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Abstract

Background

Concerns have been raised about the quality of reporting in nutritional epidemiology. Research

reporting guidelines such as the Strengthening the Reporting of Observational Studies in Epi-

demiology (STROBE) statement can improve quality of reporting in observational studies.

Herein, we propose recommendations for reporting nutritional epidemiology and dietary

assessment research by extending the STROBE statement into Strengthening the Reporting

of Observational Studies in Epidemiology—Nutritional Epidemiology (STROBE-nut).

Methods and Findings

Recommendations for the reporting of nutritional epidemiology and dietary assessment

research were developed following a systematic and consultative process, coordinated by

a multidisciplinary group of 21 experts. Consensus on reporting guidelines was reached

through a three-round Delphi consultation process with 53 external experts. In total, 24 rec-

ommendations for nutritional epidemiology were added to the STROBE checklist.

Conclusion

When used appropriately, reporting guidelines for nutritional epidemiology can contribute to

improve reporting of observational studies with a focus on diet and health.
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Introduction
Nutritional epidemiology examines the relationship between diet and health in human popula-
tions. The assessment of diet is, however, complex and suffers from considerable measurement
error (Box 1). As a consequence, concerns have been raised about epidemiological research
regarding diet and human health [1], and two systematic reviews identified reporting quality as
a problem [2,3]. Furthermore, all but four of the 17 literature reviews performed prior to the
fifth revision of the Nordic Nutrition Recommendations [4] report that problems with a lack of
methodological details (e.g., recruitment, dropout, compliance, statistical methods, and dietary
intake assessment) caused lower quality rating or exclusion of papers.

Readers of poorly reported studies may reach erroneous conclusions and inappropriately
implement the findings in clinical settings, population interventions, or other research [7]. The
need to ensure clear, transparent, and useful reports in health research led to important report-
ing initiatives such as the Strengthening Reporting of Observational Studies in Epidemiology
(STROBE) statement [8]. The STROBE statement is an evidence-based minimum set of recom-
mendations for reporting of observational studies. It consists of a set of 22 items to report
cohort studies, case-control studies, and cross-sectional studies. The use of the recommenda-
tions has influenced the style of reporting [9]. However, there is evidence of misuse [10]. The
STROBE recommendations should not be considered as prescriptions for designing or con-
ducting studies or as an instrument to evaluate the quality of observational research. These
reporting guidelines rather provide guidance on how to improve completeness and transpar-
ency of research reports.

Herein, we propose recommendations for reporting nutritional epidemiology and dietary
assessment research by extending the STROBE statement into the STROBE Extension for
Nutritional Epidemiology (STROBE-nut). A forthcoming paper will explain and elaborate the
STROBE-nut recommendations to enhance clarity and facilitate understanding of the
guidelines.

Methodology
The STROBE-nut checklist and recommendations were developed following recommended
procedures [11]. Three groups of researchers that independently and concurrently had devel-
oped initiatives with similar aims joined forces. A steering group of 21 members consisting of
individuals, including journal editors, with expertise in nutritional epidemiology, dietary
assessment, dietetics, and medical ethics coordinated the study.

A protocol was registered prospectively [12]. Experts, i.e., methodologists, journal edi-
tors, statisticians, epidemiologists, and content experts, were identified from relevant meth-
odological projects and reference documents and provided the recommendations of the
checklist (Box 2). Snowballing and announcements via the STROBE-nut website (www.
strobe-nut.org) were used to raise awareness and involve additional participants. A total of
150 experts were invited, of whom 53 provided input during at least one consultation round
(Fig 1).

This study was approved by the Ethics Committee of Ghent University, and experts pro-
vided informed consent for the study. Data collection started on February 12, 2014.

STROBE-nut Recommendations
A formal Delphi process was used to ensure broad consultation and increase the involvement
of editors and researchers with various expertises and experiences. Consensus was reached
through a three-round process (S1 Table). As proposed previously [20], items were retained
when>70% and>80% of agreement were obtained during the second and third consultation
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Box 1. Assessment of Dietary Intake as an Exposure in Nutritional
Epidemiology

The human diet is the result of interacting food constituents and cultural processes that
remain poorly documented. Since each food item contains a number of bioactive sub-
stances, covariation is common between dietary components. It may be extremely diffi-
cult to isolate the specific effect of a single food component. In addition, lifestyle and
socioeconomic factors also covary with diet. Because of this complex nature of our diet,
dietary and nutritional assessment is prone to particular types of random and systematic
errors (bias) that can occur in different ways, e.g., through selection and sampling bias,
recall bias, interviewer bias, coding bias, and day-to-day variability in our diet. Clear
reporting of nutritional epidemiological research is essential to ensure correct assessment
of observational studies, as illustrated with the controversy surrounding saturated fats
and risk of coronary heart disease [5].

To date, several methods are available for conducting dietary assessments, though
each of them has inherent strengths and limitations.Methods to assess dietary intake
include (i) food frequency questionnaires, principally used to assess long-term average
intakes; (ii) 24-hour recall as a memory-based short-term dietary assessment method;
(iii) a food diary, which prospectively collects dietary intake data; (iv) diet history; and
(v) checklist questions that assess one specific aspect of dietary intake. Tools to assess
dietary intake have mostly been paper based in the past. To date, new approaches avail-
able include applications such as web-based tools, mobile phone applications, camera
and photographic methods, and bar code scanners. Although these approaches are
promising, validation information is only limited, and issues regarding measurement
error may remain [6].

Investigating the validity of methods and procedures used in nutritional epidemiol-
ogy is crucial given the complexity of our diet and the multiple sources of bias that
impact the quality of dietary assessments. Sometimes a reliable standard is available
against which the validity of a survey method can be assessed. However, advances in
nutritional epidemiological research have been constrained by the lack of gold standards
against which dietary assessment tools can be validated. Only a few ideal reference mea-
sures are currently available, i.e., stable isotopes like doubly labeled water for energy
intake, the recovery biomarker 24-hour urinary nitrogen excretion for protein intake,
and 24-hour urinary potassium excretion for potassium intake. For practical reasons,
however, nonideal reference measures such as 24-hour dietary recalls or food records are
often used.

Biomarkers are often used as objective and/or complementary measures of dietary
intake. They include (i) recovery markers, which provide an estimate of absolute nutrient
intake over a fixed time period, e.g., urinary nitrogen or protein; (ii) predictive biomark-
ers, which have a lower overall recovery, e.g., urinary fructose, sucrose, and dietary sug-
ars; and (iii) concentration biomarkers, which do not reflect intake but are correlated
with intake, e.g., plasma vitamin C, carotenoids, and vitamin E. However, objective mea-
sures to assess dietary intake are not without limitations and may provide only a partial
evaluation of the complexity of the human diet.

In conclusion, as different dietary assessment methods suffer from specific measure-
ment error, a careful description of the method used and its limitations is essential to
allow correct interpretation of the findings.
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round, respectively. During three face-to-face meetings, members of the steering group dis-
cussed the input received and prepared new versions that were circulated until consensus was
reached. Disagreement was discussed and added to the meeting minutes.

The response rates were 32.0% (48/150), 59.3% (35/59), and 68.9% (42/61), respectively,
during the three Delphi rounds. After the second and third Delphi round, six and two items
respectively were removed, as insufficient consensus was reached. Two items (nut-22.1 and
nut-22.2) were added to STROBE in line with present recommendations [7,21]. There was an
average agreement of 97.1% (standard deviation 3.6%) to retain a final list of 24 STROBE-nut
recommendations (Table 1). When no specific STROBE-nut item is listed in Table 1, this indi-
cates that the original STROBE item alone was considered sufficient. Below follows a descrip-
tion of the specific STROBE-nut items:

nut-1. State the Dietary/Nutritional Assessment Method(s) Used in the
Title, Abstract, or Keywords
Referring to the assessment methods in the title, abstract, or keywords will facilitate correct
indexing and retrieval of studies. The title and abstract are the parts of papers most read, and
their content will influence the reader’s decision on further considerations of the paper. Inclu-
sion of nutritional epidemiological terms is particularly necessary when the method is impor-
tant to interpret the study findings.

Box 2. Recruitment Strategy of Experts for the Delphi Rounds

• Journal editors:
Editors in chief of the first 50% of journals in the subject category “Nutrition and die-
tetics” sorted by impact factor in the Web of Science in 2012 were identified. Editors
were grouped per publisher and contacted accordingly.

• Methodologists, nutritional epidemiologists, and the content experts:

• Corresponding authors of previous initiatives to improve the reporting of dietary
assessments or nutritional epidemiology were invited [13–17]. If they were unwilling
to participate, then the last author was contacted. We also contacted the editors and
authors of two reference books in nutritional epidemiology [18,19].

• Work package leaders and principal investigators of methodological projects in die-
tary assessment, i.e., European Food Consumption Validation (EFCOVAL), Euro-
pean Food Consumption Survey Method (EFCOSUM), Observing Protein and
Energy Nutrition (OPEN) study, EU MENU—Harmonising Data Collection on
Food Consumption across Europe, Pilot Study for the Assessment of Nutrient Intake
and Food Consumption among Kids in Europe (PANCAKE), and Africa’s Study on
Physical Activity and Dietary Assessment Methods (AS-PADAM), and networks in
nutrition epidemiology (i.e., the African Nutrition Epidemiology Conference
[ANEC] and the Swedish Network in Epidemiology and Nutrition [NEON]).
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Fig 1. Participants of the Delphi consultation.

doi:10.1371/journal.pmed.1002036.g001
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Table 1. STROBE-nut: An extension of the STROBE statement for nutritional epidemiology.

Item Item
Number

STROBE Recommendations Extension for Nutritional Epidemiology Studies
(STROBE-nut)

Title and Abstract 1 (a) Indicate the study’s design with a commonly used term
in the title or the abstract.

nut-1. State the dietary/nutritional assessment method(s)
used in the title, abstract, or keywords.

(b) Provide in the abstract an informative and balanced
summary of what was done and what was found.

Introduction

Background
Rationale

2 Explain the scientific background and rationale for the
investigation being reported.

Objectives 3 State specific objectives, including any prespecified
hypotheses.

Methods

Study Design 4 Present key elements of study design early in the paper.

Settings 5 Describe the setting, locations, and relevant dates,
including periods of recruitment, exposure, follow-up, and
data collection.

nut-5. Describe any characteristics of the study settings
that might affect the dietary intake or nutritional status of
the participants, if applicable.

Participants 6 (a) Cohort study—give the eligibility criteria and the
sources and methods of selection of participants.
Describe methods of follow-up.

nut-6. Report particular dietary, physiological, or
nutritional characteristics that were considered when
selecting the target population.

Case-control study—give the eligibility criteria and the
sources and methods of case ascertainment and control
selection. Give the rationale for the choice of cases and
controls.

Cross-sectional study—give the eligibility criteria and the
sources and methods of selection of participants.

(b) Cohort study—for matched studies, give matching
criteria and number of exposed and unexposed.

Case-control study—for matched studies, give matching
criteria and the number of controls per case.

Variables 7 Clearly define all outcomes, exposures, predictors,
potential confounders, and effect modifiers. Give
diagnostic criteria, if applicable.

nut-7.1. Clearly define foods, food groups, nutrients, or
other food components.

nut-7.2. When using dietary patterns or indices, describe
the methods to obtain them and their nutritional
properties.

Data Sources—
Measurements

8 For each variable of interest, give sources of data and
details of methods of assessment (measurement).
Describe comparability of assessment methods if there is
more than one group.

nut-8.1. Describe the dietary assessment method(s),
e.g., portion size estimation, number of days and items
recorded, how it was developed and administered, and
how quality was assured. Report if and how supplement
intake was assessed.

nut-8.2. Describe and justify food composition data used.
Explain the procedure to match food composition with
consumption data. Describe the use of conversion
factors, if applicable.

nut-8.3. Describe the nutrient requirements,
recommendations, or dietary guidelines and the
evaluation approach used to compare intake with the
dietary reference values, if applicable.

nut-8.4. When using nutritional biomarkers, additionally
use the STROBE Extension for Molecular Epidemiology
(STROBE-ME). Report the type of biomarkers used and
their usefulness as dietary exposure markers.

nut-8.5. Describe the assessment of nondietary data
(e.g., nutritional status and influencing factors) and timing
of the assessment of these variables in relation to dietary
assessment.

(Continued)
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Table 1. (Continued)

Item Item
Number

STROBE Recommendations Extension for Nutritional Epidemiology Studies
(STROBE-nut)

nut-8.6. Report on the validity of the dietary or nutritional
assessment methods and any internal or external
validation used in the study, if applicable.

Bias 9 Describe any efforts to address potential sources of bias. nut-9. Report how bias in dietary or nutritional
assessment was addressed, e.g., misreporting, changes
in habits as a result of being measured, or data
imputation from other sources.

Study Size 10 Explain how the study size was arrived at.

Quantitative
Variables

11 Explain how quantitative variables were handled in the
analyses. If applicable, describe which groupings were
chosen and why.

nut-11. Explain the categorization of dietary/nutritional
data (e.g., use of N-tiles and handling of nonconsumers)
and the choice of reference category, if applicable.

Statistical Methods 12 (a) Describe all statistical methods, including those used
to control for confounding. (b) Describe any methods used
to examine subgroups and interactions. (c) Explain how
missing data were addressed. (d) Cohort study—if
applicable, explain how loss to follow-up was addressed.
Case-control study—if applicable, explain how matching
of cases and controls was addressed. Cross-sectional
study—if applicable, describe analytical methods taking
account of sampling strategy. (e) Describe any sensitivity
analyses.

nut-12.1. Describe any statistical method used to
combine dietary or nutritional data, if applicable.

nut-12.2. Describe and justify the method for energy
adjustments, intake modeling, and use of weighting
factors, if applicable.

nut-12.3. Report any adjustments for measurement error,
i.e., from a validity or calibration study.

Results

Participants 13 (a) Report the numbers of individuals at each stage of the
study—e.g., numbers potentially eligible, examined for
eligibility, confirmed eligible, included in the study,
completing follow-up, and analyzed. (b) Give reasons for
nonparticipation at each stage. (c) Consider use of a flow
diagram.

nut-13. Report the number of individuals excluded based
on missing, incomplete, or implausible dietary/nutritional
data.

Descriptive Data 14 (a) Give characteristics of study participants (e.g.,
demographic, clinical, and social) and information on
exposures and potential confounders. (b) Indicate the
number of participants with missing data for each variable
of interest. (c) Cohort study—summarize follow-up time
(e.g., average and total amount).

nut-14. Give the distribution of participant characteristics
across the exposure variables if applicable. Specify if
food consumption of total population or consumers only
were used to obtain results.

Outcome Data 15 Cohort study—report numbers of outcome events or
summary measures over time. Case-control study—report
numbers in each exposure category or summary
measures of exposure. Cross-sectional study—report
numbers of outcome events or summary measures.

Main Results 16 (a) Give unadjusted estimates and, if applicable,
confounder-adjusted estimates and their precision (e.g.,
95% confidence interval). Make clear which confounders
were adjusted for and why they were included. (b) Report
category boundaries when continuous variables were
categorized. (c) If relevant, consider translating estimates
of relative risk into absolute risk for a meaningful time
period.

nut-16. Specify if nutrient intakes are reported with or
without inclusion of dietary supplement intake, if
applicable.

Other Analyses 17 Report other analyses done—e.g., analyses of subgroups
and interactions and sensitivity analyses.

nut-17. Report any sensitivity analysis (e.g., exclusion of
misreporters or outliers) and data imputation, if
applicable.

Discussion

(Continued)
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nut-5. Describe Any Characteristics of Study Settings That Might Affect
the Dietary Intake or Nutritional Status of the Participants, If Applicable
A clear description of the study settings is essential to understand the external conditions that
affect the estimation of dietary intake or nutritional status of the participants. Hence, factors
that may affect dietary intake, nutritional status, or dietary reporting should be carefully
described. These factors can, for instance, be location (e.g., areas or institutions) and time
frame of the study (e.g., season, festivities, or fasting periods).

nut-6. Report Particular Dietary, Physiological, or Nutritional
Characteristics That Were ConsideredWhen Selecting the Participants
Accurate reporting of the characteristics used to include or exclude participants is needed as
they may affect the interpretation and generalizability of the findings. Age, gender, dietary hab-
its, physical activity, smoking, body mass index, and physiological status (e.g., pregnancy or ill-
ness) are examples of such characteristics.

nut-7.1. Clearly Define Foods, Food Groups, Nutrients, or Other Food
Components
Foods, nutrients, and other components should be clearly defined and specified, possibly by
using scientific names, i.e., chemical form for compounds or taxonomical name for specific
plants or animals. In case of complex foods or recipes, ingredients, amounts, and preparation
methods should be stated when possible. Any aggregation of food or classification of food
groups should be defined.

nut-7.2. When Using Dietary Patterns or Indices, Describe the Methods
to Obtain Them and Their Nutritional Properties
The approach and variables used to derive dietary patterns should be described, including if
and how energy intake was considered. A rationale for the development of an a priori dietary

Table 1. (Continued)

Item Item
Number

STROBE Recommendations Extension for Nutritional Epidemiology Studies
(STROBE-nut)

Key Results 18 Summarize key results with reference to study objectives.

Limitation 19 Discuss limitations of the study, taking into account
sources of potential bias or imprecision. Discuss both
direction and magnitude of any potential bias.

nut-19. Describe the main limitations of the data sources
and assessment methods used and implications for the
interpretation of the findings.

Interpretation 20 Give a cautious overall interpretation of results
considering objectives, limitations, multiplicity of analyses,
results from similar studies, and other relevant evidence.

nut-20. Report the nutritional relevance of the findings,
given the complexity of diet or nutrition as an exposure.

Generalizability 21 Discuss the generalizability (external validity) of the study
results.

Other Information

Funding 22 Give the source of funding and the role of the funders for
the present study and, if applicable, for the original study
on which the present article is based.

Ethics nut-22.1. Describe the procedure for consent and study
approval from ethics committee(s).

Supplementary
Material

nut-22.2. Provide data collection tools and data as online
material or explain how they can be accessed.

doi:10.1371/journal.pmed.1002036.t001
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index or score should be given together with an explanation of how the scoring of each compo-
nent was done and how the various components were combined. The potential and observed
range of the score should be given, together with a central measure and distribution.

For exploratory approaches (e.g., principal component analyses, factor analyses, and cluster
analyses), the statistical procedure and software used should be described. The steps and deci-
sions taken to define the dietary patterns should be explained in addition to the nutritional
characteristic of each pattern. If hybrid methods such as reduced rank regression are used, also
describe the dependent variables.

nut-8.1. Describe the Dietary Assessment Method(s), E.g., Portion Size
Estimation, Number of Days and Items Recorded, How It Was
Developed and Administered, and How Quality Was Assured. Report If
and How Supplement Intake Was Assessed
Describe the main dietary assessment method (e.g., food record, 24-hour recall, or food fre-
quency questionnaire), including if and how portion sizes were assessed (e.g., using pictures,
household measures, units, or weighing). Indicate the administration method, purpose, and
population group for which the dietary assessment method was developed. In addition,
describe how it was administered (e.g., by an interviewer, self- or proxy-reported; face-to-face,
by telephone, online, or via mobile applications) and the steps taken to ensure quality of the
assessment (e.g., training, supervision, and/or data quality verification efforts). In case of food
records and dietary recalls, indicate the number of days that were recorded or recalled, whether
these were consecutive or nonconsecutive days, and any specific characteristics of the food
item, e.g., low fat. Regarding food frequency questionnaires, report whether it was developed
for any specific dietary component, the estimation of portion sizes, the time period covered,
and the number of food items included.

nut-8.2. Describe and Justify Food Composition Data Used. Explain the
Procedure to Match Food Composition with Consumption Data.
Describe the Use of Conversion Factors, If Applicable
If intake of nutrients or other components is calculated from the food consumption data, indi-
cate the full source and justify the food composition data used. Give appropriate guidance (e.g.,
search strategy or references) if data are directly derived from peer-reviewed publications.
Report factors that influence the quality of the nutrient intake data, such as number of missing
values in food composition data and how these were treated, how foods were matched, any
conversion factors applied to the consumed food amounts (e.g., raw-to-cooked conversion), or
food component concentrations (e.g., nutrient retention, yield, or bioactivity).

nut-8.3. Describe the Nutrient Requirements, Recommendations, or
Dietary Guidelines and the Evaluation Approach Used to Compare
Intake with the Dietary Reference Values, If Applicable
If dietary intake data are evaluated against recommendations or reference values, report the
authority and year of publication. Indicate the type of recommendations (e.g., adequate intake,
average requirement, recommended dietary allowance, upper limit, dietary guideline, or food-
based dietary guidelines) and their target group and describe the evaluation approach, e.g.,
probability method or cut-point method [22].
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nut-8.4. When Using Nutritional Biomarkers, Additionally Use the
STROBE Extension for Molecular Epidemiology (STROBE-ME). Report
the Type of Biomarkers Used and Usefulness as Dietary Exposure
Markers
When using nutritional biomarkers, report sample collection, processing, storage, and analysis
and use STROBE-ME [23]. Report the validity and reliability of the biomarker as a marker of
dietary exposure or nutritional status, including the time window for which the biomarker is
representative.

nut-8.5. Describe the Assessment of Nondietary Data (E.g., Nutritional
Status and Influencing Factors) and Timing of the Assessment of These
Variables in Relation to Dietary Assessment
Describe the collection of nondietary data that could influence the estimates of dietary intakes.
Include the time schedule for the collection of both dietary and nondietary data and the time
period for each measurement in relation to each other.

nut-8.6. Report on the Validity of the Dietary or Nutritional Assessment
Methods and Any Internal or External Validation Used in the Study, If
Applicable
Describe and reference the validation study of the dietary or nutritional assessment method,
including the reference method(s) used, when it was conducted, and in which population. The
measures of validity should be reported (e.g., mean difference, correlation coefficient, classifica-
tion agreement, and limits of agreement), as well as its applicability at the individual level and
the population level. Also report if the reproducibility has been tested.

nut-9. Report How Bias in Dietary or Nutritional Assessment, E.g.,
Misreporting, Changes in Habits as a Result of Being Measured, and
Data Imputation from Other Sources, Was Addressed
It should be clear how misreporting (including under- and overreporting) was defined and
addressed in the analysis. Potential selection bias due to exclusion of misreporters should be
assessed by comparing participant characteristics, and the potential influence on outcome
should be discussed. Misreporting can arise as a result of poor recall of diet, interviewer bias, or
social acceptability bias. Similarly, bias such as regression to the mean should be considered.

nut-11. Explain the Categorization of Dietary/Nutritional Data (E.g., Use
of N-tiles and Handling of Nonconsumers) and the Choice of Reference
Category, If Applicable
Dietary intake data is often categorized in N-tiles or in other categories (e.g., to express compli-
ance with dietary recommendations). A clear description of the number of categories, cut-off
points, and the choice of reference category is needed. The handling of nonconsumers during
the analysis should be described to allow correct interpretation.

nut-12.1. Describe Any Statistical Method Used to Combine Dietary or
Nutritional Data, If Applicable
Various methods can be used to combine food consumption and food composition data to esti-
mate exposure through dietary intake of food groups, nutrients, other food components, or
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contaminants. These methods (e.g., the deterministic and probabilistic approaches) should be
clearly reported. If food and supplement intakes were combined, also report the method used.

nut-12.2. Describe and Justify the Method for Energy Adjustments,
Intake Modeling and Use of Weighting Factors, If Applicable
As intake of various nutrients and foods is associated with both energy and the intake of other
nutrients or foods, adjustments may be needed to assess the diet-disease relationship [19].
Adjustment for total energy or energy from food can also mitigate the dietary assessment mea-
surement error [24]. Any adjustments and the methodology used should be clearly stated.

Report statistical techniques used to remove the within-person error, i.e., when short-term
instruments such as 24-hour dietary recalls are used to estimate the proportion of a population
below or above a recommendation or cut-off. Report weighting factors that might have been
used, to ensure representativeness of seasons or the study population.

nut-12.3. Report Any Adjustments for Measurement Error, I.e., from a
Validity or Calibration Study
Even after using measurement error-reduction techniques, dietary intake estimations may still
be associated with substantial error. The overall magnitude of both random and systematic
errors therefore needs to be considered in evaluation studies. If applicable, describe how the
findings of reproducibility or validation studies undertaken were used to (partially) correct the
observed results for measurement error.

nut-13. Report the Number of Individuals Excluded Based on Missing,
Incomplete, or Implausible Dietary/Nutritional Data
Missing and implausible data are a pervasive problem in dietary investigations and may intro-
duce bias or attenuated associations or lead to erroneous interpretations. Implausible data
could be derived from incomplete dietary assessments or from (un)intentional under- or over-
reporting of dietary intake. Describe the number of missing values, cut-offs for implausible
data leading to exclusion, characteristics of those excluded, and any method used to handle
missing values. Reporting of the number of individuals excluded will help to appraise the final
power of the study and bias due to the exclusions.

nut-14. Give the Distribution of Participant Characteristics across the
Exposure Variables If Applicable. Specify If Food Consumption of Total
Population or Consumers Only Were Used to Obtain Results
If relevant, the distribution of the participant characteristics (e.g., age, gender, lifestyle, health
status, and control/intervention groups) should be given according to the exposure variables.
To allow correct interpretation, describe whether the distributions are based upon the total
population or upon consumers only (cf. nut-11). A visual representation of the distribution
may facilitate the interpretation of findings.

nut-16. Specify If Nutrient Intakes Are Reported with or without Inclusion
of Dietary Supplement Intake, If Applicable
Dietary supplements may contribute to the total intake of various nutrients. Failure to include
these nutrient sources could lead to a serious underestimation of intake. To ensure correct
interpretation and comparability of the findings, specify whether the nutrient intakes are
derived from foods only or from both food and supplement intakes.
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nut-17. Report Any Sensitivity Analysis (E.g., Exclusion of Misreporters
or Outliers) and Data Imputation, If Applicable
Misreporters and outliers can be identified via several approaches (e.g., using cut-offs [25] or
N-tiles). If applicable, report any sensitivity analysis used to investigate the effect of data impu-
tations or inclusion/exclusion of different population subgroups (e.g., misreporters or those
that changed diets because of health reasons) on the study findings.

nut-19. Describe the Main Limitations of the Data Sources and
Assessment Methods Used and Implications for the Interpretation of the
Findings
Dietary assessment methods are prone to various sources of bias and degrees of error that
should be considered when interpreting the results. Limitations in food composition data
should be described as well as the limitations inherent to the dietary assessment method [26].
Discuss whether the limitations could have introduced a random or systematic error and, if
systematic, suggest in which direction this might have affected the findings.

nut-20. Report the Nutritional Relevance of the Findings, Given the
Complexity of Diet or Nutrition as an Exposure
Not all statistically significant findings are nutritionally relevant. Given the complexity of
nutritional epidemiological research, overinterpretation of findings should be avoided. Poor
reporting of research findings may lead to implausible interpretations and spurious conclu-
sions with regard to the relationship between nutrition and human health. If data allow, report
effect sizes per serving with indications of weight or volume of the serving size to facilitate
interpretation.

nut-22.1. Describe the Procedure for Consent and Study Approval from
Ethics Committee(s)
Ethical principles apply to nutritional research, and the procedures followed should be
described. There are important differences between countries on the need to obtain approval of
nutritional epidemiological studies by an appropriate committee or institution. Many nutri-
tional journals currently request authors to comply with the appropriate procedure for ethical
research and require describing the procedures followed during the study and for handling
data.

nut-22.2. Provide Data Collection Tools and Data as Online Material or
Explain How They Can Be Accessed
Sharing of all research material is increasingly recognized as integral to good research practice.
Sharing of data collection instruments such as questionnaires or software as online material
contributes to the transparency of methods and findings. It enables reuse of instruments and
may facilitate research to improve methods of dietary assessment and nutritional epidemiol-
ogy. Similarly, access to food composition or participant level data allows reuse, independent
(re)analysis, discovery, and study replication. Machine-readable formats are encouraged [27].
In case data cannot be shared publicly, researchers should explain this explicitly and provide
clear instructions on how data can be accessed.
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Discussion
STROBE-nut provides guidance for researchers to improve the quality and completeness of
reporting in nutritional epidemiology. Although previous reporting guidelines have been pro-
posed for use in dietary assessment [15–18] or nutrition intervention studies [13], they were
not developed following a consultative process to ensure broad consensus and support by their
potential users. STROBE-nut covered 94% of the recommendations for reporting of studies in
these existing guidelines. Similar to other reporting guidelines, STROBE-nut should not be
used as a normative tool or a standard to appraise the quality of studies. STROBE-nut comple-
ments the instructions of editorial and review processes to ensure a clear and transparent
account of the research conducted.

Most experts contacted generally welcomed the initiative and provided constructive feed-
back. One expert did not see the value of research reporting guidelines in general, arguing that
they only add a burden on the users. To address this, an assessment of the added value of devel-
oping additional guidelines such as STROBE-nut will be conducted through a review of the
use, effectiveness, and user satisfaction of the STROBE-nut checklist, organized 5 years after its
first publication. In addition, collaboration with Enhancing the Quality and Transparency of
Health Research (EQUATOR) network and STROBE will ensure complementarity with other
reporting guidelines.

We will consider the STROBE-nut guidelines in ongoing efforts that aim to add value in
nutrition research, such as the GloboDiet initiative, the European Nutrition Phenotype Assess-
ment and Data Sharing Initiative (ENPADASI), and the Dietary Assessment Tool Network
(DIET@NET). We encourage prospective registration of protocols in public registries to
increase the transparency of the research hypothesis, data analysis, and completeness of
reporting.

The STROBE-nut guidelines are mainly geared towards reporting the methodological
aspects of manuscripts. Although we do not present recommendations for writing the intro-
duction of a paper, it is clear that a critical assessment of the added value is needed to justify a
study [28].

The structured and formal consultation process is a strength of STROBE-nut. However, the
dropout rate was substantial, and the response rate was lower compared to other reporting
guidelines that used the Delphi technique [29,30]. The lower response rates are partly due to
our efforts to consult as widely as possible, resulting in invitations for 200 experts. The final
sample of experts that provided input, however, was adequate and still higher than most
reporting guidelines that used face-to-face meetings or workshops [31]. The increased partici-
pation towards the end and consensus on the final instrument makes us conclude that
STROBE-nut has satisfactory external support.

During the next years, the checklist will be translated and disseminated widely. Feedback
through our website (www.strobe-nut.org) is encouraged to improve the checklist.

Supporting Information
S1 Table. Responses received during the Delphi rounds.
(XLSX)
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