 (0.70,
1.18)

1.28 (1.01,
1.63)

1.68 (1.39,
2.02)
1.77 (1.36,
2.31)

0.90 (0.49,
1.66)

0.90 (0.32,
2.51)
1.20 (0.97,
1.48)
0.58 (0.46,
0.73)

0.93 (0.42,
2.06)

a

p

<0.001

0.037

0.013

0.467

0.333

0.010

0.454

<0.001
0.042

<0.001

<0.001

<0.001
0.733

0.843

0.088

<0.001

0.859

Detection (n = 2725)

OR (95% CI)

0.96 (0.70,
1.31)

1.14 (0.86,
1.51)

1.03 (0.70,
1.52)

0.91 (0.57,
1.45)
1.46 (1.12,
1.91)

0.80 (0.60,
1.06)

3.01 (2.31,
3.92)

3.96 (3.21,
4.88)

5.22(3.77,
7.24)

0.98 (0.46,
2.07)
1.24 (0.34,
4.51)

0.82 (0.65,
1.04)

0.49 (0.38,
0.63)

0.76 (0.30,
1.92)

CI, confidence interval; OR, odds ratio; RCT, randomized controlled trial; ROB, risk of bias.

?p<0.005 was considered statistically significant.

https://doi.org/10.1371/journal.pone.0197425.t003

a

p

0.004

0.805

0.351

0.874

0.700

0.005

0.120

<0.001
<0.001

<0.001

<0.001

<0.001
0.950

0.743

0.109

<0.001

0.564

Attrition (n = 2500)

OR (95% CI)

1.06 (0.76,
1.47)
1.26 (0.93,
1.69)

1.00 (0.67,
1.48)

2.44(1.32,
4.52)

1.41 (1.07,
1.84)

1.04 (0.77,
1.41)

2.17 (1.66,
2.85)

3.54 (2.86,
4.39)
3.29 (2.36,
4.58)

1.91 (0.74,
4.92)
0.81(0.25,
2.64)
148 (1.12,
1.95)
0.73 (0.56,
0.95)

0.65 (0.25,
1.66)

a

p

0.023

0.724

0.134

0.991

0.004

0.013

0.779

<0.001
<0.001

<0.001

<0.001

0.002
0.182

0.723

0.006

0.021

0.365

Reporting (n = 2543)

OR (95% CI)

0.96 (0.66, 1.41)

1.34 (0.96, 1.87)

1.13 (0.69, 1.86)

0.69 (0.41, 1.16)

1.21 (0.90, 1.64)

0.82 (0.58, 1.15)

4.40 (3.25, 5.96)

5.97 (4.69, 7.60)

16.53 (9.84,
27.75)

5.97 (0.80, 44.40)

0.42 (0.14, 1.31)

0.80 (0.61, 1.06)

0.86 (0.63, 1.19)

0.28 (0.11, 0.67)

a

p

0.066

0.848

0.082

0.620

0.158

0.201

0.248

<0.001
<0.001

<0.001

<0.001

0.009
0.081

0.137

0.116

0.363

0.004

potential areas of improvement. All other domains and sources of funding did not predict dif-

ferences in risk of bias when compared to government funding.

The only clear pattern for specific study design across domains in interventional research
was that, compared to RCTs, nonrandomized controlled trials were more likely to be rated
with a high risk of bias (ORs varied from 0.34. to 0.86), though these lower ORs were statisti-
cally significant only for the Selection, Performance and Detection domains. Findings for spe-
cific research designs (e.g., cluster RCT, randomized crossover trials, and noncontrolled trials)
should be interpreted with caution due to the small sample sizes which inevitably led to a loss
of power for these comparisons. Though the estimates were statistically significant only for
increased risk of bias within the Reporting domain (OR = 0.28) for the noncontrolled trials,
there was a nonsignificant trend across other domains.

Observational studies and ROB. Similar to the results from interventional studies, with
one exception, the Attrition domain, category of publication year predicted lower risk of bias
in more recent published observational research (Table 4). Again with the exception of the
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Table 4. Final models for predicting ROB being met in studies with observational designs by funder and research type and design: separate models for ROB

domains.

Variable

Government only (ref)

Industry only
University only
Nonprofit only
Other only

Combined funders

Not reported or no funding

<1990 (ref)
1990-1999
2000-2009
2010-2015

Prospective cohort (ref)

Case control

Retrospective cohort

Trend study

Cross-sectional study
Case study or case series

Before-after study

Time series

Other descriptive

Selection (n = 2727)

OR (95% CI)

1.03 (0.62, 1.71)
0.88 (0.69, 1.13)
1.01 (0.68, 1.50)
0.49 (0.34,0.71)
0.97 (0.78, 1.21)
0.59 (0.46, 0.76)

2.08 (1.61, 2.70)
2.80 (2.33, 3.36)
4.83 (3.67, 6.35)

0.34 (0.26, 0.45)
0.60 (0.42, 0.84)
0.20 (0.10, 0.42)
0.60 (0.50, 0.74)
1.09 (0.55, 2.16)
0.31 (0.21, 0.47)
0.34 (0.22, 0.55)
0.19 (0.11, 0.33)

a

Performance (n = 2722)

a

Detection (n = 2727)

a

Attrition (n = 2244)

a

Reporting (n = 2464)

a

p OR (95% CI) p OR (95% CI) p OR(95%CI) | p OR (95% CI) p

<0.001 0.805 0.047 0.610 <0.001
0.914 | 1.13 (0.69, 1.85) | 0.630 | 0.78 (0.46,1.33) | 0.367 | 0.76 (0.41,1.42) | 0.391 | 0.90 (0.43, 1.89) 0.789
0.315 | 1.07 (0.84,1.36) | 0.588 | 0.79 (0.61,1.03) | 0.079 | 0.79 (0.57,1.10) | 0.165 | 0.57 (0.41, 0.80) 0.001
0.964 | 0.85 (0.59, 1.24) | 0.403 | 0.99 (0.64, 1.53) | 0.971 | 0.79 (0.47,1.33) | 0.375 | 1.09 (0.56, 2.11) 0.805
<0.001 | 1.05(0.72, 1.51) | 0.816 | 0.65 (0.44,0.96) | 0.029 | 0.69 (0.43,1.13) | 0.140 | 0.36(0.22,0.58) | <0.001
0.808 | 0.91 (0.74, 1.11) | 0.352 | 1.03 (0.81,1.30) | 0.821 | 0.96 (0.72,1.28) | 0.792 | 0.92 (0.66, 1.27) 0.599
<0.001 | 1.03 (0.80, 1.32) | 0.843 | 0.72 (0.55,0.94) | 0.016 | 0.82 (0.58,1.16) | 0.268 | 0.61 (0.42, 0.87) 0.006
<0.001 <0.001 <0.001 <0.001 <0.001
<0.001 | 1.04 (0.81,1.33) | 0.769 | 3.23 (2.45, 4.26) | <0.001 | 3.07 (2.23,4.22) | <0.001 | 4.30(3.09,5.98) | <0.001
<0.001 | 1.48 (1.24, 1.75) | <0.001 | 3.74 (3.07, 4.55) | <0.001 | 5.10 (4.05, 6.44) | <0.001 | 9.84(7.52,12.87) | <0.001
<0.001 | 1.76 (1.39,2.23) | <0.001 | 5.10 (3.81, 6.81) | <0.001 | 4.74 (3.32, 6.77) | <0.001 | 42.33 (19.02, 94.22) | <0.001
<0.001 <0.001 <0.001 <0.001 <0.001
<0.001 | 1.87 (1.39,2.51) | <0.001 | 0.74 (0.54,1.00) | 0.048 | 2.68 (1.66, 4.32) | <0.001 | 0.66 (0.45, 0.97) 0.033
<0.003 | 0.82 (0.59, 1.14) | 0.233 | 0.94 (0.64,1.37) | 0.737 | 1.33 (0.80,2.21) | 0.279 | 0.94 (0.8, 1.53) 0.804
<0.001 | 1.93 (0.89,4.20) | 0.095 | 0.71 (0.33,1.53) | 0.385 | 0.69 (0.29, 1.66) | 0.409 | 2.06 (0.48, 8.79) 0.329
<0.001 | 1.02 (0.84,1.23) | 0.837 | 0.82 (0.66,1.02) | 0.070 | 1.11 (0.86,1.43) | 0.431 | 1.21(0.90, 1.62) 0.200
0.807 | 1.41 (0.72,2.75) | 0.315 | 0.86 (0.43,1.74) | 0.684 | 1.27 (0.51,3.18) | 0.610 | 0.40 (0.20, 0.83) 0.013
<0.001 | 0.69 (0.47,1.01) |  0.056 | 0.70 (0.46, 1.07) |  0.096 | 0.68 (0.42,1.09) | 0.108 | 0.42 (0.26,0.68) | <0.001
<0.001 | 0.60 (0.38,0.94) | 0.025 | 0.51 (0.32,0.81) | 0.005 | 0.45 (0.27,0.75) | 0.002 | 0.56 (0.33, 0.95) 0.032
<0.001 | 1.01 (0.61, 1.69) | 0.967 | 0.27 (0.16, 0.46) | <0.001 | 1.24 (0.56,2.73) | 0.600 | 0.56 (0.30, 1.06) 0.077

CI, confidence interval; OR, odds ratio; ROB, risk of bias.
?p<0.005 was considered statistically significant.

https://doi.org/10.1371/journal.pone.0197425.t1004

Performance domain in 1990 to 1999 year category, all domains were significantly more likely
to have lower risk of bias in more recent years when compared to research published prior to
1990. The greatest improvements was again shown for the Reporting domain in the research
published between 2010 to 2015 (OR = 42.33). The degree of improvements over the <1990
period is not even across domains.

As with interventional designs, there was no clear pattern of the effect of funder. Indeed,
funder made a significant contribution to the models only for Selection and Reporting in
observational research (p<0.001 for both). For Selection, other-only and funding not reported
or no funding were both less likely to meet ROB criteria (i.e., more likely to be at higher risk of
bias) than government-only funded studies (OR = 0.49 and 0.59, respectively). In the Report-
ing domain, other-only and university-only funding was more likely to be at higher risk of bias
than government-only funded studies (OR = 0.36 and 0.57, respectively).

For study design in observational research, there was no clear pattern across domains when
various observational designs were compared to prospective cohort designs. While the effect
of study design was significant across domains (p<0.001 for all), the effects relative to prospec-
tive cohort designs was inconsistent. For instance, in the Selection domain, all observational
designs except for case study or case series were significantly more likely to be at higher risk of
bias than the prospective cohort studies. In contrast, differences were limited in other
domains. For instance, case control designs were significantly more likely to have lower bias
compared to prospective cohort designs in both Performance and Attrition domains
(OR = 1.87 and 2.68, respectively); however, time series designs were significantly more likely
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Fig 6. Significant relationships between risk of bias* and funder, research design, and year by research type. *Arrows indicate statistically
significant differences from the reference category (p < .0005, Bonferroni correction applied). Downward arrows indicate a lower risk of bias and an
upward arrow represents a higher risk of bias.

https://doi.org/10.1371/journal.pone.0197425.9006

to have higher bias compared to prospective cohort deigns in both Detection and Attrition
domains (OR = 0.51 and 0.45, respectively).

Based on our analysis we have robust estimates of predictors of risk of bias. The results are
summarized in Fig 6.

Discussion

This study examined the degree to which ROB domains are met to identify where shortfalls
exist in the current body of food- and nutrition-related research drawn from three large orga-
nizations conducting systematic reviews. This work’s unique contribution is the breadth of
topics addressed and its use of the ROB domains as a way to characterize where food and
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nutrition research may be most improved. Strengths include the large sample size, diversity of
topics (e.g., physical activity, food safety, dietary supplement, telenutrition, nutrition counsel-
ing), diversity of funding sources, different purpose of the systematic reviews (e.g., public
health and policy approach of the NEL, clinical practice recommendations and nutrition ther-
apy approach of the EAL, and association between nutrients and health and disease markers
approach of the AHRQ), inclusion of both intervention and observation research, breadth of
research designs, and consistent use of the same instruments for a large proportion of the
research sample. Using appraisal records from the three data sources provides a broad repre-
sentation of food- and nutrition-related studies, covering a range of current topics applicable
to nutrition policy and practice. Sample distributions of funders from industry, university
nonprofit and other were similar to other estimates of funding for life sciences [26]. However,
Lanahan reported higher levels of government funding in life sciences (61%) versus our sample
with 23%. Lanahan did not include a separate category for combined funding. In our research
the combined funder category (25.6%) also included studies with government funding plus
other funding. However, even if these two categories were added together, the body of research
being used in systematic reviews from these three data sources has less government funding
than life sciences in general. Limitations of this research include the need to map individual
questions used in critical appraisal instruments to ROB domains, use of ratings from more
than one critical appraisal instrument, imperfect tools for critical appraisals, use of subjective
ratings by different analysts, purposive sampling of the full body of food and nutrition
research, and inability to account for other potential confounders affecting the use of the criti-
cal appraisal instruments or data source (e.g., variation in training of analysts, dates of system-
atic review projects, diversity of topics, organizational resources available, and analysis by
topic, such as human versus non-human studies). Since the comparison of ratings of the same
study when evaluated more than once showed very high agreement, and the domains that pre-
dicted overall quality between the two data sources were quite consistent, the data source was
not helpful in our analysis and did not contribute to the identification of areas for improve-
ment in the food and nutrition body of original research. Factors specific to the data sources
could be a topic for future research focusing on systematic review methodology and may iden-
tify opportunities for improvement in systematic reviews. Future research might also focus on
the impact of changing emphasis on full reporting of funding support over time and analysis
at the individual critical appraisal item within each ROB domain.

The three ROB domains that provide the greatest opportunity for improvement are the
Selection, Performance, and Detection domains. These were the most often not met and were
consistently the significant predictors of lower overall quality ratings (higher risk of bias) in
both interventional and observational research.

Selection ROB domain

Intervention research and observational research studies met the Selection ROB domain crite-
ria 56% and 60%, respectively. As anticipated, nonrandomized crossover and nonrandomized
clinical trials were significantly less likely to meet the Selection ROB criteria/higher risk of bias
than the RCT reference standard. In our sample of food and nutrition research, 32% of the
intervention research reports were nonrandomized trials. Use of these nonrandomized
research designs should be limited to specific circumstances where randomization is not possi-
ble and group differences can be minimized, identified, and adjusted for. Within the observa-
tional research type, all of the research designs except case control were significantly less likely
to meet Selection domain criteria/higher risk of bias when compared to prospective cohort
research. Using enhanced methodologies for eligibility criteria, identifying groups

PLOS ONE | https://doi.org/10.1371/journal.pone.0197425 July 5, 2018 17/24


https://doi.org/10.1371/journal.pone.0197425

@° PLOS | ONE

Using risk of bias domains to identify opportunities for improving food/nutrition-related research

appropriately, and adjusting for group differences within the observational research designs
may be able to enhance the ability to meet Selection domain criteria.

Detection ROB domain

Detection domain criteria were met by 77% of the intervention research articles and 78% of
the observation research articles; only nonrandomized controlled trials were significantly less
likely to meet these criteria/higher risk of bias than RCT intervention research designs. In
observational designs, time series, cross-sectional, and other descriptive studies were less likely
to meet the Detection ROB domain criteria/higher risk of bias than prospective cohort.
Improvements in determining the sample size and power, accurate measurement of outcomes
and harms, sufficient length of follow-up, and statistical adjustments for confounders specific
to food- and nutrition-related research are opportunities for reducing the risk of detection bias
in all research designs.

Performance ROB domain

Performance ROB domain criteria were met by 62% of all intervention research studies and
59% of observational research studies. Only the nonrandomized controlled trial interventional
design was likely to have higher risk of bias for the Performance domain than the comparator,
RCTs. This domain did not start improving over time until 2000 and then the improvements
were smaller than other domains. Either the critical appraisal instruments are not sensitive to
food and nutrition research specific aspects of performance and able to capture improvements
or Performance has not truly improved as much over time. Opportunities for enhancements
in methods related to intervention delivery and measurement of interventions or exposures
that address challenges specific to food- and nutrition-related research regardless of research
design should be systematically identified.

Implications of research design

The ROB domain criteria findings relate to the hierarchy of evidence and reflect the inherent
limitations of specific research designs [13, 27]. One implication is that the quality of the body
of food- and nutrition-related research will improve when there are shifts from research
designs lower in the hierarchy of evidence to those higher in the hierarchy.

However, it is clearly acknowledged that different systematic review questions require dif-
ferent types of research designs to inform the answers. For example, questions related to diag-
nosis are not answered by RCT's because they are more appropriately answered by using cross-
sectional studies, prognosis questions are answered using prospective (inception) cohort
research, and questions about harms are answered using nested case control studies [28]. This
sample encompasses many different types of research designs because the questions asked
vary. For example, an AHRQ report might address a question about the efficacy of omega-3
fatty acids to improve respiratory outcomes among individuals with asthma. An NEL topic
might address the relationship between neighborhood and community access to food retail
settings and individuals’ dietary intake and quality or the relationship between dietary patterns
and risk of breast cancer. EAL topics may range from about questions about the long-term
effectiveness of following a gluten-free dietary pattern on gastrointestinal symptoms for people
with celiac disease to the food safety behaviors of adults related to microwave cooking.

The relationships between the specific research design and the comparator (RCTs for inter-
vention and prospective cohort for observational research) should also be noted. However
interpretation of results should be moderated by small sample sizes in some research designs
(e.g., noncontrolled trial, randomized crossover trial trend study, and case study/or case
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series). Intervention designs are more homogeneous in that they are all exploring a cause-and-
effect relationship; however, each of the observational designs is different in nature and takes
different approaches to describe phenomena or relationships. It is not surprising that more sig-
nificant relationships were found when other observational designs were compared to the pro-
spective cohort design.

Implications of reported improvements by year

In this study we found that publication year was positively associated with the likelihood of
meeting all ROB domains with the exception of the Performance domain. Significant improve-
ment in the Performance domain only started after 2000 when compared to the reference cate-
gory (<1990). Whether this is related to increasing emphasis on guidelines to enhance
reporting or whether the research methodology has actually improved is unknown. Various
design-specific guidelines have been published, beginning in 1999 with Consolidated Stan-
dards of Reporting Trials (CONSORT); however, research on the implementation and impact
of research publishing guidelines has shown mixed results [29-32].

Implications of relationship of source of funding

There is a strong desire to enhance the integrity of food- and nutrition-related research. Often,
the focus has been on source of funding as a significant way in which bias is introduced into
research. While previous research has called this assumption into question, it is still hotly
debated [1, 33-37]. The emphasis from peer-reviewed journals on full funding disclosure also
has changed over time. Although our sample included three different systematic review
sources, the predominant contributor was EAL. Therefore, it is not surprising that overall
results regarding funding are similar to the previous study on funding and research quality [1].
The “not reported/none” type was a significant predictor of higher risk of bias for Selection in
both interventional and observational and “other funder” type was a significant predictor of a
higher risk of bias for Selection and Reporting for observational research. However, it is
unclear whether authors reported support for their time through salary as “funding.” Univer-
sity-only funding was a significant predictor higher risk of bias for Reporting in observational
research, while industry-only funding was a significant predictor for higher risk of bias for
Selection in interventional research. A recent Cochrane review found that industry-funded
research reported one of the factors (satisfactory blinding; related to Performance and Detec-
tion ROB criteria) more often than nonindustry-funded research [18].

An updated analysis that also evaluated direction of findings concluded that while industry-
funded research is more likely to have favorable results, no systematic bias had been identified
using standard ROB criteria [18, 38]. Usually if the ROB criteria are met, then there would nor-
mally be a high level of confidence that results are likely to be unbiased and can be trusted and
replicated. However, if more favorable findings in industry-funded research are not a function
of methodological rigor (at least as indicated in the ROB domains of existing assessment
tools), then other explanations for the disproportionate amount of favorable conclusions need
further investigation. Chartres et al. completed a similar review specifically on food industry-
funded research, and they reported that the association between favorable conclusions and
industry funding did not reach the threshold for significance and evidence was insufficient to
indicate that the quality of the research itself was impacted [39]. Funding source may bias
research more generally, but not largely via methodological rigor.

These findings indicate that receiving industry funding is not consistently associated with
producing research results that are considered “biased” using the standard ROB criteria that
reflect the rigor of the research. The one exception was a relationship in intervention research
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for only one of the five ROB domains, Selection. This coupled with the finding that combined
funders were less likely to have risk of bias for detection, lend support for the recent dialogue
about the importance of identifying and adhering to principles that guide industry- or public-
private partnership—funded research to ensure that the research is conducted to the highest
rigor possible without undue influence on the findings or conclusions [40-45]. The dialogue
may need to shift from a discussion of how the research was conducted (e.g., Were the results
of this research study biased due to methodological limitations?) to what topics are funded for
the body of research (e.g., What questions are unanswered, specifically related to harms or lack
of effectiveness?) and whether negative study results are published.

Implications for the food and nutrition research enterprise

Since standard ROB tools are not detecting bias related to direction of findings in food and
nutrition research, this may suggest that future research should identify factors leading to this
phenomenon and perhaps publication guidelines that include those factors should be devel-
oped. It may be that the factors are not related to the individual research study and other sys-
tems such as research registries need to be developed to monitor these factors (e.g., funding
practices, publishing practices).

The Strengthening the Reporting of Observational studies in Epidemiology (STROBE)
Statement currently has a nutrition extension that includes 24 specific nutrition items on their
checklist called STROBE-nut [46]. This has been elaborated in an article explaining the appli-
cation of each of the items [47]. It is noteworthy that there are currently 11 different extensions
to the CONSORT Guideline, including Herbal Medicinal Interventions (2006) and Non-Phar-
macologic Treatment Interventions (2007) [48-51]. However, there currently is no extension
that provides guidance for food- and nutrition-related studies. For example, the importance of
characterizing the nutritional supplement or the background dietary or environmental intake
may not be adequately described in the published research and may therefore not be captured
in the application of the ROB evaluation [52, 53]. Having publication guidelines that require
the researcher to address this issue more fully will allow for a more complete evaluation of the
Performance and Detection ROB domain criteria.

A Cochrane review used a four tier-approach to identify ways to measure impact of educa-
tional interventions focused on improving research integrity [54]. This may provide a useful
framework for considering what potential future activities could lead to improvements within
food- and nutrition-related research. The four primary outcomes from research integrity edu-
cational interventions were as follows: acquisition of knowledge and/or skills, modification of
attitudes and/or perceptions, organizational change attributable to the education, and behav-
ioral change as either intention to change or actual change in research behavior [54-56].
Implications for the research enterprise can be addressed in academia, professional societies,
funding agencies, organizations conducting systematic reviews, and journals in a variety of
ways, either through implementing policy and procedures or providing information and edu-
cation about the use of ROB ratings in systematic reviews and ways to strengthen their original
research designs to address selection, performance, and detection in design, statistical analysis,
and reporting. This research sets the stage for beginning a dialogue among all stakeholders of
food- and nutrition-related research about to activities, policies, and procedures that could
address the shortcomings identified in this research.

Conclusions

Overall, the greatest opportunity for improvement in food- and nutrition-related research as
reflected by this sample is in the three domains of Selection, Performance, and Detection.
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Failure to meet these three ROB domain criteria greatly increased the likelihood of a neutral or
negative quality rating.

Over time, the percentage of published research that meets the ROB domain criteria (lower
risk of bias) has steadily increased with the exception of Performance, which only began
improvement in 2000. There were a few instances in which non-government-only funding
was a significant predictor of whether there was a higher risk of bias for Selection when com-
pared to government funding and there were also a few instances where non-government-
only funding predicted less risk of bias for Detection and Attrition. However, research design
and publication year were more consistent predictors of ROB domain ratings in food and
nutrition research.

There was surprisingly little overlap (10%) and very high consistency in the ROB domain
ratings for the research articles with more than one critical appraisal record. The largest over-
lap was between the EAL and NEL, where there was extremely high agreement in the ROB
domain ratings.

These results support focusing on the three ROB domains that can be strengthened, and
they allow the food and nutrition research community to focus on constructive ways to
improve the overall body of research rather than investigate source of funding as the primary
predictor of ROB. This research sets the stage for establishing initiatives to support or create
research environments that enhance rigor of research and demand research integrity.
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