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ABSTRACT

Funding of research by the industry can lead to sponsorship bias. The aim of the current study was to conduct an initial exploration of the impact of
sponsorship bias in observational alcohol research by focusing on a broad spectrum of health outcomes. The purpose was to determine whether
the outcome depended on funding source. We focused on moderate alcohol consumption and used meta-analyses that are the basis of several
international alcohol guidelines. These meta-analyses included observational studies that investigated the association of alcohol consumption with
14 different health outcomes, including all-cause mortality, several cardiovascular diseases and cancers, dementia, and type 2 diabetes.Subgroup
analyses and metaregressions were conducted to investigate the association between moderate alcohol consumption and the risk of different
health outcomes, comparing findings of studies funded by the alcohol industry, ones not funded by the alcohol industry, and studies with an
unknown funding source. A total of 386 observational studies were included. Twenty-one studies (5.4%) were funded by the alcohol industry, 309
studies (80.1%) were not funded by the alcohol industry, and for the remaining 56 studies (14.5%) the funding source was unknown. Subgroup
analyses and metaregressions did not show an effect of funding source on the association between moderate alcohol intake and different health
outcomes.In conclusion, only a small proportion of observational studies in meta-analyses, referred to by several international alcohol guidelines,
are funded by the alcohol industry. Based on this selection of observational studies the association between moderate alcohol consumption and
different health outcomes does not seem to be related to funding source. Adv Nutr 2020;11:1384–1391.
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Introduction
Industry funding of health research has been a topic of
discussion for many years (1–6). Because of the potential
sponsorship bias, it is argued that industry funding in
scientific research is undesirable (5). More specifically,
concerns have been raised about the integrity of research
funded by the pharmaceutical and food industry (1–3, 5–
7). With respect to the pharmaceutical industry, Lundh and
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colleagues (1) demonstrated that empirical studies funded
by the pharmaceutical industry reported results favorable
to the sponsors’ products more often than non–industry-
sponsored studies (RR: 1.27; 95% CI: 1.17, 1.37). Similar
results are found for food industry funding in nutrition
research. Biased results and conclusions have been found
in industry-funded studies for sugar sweetened beverages
(SSBs), the fat substitute olestra, and nonalcoholic drinks (8–
10). For example, industry-sponsored systematic reviews on
SSBs and weight gain have a greater probability of reporting
no positive association between weight gain and SSBs than
systematic reviews with no financial conflict of interest with
the food industry (RR: 5.0; 95% CI: 1.3, 19.3) (8). In addition,
a study that investigated the association between authors’
published position on the fat substitute olestra and financial
relations with this sector, discovered that 80% of the authors
in favor of olestra have ≥1 financial relation with this sector,
in contrast to only 11% of the critical and 21% of the neutral
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authors (9). Food industry–funded intervention studies on
nonalcoholic drinks (e.g., milk, soft drinks, and juices) have
not reported any unfavorable conclusions compared with
37% of non–industry-funded intervention studies reporting
unfavorable results (10). Such bias in health research can
have major consequences for public health, because these
studies are essential to the development of new medication
and treatments, or are the basis for the formulation of dietary
guidelines and design of public health interventions.

It has also been suggested that the involvement of the
alcohol industry in scientific research could affect the objec-
tivity of independent scientists and the integrity of science
(4, 11). So far, only 1 study has examined this. McCambridge
and Hartwell (12) investigated whether findings of alcohol’s
protective effects on cardiovascular disease (CVD) were
biased by industry funding. This study gave no specific
grounds for concern that alcohol industry funding has biased
what is known about the protective effects on CVD, apart
from stroke. Studies giving some concern about receipt
of alcohol industry funding found a protective effect of
alcohol consumption against stroke (RR: 0.88; 95% CI:
0.81, 0.94), whereas studies without such concerns found
no effect (RR: 1.07; 95% CI: 0.97, 1.17). However, it is
important to stress the limited sample size. For this analysis,
there were only 8 studies with “some concern” of receiving
alcohol industry funding compared with 10 studies with
“no concern.” The authors indicate that the findings are
preliminary and stress the importance of more sophisticated
research on the issue (12). The aim of the current study was
to conduct an initial exploration of the impact of sponsorship
bias in observational alcohol research by focusing on a
broad spectrum of health outcomes. Studies focusing on the
effect of moderate alcohol consumption on CVD, stroke,
coronary heart disease (CHD), different types of cancer, type
2 diabetes, dementia, and all-cause mortality were included.
These health outcomes were selected because they are often
associated with moderate alcohol consumption and also
referred to by international nutrition guidelines. The purpose
was to determine whether study outcome was associated with
the funding source.

Methods
Selection of meta-analyses
The study was based on meta-analyses investigating the effect
of alcohol consumption on several health outcomes that are
referred to by several international guidelines on alcohol,
including the Dutch nutrition guidelines on alcohol (13), the
Report of the Dietary Guidelines Advisory Committee on the
Dietary Guidelines of Americans (14), Australian guidelines
to reduce health risks from drinking alcohol (15), Nordic
Nutrition Recommendation (16), and Santé publique France
(17). An additional manual search was performed to find
recently published meta-analyses that were not yet included
in the guidelines. When a more recent meta-analysis for a
specific health outcome was found, the initial and recently
published meta-analyses were compared with respect to the

included individual studies. In case of limited overlap in
included studies, both the initial and more recent meta-
analysis were taken into account. When the more recently
published meta-analysis included the same studies as the
initial meta-analysis, plus additional recent studies, only the
recently published meta-analysis was included. In this case,
the recent meta-analysis was seen as an “update” of the initial
meta-analysis. A flow diagram of the study selection and
identification process is provided in Figure 1.

Health outcomes
The meta-analyses retrieved from the guidelines focused
on several health outcomes, including all-cause mortality
(18); cancer (breast, colorectal, esophageal squamous cell
carcinoma, liver, larynx, oral cavity, and pharynx) (19); CVD,
CHD, and stroke (20); dementia (21, 22); and type 2 diabetes
(23, 24). The inclusion and exclusion criteria of these meta-
analyses are given in Supplemental Table 1. The outcome
variables for CVD, CHD, and stroke were divided into 2
categories, incidence and mortality. The measures presented
in the original articles were used; these can be HR, HR ratio
(HRR), incidence rate ratio (IRR), OR, or RR. The majority
of the measures were RRs, and other effect estimates used in
the original publications were interpreted to reflect RRs (25,
26).

The included meta-analyses were published between 2006
and 2017, and the publication year of the original research
articles derived from the meta-analyses ranged between 1961
and 2016.

Data collection
All individual studies within the meta-analyses were exam-
ined. From each study, the funding source and information
on conflict of interest were obtained from the original article.
When for a certain health outcome none of the original
studies were funded by the alcohol industry, no further data
were obtained from these studies and this health outcome
was excluded from further analysis. For the health outcomes
where ≥1 study was funded by the alcohol industry, the
following data were collected: first author, year of publication,
study design, gender and number of study subjects, the
most adjusted outcome measures for moderate alcohol
consumption, and corresponding 95% CI. The current study
focused on moderate alcohol consumption, defined as 10,
20, or 15 g alcohol/d for, respectively, women, men, and
both sexes combined. The outcome measures obtained from
each study were based on this definition of moderate alcohol
consumption. Because some studies expressed the alcohol
consumption in different units, milliliters and ounces were
converted to grams of alcohol by the following conversion
factors: 1 mL = 0.789 g and 1 oz = 28.350 g. When alcohol
consumption was expressed in drinks, units, or servings,
1 of each of these expressions was considered equivalent
to 10 g of alcohol. Besides different alcohol intake levels,
in some of the articles the data were stratified for other
characteristics of the study population. In case of additional
stratification of disease (e.g., colon and rectal cancer in case of
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FIGURE 1 Flow diagram of the study selection and identification process.
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colorectal cancer), either the most prevalent disease outcome,
the disease outcome most similar to other end points,
or the least stratified option (e.g., colorectal cancer) was
included in the analysis. In case of separate effect estimates
for the time point at which alcohol intake was determined
(e.g., baseline, updated/recent, or lifetime alcohol intake),
lifetime alcohol intake was obtained as first choice. If not
available, updated/recent alcohol intake was obtained. For
stratification based on other factors, for each individual study
the effect estimate for the largest subgroup was obtained. For
stratification of gender, the effect estimates for both men and
women were obtained. See Supplemental Tables 2–23 for all
the collected data.

Studies were excluded from further analysis when: 1) no
effect estimate and corresponding 95% CI could be derived
from the publication; 2) the risk of alcohol consumption
for a certain health outcome was only given for heavy
drinkers; 3) the control group was not a representation
of a “healthy” population; and 4) the full text was not
available in English (Figure 1). With respect to source of
funding, when this information could not be derived from
the study, the corresponding author was approached by e-
mail if correspondence details were available or could be
tracked.

Data processing
For each individual study within every meta-analysis, cat-
egories were defined for funding source and the presence
of conflict of interest. The categorization was double-
checked by 1 of the other authors. Any disagreement was
resolved by discussion. Based on funding source, each study
was categorized in 1 of the following categories: “alcohol
industry,” “not alcohol industry,” and “unknown.” “Not
alcohol industry” was further specified in “other industry,”
“government,” “nongovernmental organization (NGO),” and
“both government and NGO.” Studies sponsored by both the
alcohol industry and another source were labeled as “alcohol
industry.” Studies funded by both another industry and the
government or an NGO were labeled as “other industry.”
When no information on funding source was provided in
the study and no response by e-mail was given, the study
was categorized as “unknown.” Regarding conflict of interest,
each study was categorized into “conflict,” “no conflict,” or
“unknown.” When a study declared a conflict of interest,
meaning that 1 of the authors was affiliated or had received
funding in the past from the alcohol industry, the study was
labeled as “conflict.” When the study declared having no
conflict of interest, the study was categorized as “no conflict.”
In case no information on conflict of interest was provided,
it was categorized as “unknown.”

Statistical analysis
The complete statistical analysis was conducted by using R
3.6.2 (27). Effect estimates and/or corresponding 95%CIs
could not be retrieved directly from 36 studies. For 15 of these
studies, these measures could be calculated indirectly using
available data in the publication using the epitools package

(28). See footnotes in Supplemental Tables 16–23 for the
concerned studies. The dmetar (29), meta (30), and metafor
(31) packages were used for the calculation of the SE and for
the different analyses. To calculate the pooled RR, a random-
effects model was used for every health outcome per study
population (men, women, both sexes) (30), for which sub
datasets were created accordingly. In these random-effects
models the Sidik and Jonkman estimator was used as τ 2

(32). The level of statistical significance was set at a 2-sided
P value <0.05. The Q and I2 statistics were estimated to
indicate any substantial between-study heterogeneity and its
significance. In the subgroup analyses, the between-subgroup
heterogeneity (Q) was estimated (29). For the metaregression
a mixed-effects model was applied with funding source as
factor added to the model. From the model the indicators of
the unaccounted variability (I2) and the accounted variability
(explained by the model, R2) were estimated. Additionally, a
test for moderators was conducted, hereby the QM statistic
(with corresponding P value, level of statistical significance
set at P < 0.05), which indicates to what extent the factor
funding source is the source that explains the accounted
variance of the model was estimated (30, 31). The devtools
(33) and tidyverse (34) packages were used as supplementary
packages.

Finally, 2 sensitivity analyses were conducted. Decisions
for the sensitivity analyses were based on an influence
analysis. This influence analysis was done using the meta
(30) package. The primary sensitivity analysis omitted
outliers with significant influence; significance was based
on the formulas DFFITS >3 x

√
(p/k-p) and hat >3 x

p/k (35). The secondary sensitivity analysis excluded both
significant and debatable outliers; debatable outliers are
regarded as influential based on the context of the sub
dataset (35).

Results
This investigation included 5 meta-analyses obtained from
international guidelines on alcohol, supplemented with 2
more recent meta-analyses. In total, 14 different health
outcomes were assessed. The 7 meta-analyses included
386 unique articles, from which 44 articles reported on
>1 health outcome, resulting in 452 nonunique articles
(Figure 1). Funding of the alcohol industry was declared in
21 articles (5.4%), 309 articles (80.1%) were not funded by
the alcohol industry, and for 56 articles (14.5%) the funding
source was neither mentioned in the article nor provided
via personal correspondence with the authors (Table 1).
Regarding conflict of interest, 71 studies (18.4%) provided
information on conflict of interest and 315 did not (81.6%).
From the 71 studies, 2 studies reported a conflict of interest
with the alcohol industry and the other 69 declared having
no conflict of interest. Recently published studies, that is,
<10 y ago, declared funding source and conflict of interest
more often compared with articles published >10 y ago
(Supplemental Table 24).
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TABLE 1 Funding source per health outcome1

Health outcome Alcohol industry, n (%) Non–alcohol industry, n (%) Unknown, n (%) All, n

All studies2 21 (5.4) 309 (80.1) 56 (14.5) 386
All-cause mortality 3 (8.8) 26 (76.5) 5 (14.7) 34
CVD mortality 4 (19.0) 14 (66.7) 3 (14.3) 21
CHD mortality 3 (9.4) 24 (75.0) 5 (15.6) 32
Incident CHD 2 (7.1) 23 (82.1) 3 (10.7) 28
Stroke mortality 0 7 (70.0) 3 (30.0) 10
Incident stroke 1 (5.9) 13 (76.5) 3 (17.6) 17
Breast cancer 7 (6.4) 91 (82.7) 12 (10.9) 110
Colorectal cancer 4 (7.4) 39 (72.2) 11 (20.4) 54
Esophageal cancer 0 21 (77.8) 6 (22.2) 27
Liver cancer 0 18 (90.0) 2 (10.0) 20
Larynx cancer 0 11 (84.6) 2 (15.4) 13
Oral cavity and pharynx
cancer

0 17 (73.9) 6 (26.1) 23

Dementia 0 20 (90.9) 2 (9.1) 22
Type 2 diabetes 1 (2.4) 35 (85.4) 5 (12.2) 41

1CHD, coronary heart disease; CVD, cardiovascular disease.
2The sum of health outcomes does not add up to “all studies,” because multiple studies have reported >1 health outcome.

Health outcomes
For several health outcomes, none of the studies declared
funding by the alcohol industry. This was the case for 6 of
14 health outcomes (stroke mortality, esophageal cancer, liver
cancer, larynx cancer, oral cavity and pharynx cancer, and
dementia) (Table 1 and Supplemental Tables 2–15). For the
other 8 health outcomes, ≥1 study was funded by the alcohol
industry and further data were collected for 407 nonunique
articles (Figure 1). A total of 25 nonunique articles were
excluded because they did not meet the inclusion criteria.
Twenty-eight articles reported on >1 health outcome. An-
other 70 articles reported on multiple study populations.
Accordingly, 284 unique articles were included.

Pooling of the effect estimates
A pooled effect estimate for every sub dataset was esti-
mated to obtain an indication of the overall association
between moderate alcohol intake and the health outcome.
A moderate-to-large between-study heterogeneity (25% ≤
I2 ≥ 100%) was found in 13 of the 22 sub datasets. In 12 of
these sub datasets the Q statistic was significant. In general,
a protective association between moderate alcohol intake
and the different health outcomes was observed from the
effect estimate pooling. Only for “breast cancer” was the
association harmful (RR = 1.05) and statistically significant.
More detailed results can be found in Supplemental Table
25.

Subgroup analyses
A subgroup analysis was conducted to investigate the effect
of funding source on the association between moderate
alcohol intake and the health outcome for every sub dataset.
Two of the 22 sub datasets did not contain enough studies
to be included in this step of the analysis. Only the sub
dataset “CVD mortality men” showed a significant Q statistic
(P = 0.049). This indicates that results of the subgroups

according to funding source were significantly different.
The corresponding RR values were 0.98 (P = 0.22), 0.81
(P = 0.0002), and 0.64 (P < 0.0001) for “alcohol industry
funded,” “not alcohol industry funded,” and “unknown
funding,” respectively. In the other 19 sub datasets funding
source most likely did not have an effect on the variability.
See Figure 2 for a summary overview of the subgroup
analyses. More detailed results can be found in Supplemental
Table 26 and Supplemental Figures 1–19.

Metaregression
A metaregression was conducted to investigate which level(s)
(“alcohol industry funded,” “not alcohol industry funded,”
and “unknown funding”) of the factor funding source had
an effect on the between-study variability within the sub
datasets. Five of the 22 sub datasets either did not contain
enough studies, or did not have enough studies per level to
be included in this step of the analysis. Funding source is
tested as a factor in all mixed-effects models. Only the model
of sub dataset “CVD mortality men” suggested substantial
accounted variability (R2 = 42.75%). In this sub dataset the
level “unknown funding” was the only significant factor level.

These findings suggest that the factor funding, and
especially the level “alcohol industry funded” and “not
alcohol industry funded,” does not explain the accounted
variance of the corresponding models in each sub dataset. For
more detailed results see Supplemental Table 27.

Sensitivity analysis
In the primary sensitivity analysis 4 influential outliers (all
not alcohol industry–funded studies) were removed from the
analysis. For the secondary analysis, an additional 43 studies
detected as debatable outliers were excluded (2 studies
funded by the alcohol industry, 35 studies not funded by the
alcohol industry, and 6 studies with unknown funding). Nei-
ther sensitivity analysis showed different results compared
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FIGURE 2 Summary overview of the subgroup analyses on the influence of funding source on the RR of different health outcomes due
to moderate alcohol consumption. Data are presented as the average RR with 95% CI according to the random effects model. P values
refer to the difference in RR among funding sources per health outcome. I2 is presented in percentages and indicates the level of
between-study heterogeneity. ∗Statistically significant, P <0.05. CHD, coronary heart disease; CVD, cardiovascular disease.

with the initial analysis (data not shown), indicating that
deviating studies did not change outcomes and conclusions
of this study.

Discussion
To the best of our knowledge, the current study is the first to
examine the association between funding source and study
outcomes in observational studies focusing on moderate
alcohol consumption and various health outcomes. In total
386 articles were investigated, of which 21 studies (5.4%)
were funded by the alcohol industry, 309 studies (80.1%) were
not funded by the alcohol industry, and for the remaining
56 studies (14.5%) the funding source was unknown. Based
on this selection of observational studies the association
between moderate alcohol consumption and different health
outcomes does not seem to be related to funding source.

The findings of the present study are not in line with
similar studies investigating funding bias in pharmaceutical
and nutrition research. As stated earlier, potential funding
bias has been identified for studies of SSBs, nonalcoholic
drinks, and the fat substitute olestra. In the current study,
no differences were observed between observational studies

funded by the alcohol industry and ones not funded
by the alcohol industry. This could be due to the low
number of observations for alcohol industry–funded studies.
Furthermore, the present study only assessed the effect of
funding with regard to moderate alcohol consumption (10–
20 g/d). It remains unknown to what extend alcohol industry
funding affects observational research in terms of heavy
drinking.

Interestingly, the alcohol industry has funded research
not only on health outcomes positively associated with
moderate alcohol consumption (such as CHD and type 2
diabetes), but also on health outcomes negatively associated
with alcohol consumption, including breast and colorectal
cancer. This at least suggests that there is no bias in the
selection of research topics for studies funded by the alcohol
industry. For the 6 health outcomes for which none of the
studies declared alcohol industry funding, it could be that
the alcohol industry intentionally avoids funding these areas
of research because of a well-established harmful impact.
However, this does not seem to be the case; moderate alcohol
consumption compared with alcohol abstinence is associated
with a reduced risk of stroke mortality (20) and dementia
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(21, 22), no difference in risk for liver cancer and larynx
cancer, and an increased risk for esophageal squamous cell
carcinoma and oral cavity and pharynx cancer (19).

Of 386 studies investigated, funding source could be
determined for 330 studies (85.5%). This percentage is high
compared with other investigations focusing on sponsorship
bias in nutrition research. For example, funding source could
be derived in 54% and 76% of included studies when investi-
gating the role of industry funding in studies of nonalcoholic
drinks (10) and infant formula (36), respectively.

In contrast to the funding source, the majority of the
studies (n = 315; 81.6%) did not disclose information on
conflict of interest. The disclosure of conflict of interest has
become more common in the last 10 y. Because the majority
of the selected studies, 291 of 386 (75%), were published
before 2007, this might explain the low percentage of conflict
of interest disclosures. Among the studies that did disclose
information on conflict of interest, only 2 of 71 declared a
conflict of interest with the alcohol industry. Due to the lack
of available data from the articles on potential conflicts of
interest and the low number of conflicts of interest with the
alcohol industry, this factor is not further explored in the
current study.

The findings from our analysis should be considered in
light of its limitations. First, our method to select individual
studies did not meet the guidelines for meta-analyses, which
include a rigorous process of literature search (37) and an
updated search within 12 mo of publication (38). Instead
we focused on meta-analyses referred to by several interna-
tional guidelines, with an additional manual search to find
more recent meta-analyses. Only the observational studies
included in these meta-analyses were used for our research.
This might have led to bias and therefore the conclusion can
only be made for those studies included in these specific
meta-analyses. Second, information on research funding was
obtained by extracting funding information from the article
or by e-mail correspondence. Current or past relationship
of any (co-)author or institute with the alcohol industry
cannot be ruled out. Third, this study only focused on data
presented in the articles. The formulation of the results and
conclusions in text could deviate between studies funded
and not funded by the alcohol industry. Fourth, it could
also be possible that observational studies funded by the
alcohol industry reporting unfavorable results are less often
submitted for publication and hence produce publication
bias. Furthermore, there could be additional original research
articles published that were not included in the meta-
analyses because they did not fit the specific criteria of
the meta-analysis, or because for a specific health outcome
insufficient data were available for a meta-analysis to esti-
mate the summary effect. Moreover, a quality assessment
of the individual studies used in this analysis was not
performed. However, scientific experts who are responsible
for formulating national dietary guidelines selected these
meta-analyses based on the quality of the research. Finally,
the current research only investigated the effect of alcohol
industry funding on outcomes of observational studies.

Future research should also focus on the impact of alcohol
industry funding in intervention studies.

In conclusion, only a small proportion of observational
studies in meta-analyses, referred to by several international
alcohol guidelines, are funded by the alcohol industry. Based
on this selection of observational studies the association
between moderate alcohol consumption and different health
outcomes does not seem to be related to funding source.
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