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Abstract
Objective: To categorize the research topics covered by a sample of cohort studies
exploring the association between nutrition and obesity; to describe their funding
sources; and to explore the association between funding sources and research
topics.
Design: Cross-sectional study.
Subjects: Cohort studies retrieved from MEDLINE and PubMed published between
2010 and 2016.
Results: One hundred and twenty-one studies were included. Funding source and
conflicts of interest were disclosed in 95·0 and 90·1% of the studies, respectively.
Food industry sponsorship was disclosed in 8·3% of the studies. Half of the studies
analysed the consumption of a single food or food groups, 18·2% included an
analysis of dietary patterns and 17·4% focused on specific nutrients. Highly
processed foods were considered in 48·8% of the studies and 27·3% considered
dietary behaviours (e.g. eating away from home). No statistically significant
differences in research topics were observed between industry- and non-industry-
funded studies.
Conclusions: Cohort studies focused on more complex exposures (e.g. food or
dietary patterns) rather than single nutrients. No significant differences in the
research agenda by funding sources were observed. The analysis was limited by
the low proportion of studies with disclosed food industry sponsorship.
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A recent analysis of internal industry documents revealed
that decades of research on the link between nutrition and
CVD have been shaped by the sugar industry with the aim
of deflecting attention away from sucrose as a potential risk
factor(1). That new case study bolsters previous concerns
about the potential manipulation of the research agenda
(namely, the questions being studied) by corporate interests
across different fields(2). For example, cigarette companies
deflected attention from the hazards of second-hand
smoke by funding studies suggesting that other indoor air
pollutants were more harmful than tobacco(3).

A systematic review published in 2016 found that
few studies have examined potential biases in nutrition
research. The twelve studies included in that review
focused on the effect of food industry sponsorship on the
results, conclusions and methodological quality of nutri-
tion research(4), while potential biases in the nutrition
research agenda have not been comprehensively asses-
sed. Apart from case studies based on the analysis of
internal sugar industry documents(1,5) and investigative

journalism reports that exposed the attempts of a multi-
national soda company to influence the obesity research
agenda(6), a systematic analysis examining whether food
industry sponsorship influences the nutrition research
agenda has not been done.

We previously conducted a study to explore the asso-
ciation between funding sources and research topics in a
sample of randomized controlled trials (RCT) assessing
nutrition interventions to address obesity. We found that
most of the food industry-sponsored studies involved
manipulation of specific nutrients, while less attention was
paid to food-level and dietary pattern-level interven-
tions(7). This supports the hypothesis that a reductive focus
on nutrients might be strategic for the industry as it can
produce results that will allow food companies to market
ultra-processed foods using nutrient content claims(8).

However, complex diet–disease relationships cannot
always be studied with RCT. Dietary interventions can
manipulate only limited components of diet, and are
sometimes considered unethical or unfeasible to answer
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questions about the association of diet and diseases(9,10).
Therefore, long-term observational studies play a funda-
mental role in nutrition research and have led to important
findings about the complex interrelations between diet
and diseases(11). An analysis of 330 papers published in
five nutrition journals between January and June 2007
found that observational designs were more frequent than
experimental ones (68·2 v. 31·8%)(12). In addition, evi-
dence from observational studies currently informs the
development of dietary guidelines(13). Cohort studies are a
common and rigorous type of observational study design.
Compared with case–control studies, cohort studies can
test hypotheses regarding the association between an
exposure and multiple outcomes and avoid some of
the biases, such as recall bias, that might affect other
observational study types(14).

In light of these considerations, the aim of the present
study was to evaluate whether the association of research
topics and funding sources previously observed in RCT
also applies to observational cohort studies. The specific
objectives are:

1. to categorize the research topics covered by a sample
of cohort studies exploring the association between
nutrition and obesity;

2. to describe their funding sources; and
3. to explore the association between funding sources

and research topics.

Methods

Study selection
We included published cohort studies examining the
association between dietary exposures and overweight or
obesity. We included studies where the primary or sec-
ondary outcomes were BMI score or other measures of
overweight and obesity (e.g. waist circumference, fat
mass). We included studies published in English, Spanish,
French and Italian.

We searched MEDLINE (2010–2016) and PubMed
(2010–2016) on 29 July 2016. The search strategy is shown
in the online supplementary material, Supplemental File 1.
We used a broad search strategy because our analysis was
not designed to provide a clinical answer to a particular
question (e.g. the association between a specific nutrition
exposure and obesity) but to categorize the research
topics across a sample of nutrition research studies
addressing outcomes relevant to obesity. We restricted our
search to studies published from 2010 as international
standards on disclosure of funding sources and investi-
gators’ conflicts of interest have been mostly developed
since that time(15,16) and journals’ disclosure policies have
gradually become more stringent and widespread(17).
Thus, as our objective was to explore the association
between funding sources and nutrition research topics, we

focused on articles that were likely to have funding and
conflicts of interest disclosures.

One investigator screened the titles and abstracts for
obvious exclusions. When a study could not be rejected
with certainty, the decision was made with a second
investigator.

Data extraction
The full text was retrieved for each included study and the
following data were collected.

1. Study characteristics: population studied, location, year
of publication.

2. Disclosed funding source(s), which were classified as:
food industry, pharmaceutical industry, other for-profit
entities, governmental agencies, not for profit, mixed
funding sources, unknown (when the funding source
was disclosed in the article, but information about
the sponsor could not be retrieved from the Internet),
or no funding disclosed. The food industry category
could include transnational food corporations (e.g.
Coca-Cola), primary producers (e.g. dairy industry),
food processing companies (e.g. meat packing indus-
try), wholesale, distribution and retail companies (e.g.
supermarkets, grocery chains), and trade associations
(e.g. American Beverage Association).

3. Disclosure of investigators’ conflicts of interest as stated
in the publications.

4. Research topics as classified below.

The taxonomy we used to code research topics was
inspired by a framework for food classification(8) and
has already been extensively described elsewhere(7). We
coded research topics as follows.

Level of dietary composition
We assessed whether the study focused on:

∙ energy level: focus on energy restriction;
∙ nutrient level: focus on the intake of specific nutrients,
micronutrients, compounds (e.g. fat, protein, carbohy-
drates, vitamin B);

∙ food level: focus on the consumption of a single food or
food groups (e.g. vegetables, fruit, grain foods, meats,
fish, eggs, or processed foods such as sugar-sweetened
beverages, high-energy snacks, fast foods, etc);

∙ dietary pattern level: focus on the overall dietary pattern
or cuisine (e.g. the Mediterranean diet); or

∙ not applicable: when the article did not fit in any of the
above categories.

To determine the level of dietary composition we extrac-
ted the hypothesis of the study. If the hypothesis was not
clearly framed, we extracted information on how the
authors defined the dietary exposure in the methods and
results sections. Each article could fit more than one of the
above categories; however, we coded the studies
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according to the most complex level. Each level can
therefore include a combination of the lower levels; for
example, a study in the food category could include
analysis of certain foods (e.g. fruits and vegetables) and
studies focusing on a combination of foods and nutrients
(e.g. fruits, vegetables and fibre).

Our a priori hypothesis was that the food industry is
more likely to fund nutrient-level studies compared with
other sponsors to generate evidence in support of its
nutritional claims on food products(8).

Level of food processing
A study was rated as ‘yes’ if it explored the association
between the consumption of highly processed foods,
defined as foods that are constructed primarily out of
processed-reconstituted and refined-extracted materials
(e.g. sugar-sweetened beverages, fried fast foods, break-
fast cereals, confectioneries), and obesity-related out-
comes. When we pilot-tested the taxonomy, we found that
many studies mentioned highly processed foods as one of
the many food items that were part of the dietary assess-
ment. Therefore, to be specific rather than sensitive, we
decided to code as ‘yes’ only the studies that mentioned
highly processed foods in their primary hypothesis or that
reported an adiposity measure related to the consumption
of highly processed foods, whether as a single item or as
the main components of a dietary pattern. Our a priori
hypothesis was that little research focuses on evaluating
the effects of the levels of food processing and that the
food industry is less likely to sponsor such studies com-
pared with other funding sources(8,18).

Dietary behaviours
A study was coded as ‘yes’ if it explored the association
between certain dietary behaviours (e.g. meal skipping,
eating away from home, eating while watching television,
eating dinner together as a family, parental feeding prac-
tices) and obesity-related outcomes. Our a priori
hypothesis was that the food industry is less likely to fund
studies that address dietary behaviours compared with
other sponsors.

Double coding
For the analysis of the nutrition research topics, 30% of the
publications were randomly selected to be coded inde-
pendently by two reviewers and any disagreement was
resolved by consensus. As the percentage of agreement
between the two coders was 92·5%, the rest of the sample
was single coded.

Analysis
Categorical variables were described using frequency tables.
Cross-tabulations were performed for evaluating possible
associations between the funding sources and the research
topics using the χ2 test. All analyses were performed using
the statistical software package IBM SPSS Statistics version 22.

Results

Study selection
As shown in Fig. 1, 1573 studies were identified and 121
met the inclusion criteria. Apart from one retrospective
cohort study, all the included studies were prospective
cohort studies. They targeted children/adolescents (n 49;
40·5%), adults (n 63; 52·1%) or both (n 9; 7·4%). The
majority of the studies were conducted in Europe (n 56;
46·3%) and the USA (n 31; 25·6%). The length of obser-
vation varied: in fourteen studies it was less than 1 year, in
fifty-five studies 1–5 years, in thirty studies 5–10 years and
in twenty-two studies more than 10 years. Five studies
looked specifically at how the interaction between genetic
variants and weight is mediated by diet.

Disclosure of funding source and investigators’
conflicts of interest
Of the 121 included studies, 95·0% (n 115) disclosed
their funding source. Of these, 112 studies disclosed the
presence of one or multiple sponsors, while in three cases
the authors received no specific funding for conducting
the study. As Table 1 shows, 40·5% (n 49) of the studies
were funded by governmental, intergovernmental agen-
cies or other public bodies, 36·4% (n 44) by mixed
funding sources without any industry involvement, while
food industry sponsorship (alone or with other sponsors)
was disclosed in 8·3% (n 10) of the studies.

Of the 121 included studies, 90·1% (n 109) contained a
conflicts of interest disclosure. In nine studies (7·4%) the
authors disclosed a conflict of interest with the food industry.

Research topics
Table 2 shows the research topics explored in the included
cohort studies. With regard to the level of dietary
composition:

∙ three studies (2·5%) focused on energy intake (e.g. ‘this
study aimed to assess associations between baseline
objectively measured activity intensity, dietary energy
density (DED) and 4-year change in adiposity’);

∙ twenty-one studies (17·4%) focused on nutrients (e.g. ‘the
objective of the present study is to investigate the
relationship between the macronutrient composition of
the usual diet and weight change after 5 years on average’);

∙ sixty-one studies (50·4%) analysed the consumption of
a single food/food groups or a combination of nutrients,
energy and foods (e.g. ‘our aims were to determine the
effects of total and full- and reduced-fat dairy intake in
children at 10 year of age on risk of excess total body fat
mass (TBFM) and overweight at age 13 year’);

∙ twenty-two studies (18·2%) included an analysis of
dietary patterns (e.g. ‘we assessed the association
between the adherence to the Mediterranean dietary
pattern (MDP), prospective weight change, and the
incidence of overweight or obesity’); and
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∙ fourteen studies (11·6 %) did not fit any of the categories
related to the level of dietary composition – those fourteen
articles addressed dietary behaviours instead (see below).

Highly processed foods were considered in 48·8%
(n 59) of the studies (e.g. ‘we examined the association of
SCB [sugar-containing beverages] intake at 13 months with
BMI development until 6 years and body composition at
age 6 years’) and 27·3% (n 33) considered dietary beha-
viours (e.g. ‘we assessed the association between break-
fast skipping and BMI among young Chinese children in
Hong Kong’).

Research topics by funding sources
The results of the analysis of nutrition research topics
by funding sources are presented in Table 3. To test our
hypotheses, we compared the research topics of food

industry- and non-food industry-sponsored studies. Con-
sidering the low proportion of food industry-sponsored
studies in our sample, we grouped studies sponsored solely
by the food industry (n 1), studies with mixed food industry
and other funding (n 9), and studies that did not disclose
food industry funding but had authors who disclosed a
conflict of interest with the food industry or personal
support from industry (n 6). The non-food industry category
includes studies funded by governmental agencies, non-
profit sector and mixed funding sources without the
presence of food industry and the studies that did not
receive specific funding (n 96). We did not include in this
analysis the studies funded by pharmaceutical companies

Table 1 Categories of funding sources in the sample of cohort
studies exploring the association between nutrition and obesity
published between 2010 and 2016 (n 121)

Funding source n %

Governmental agencies 49 40·5
Mixed funding sources (without industry) 44 36·4
Mixed funding sources (with food industry) 7 5·8
Non-profit 5 4·1
No funding disclosed 6 5·0
Mixed funding sources (with pharmaceutical industry) 4 3·3
No funding for study received 3 2·5
Mixed funding sources with food and pharmaceutical

industries
2 1·7

Food industry 1 0·8
Total 121 100·0

Table 2 Nutrition research topics in the sample of cohort studies
exploring the association between nutrition and obesity published
between 2010 and 2016 (n 121)

n %

Level of dietary composition*
Energy 3 2·5
Nutrient 21 17·4
Food 61 50·4
Dietary pattern 22 18·2
Not applicable 14 11·6

Level of food processing
Yes 59 48·8
No 62 51·2

Dietary behaviours
Yes 33 27·3
No 88 72·7

*For the analysis, we grouped the studies according to the higher level of
dietary composition in our taxonomy. Each level can therefore include a
combination of the lower levels (e.g. the food category includes studies
examining only certain foods and studies focusing on a combination of foods,
nutrients and energy).

Studies identified
(n 2597)

Duplicates excluded
(n 1024)

Potentially relevant studies
(n 1573) Studies excluded after

screening title and abstract
due to lack of suitability of
study design, outcome or

exposure
(n 1422)

Studies retrieved
for more detailed
evaluation (n 151) Reasons for exclusion:

•  Language (studies not in
   English, Spanish, Italian,
   French), n 3

•  Lack of suitability of study
   design, n 17

•  Lack of suitability of
   exposure or outcome, n 5

•  Duplicate of included
   study, n 4

•  Designed to test
   methods, n 1

Studies included
(n 121)

Fig. 1 Flowchart of study selection
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and the ones with undisclosed funding sources, therefore
the total number of included studies is 112.

As shown in Table 3, the most represented category in
studies sponsored by the food industry was the nutrient
level (37·5%) followed by the food level (31·3%). Most of
the non-food industry-funded studies addressed foods
(52·1%) and 20·8% analysed dietary patterns ( χ2 test:
P= 0·050). No statistically significant differences were
observed between the two categories of funding source
regarding the level of food processing and the dietary
behaviours (χ2 test: P= 0·643 and P= 0·862, respectively).

Discussion

Study sponsorship and the nutrition research
agenda
Our a priori hypothesis, that there would be statistically
significant differences in the research topics funded by the
food industry compared with other funders, was not
confirmed. Our focus on articles published from 2010 did
maximize the proportion of studies (95·0%) with disclosed
funding sources. Nevertheless, the analysis of the research
topics by funding source was limited by the low propor-
tion of studies with disclosed food industry sponsorship.
One explanation could be the possible under-reporting of
industry sponsorship or authors’ conflicts of interest as has
been described in previous studies(19). As the current
system for disclosure has flaws, valid methodologies need
to be developed to assess the accuracy of disclosed
information. Information on conflicts of interests could be
sought directly from authors of published studies, but in
our experience this is time consuming and yields little

additional information. Another alternative is the creation
of a centralized, publicly accessible registry for conflicts of
interest disclosures that would aggregate information from
different sources (e.g. published articles, internal registries
of funding agencies)(20). This could be an important
source of standardized conflicts of interest information
for journal editors, researchers and readers of the
scientific literature.

Another reason we did not see a significant association
between funding source and research topics could be that
we focused on studies examining the relationship between
diet and obesity.

Food industry sponsors may not fund nutrition-related
research and focus on other topics instead. For example,
investigative journalism reports have exposed the attempts
of Coca-Cola to influence the obesity research agenda by
funding studies that highlighted the role of physical
activity in maintaining a healthy body weight, thus
deflecting attention from nutrition and particularly from
the harmful food commodities that the company mar-
kets(6). Clearly one case study cannot be generalized to all
food companies, but similar distracting techniques have
already extensively been described across other industry
sectors(3).

We observed that the most represented category in food
industry-sponsored studies was the nutrient level imme-
diately followed by the food level. Most of the non-
industry-funded studies instead addressed foods or dietary
patterns. According to some authors, food corporations
have strategically exploited the reductive approach to the
nutrient composition of diets to market highly processed
foods using nutrient content claims, a phenomenon
described as ‘corporate capture of nutritionism’

(8).
The level of food processing was taken into

consideration in about half of the cohort studies. Although
food processing is a fundamental determinant of overall
diet quality and a fundamental driver in the global obesity
epidemic(21), it still seems to be an overlooked factor in
nutrition science(22). Some researchers have pointed out
the risks associated with this approach. For example,
unprocessed whole-grain foods and highly processed
breakfast cereals could be classified together within the
food group of cereals. This has resulted in calls for the
adoption of new food classifications based on the extent
of industrial processing(22,23). The 2015 Brazilian dietary
guidelines are among the few guidelines that explicitly
take this issue into account and recommend limiting the
intake of processed foods and avoiding those that are
ultra-processed(24).

Comparison of the research agenda studied in
randomized controlled trials and observational
studies
Our analysis shows that cohort studies focused on exam-
ining complex exposures (e.g. foods or dietary patterns)
rather than single nutrients or dietary behaviours.

Table 3 Research topics by funding source for studies that
disclosed a sponsor (n 112) in the sample of cohort studies
exploring the association between nutrition and obesity published
between 2010 and 2016

Food industry
(n 16)

Non-food industry
(n 96)

n %* n %* P value

Level of dietary composition†
Energy 1 6·3 1 1·0 0·050
Nutrient 6 37·5 14 14·6
Food 5 31·3 50 52·1
Dietary pattern 1 6·3 20 20·8
Not applicable 3 18·8 11 11·5

Level of food processing
Yes 7 43·8 48 50·0 0·643
No 9 56·3 48 50·0

Dietary behaviours
Yes 4 25·0 26 27·1 0·862
No 12 75·0 70 72·9

*Column percentages are calculated.
†For the analysis, we grouped the studies according to the higher level of
dietary composition in our taxonomy. Each level can therefore include a
combination of the lower levels (e.g. the food category includes studies
examining only certain foods and studies focusing on a combination of foods,
nutrients and energy).
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In addition, highly processed foods were analysed in
about half of the studies. In contrast, our previous study on
nutrition interventions to address obesity showed that the
majority of the included RCT involved manipulations of
specific nutrients in a context of reduced energy intake
(44·2%), while there was a gap in the research agenda
examining food-level (11·3%) and dietary pattern-level
(0·9%) interventions. Highly processed foods were ana-
lysed in less than one-third of the interventions and
slightly more than half of the RCT addressed dietary
behaviours(7).

The gap in the research agenda and particularly the
nutritional reductionism that was found in our previous
study on RCT was not so evident in the current sample of
cohort studies. One explanation for these differences in
level of dietary composition studied could be that cohort
studies may be more likely than trials to focus on complex
exposures in real-word scenarios rather than a single
nutrient’s manipulation under ideal conditions. Another
explanation could be that research topics have changed
over time. The cohort analysis included only studies
published between 2010 and 2016, while the RCT sample
covered the period 1978–2013. The increasing focus on
higher levels of dietary composition (e.g. foods and
dietary patterns) might be the result of the numerous calls
that have been made for an alternative approach to
nutrition research, namely a ‘top-down’ approach that
starts from diet patterns and then works backwards to
smaller units of analysis (e.g. nutrients)(25,26).

Limitations
Our study has several limitations. First, we searched only
two databases. However, the search strategy was broad
and the large number of studies that did not meet our
inclusion criteria suggests that the search was sensitive
rather than specific. Also, we were not attempting to
identify every study relevant to a clinical question but to
identify a sample of cohort studies analysing the associa-
tion between dietary exposures and obesity. Second, we
excluded articles published in languages other than
English, Spanish, French and Italian. Third, we relied only
on the information reported in the publications and did
not contact the authors, therefore important aspects of the
studies such as details of exposures studied or undisclosed
conflicts of interest might have been missed.

Conclusion

Cohort studies exploring the association between a dietary
exposure and obesity outcomes focus on more complex
exposures such as foods or dietary patterns rather than
single nutrients. No statistically significant differences in
the research topics by funding sources were observed;
however, the analysis was limited by the low proportion of
studies with disclosed food industry sponsorship.

The low proportion of food industry-sponsored studies
suggests that a different approach might be needed to
explore corporate interests’ influence on the research
agenda. To characterize the research agenda of the food
industry, one option could be to analyse the research
projects that food companies disclose on their websites or
in annual reports. Another option could be to focus on a
different research area as previous investigations have
shown how some food and beverage companies have
funded studies on topics that could distract from the
harmful effects of their products(5,6). The involvement of
food companies in sponsoring research on non-nutrition-
related topics could therefore be another interesting area
for future research. Lastly, identification of undisclosed
conflicts of interest in nutrition research would support
analyses of differences between industry- and non-
industry-supported research.
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