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Abstract
Objective: The present study aims to examine the relationship between
study funding sources, author conflicts of interest (COI) and conclusions in
studies supporting vitamin D and Ca intake cited in bone health guideline
recommendations.
Design: Cross-sectional
Setting: Forty-seven global bone health guidelines with vitamin D and/or Ca
recommendations for adults aged 40 years and above.
Participants: The evidence cited to support the recommendations was extracted
by two independent reviewers and classified by type of recommendation, article
characteristics, study design, types of funding sources and conflict of interest (COI)
disclosure and direction of study conclusions.
Results: Of 156 articles cited to support the bone health recommendations,
120 (77 %) disclosed a funding source, and 43 (28 %) declared that at least one
author had a COI. Compared with articles with non-commercial or no funding
source, those funded by commercial sponsors tended to have a study conclusion
favourable towards vitamin D/Ca (relative risk (95 % CI): 1·32 (0·94, 1·87),
P= 0·16), but the association was not statistically significant (Fisher’s exact test).
Compared to those with a COI disclosure statement, articles with missing
or unclear COI disclosure were more likely to have favourable conclusions
(1·56 (1·05, 2·31), P= 0·017) (Fisher’s exact test).
Conclusion: In the evidence underpinning a sample of global bone health guide-
lines, COI disclosure was low and studies with missing or unclear COI disclosures
weremore likely to have favourable study conclusions than those with disclosures,
suggesting a need for greater transparency of COI in bone health guidelines.
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Studies in biomedical research, including those on
tobacco(1), drugs or medical devices(2,3) have found that
industry funding sources and/or author financial conflicts
of interest (COI) are positively associated with research
outcomes that favour the products of the sponsoring
industry(2–6). Additionally, recent studies related to foods
or nutrients also suggest that authors with industry ties
are more likely to find favourable health outcomes associ-
ated with the food or nutritional products investigated than
those without industry ties(7,8). Supplementation of vitamin
D and Ca is common in the general population and a
frequent topic in scientific literature. Previous analysis

has found strong ties between industry and academia in
Vitamin D and Ca research, suggesting a COI due to the
high profitability of Ca and vitamin D supplements(9).

Vitamin D and Ca are essential nutrients for bone health
andmaintenance(10). Our findings from a systematic review
of 47 global bone health guidelines suggested that recom-
mendations for vitamin D and Ca vary substantially across
the guidelines(11). Furthermore, there has been increasing
use of vitamin D(12) and Ca supplements(13), as well as
increased testing of serum 25 hydroxyvitamin D (25(OH)
D) in the past 20 years, even among populations where
sufficient vitamin D levels were found(14), and government
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policies restricted vitamin D testing to high-risk groups(15)

and concerns about toxicity(16). Using serum 25 hydroxyvi-
tamin D (25(OH)D) cut-offs as a basis for recommending
supplementation is further compromised by the lack of
standardised vitamin D measures(17). Increased non-
standardised testing and unnecessary recommendations
for supplement intake may contribute to the overdiagnosis
and overtreatment of vitamin D deficiency, which arguably
is driven by commercial players.

Few studies have quantified the relationship between
funding sources and/or authors’COI and study conclusions
among studies focused on the bone health benefits of
vitamin D or Ca. For example, one study focusing on nine-
teen randomised controlled trials of Ca supplementation in
children found that most of the studies (n 16) were industry
funded andmost had findings in favour of supplementation
(n 16), and was thus not able to detect a statistical associ-
ation between funding source and study outcome(18).
We hypothesised that studies with commercial funding
sources and/or COI related to commercial industries would
bemore likely to have conclusions supporting the intake of
vitamin D and/or Ca supplements and fortified foods,
as compared with studies with non-commercial funding.
These relationships would provide insights into the
potential influence of these financial ties on vitamin D
and Ca research, and further support the importance of
transparency in funding and COI disclosure in evidence-
based guidelines.

Methods

We conducted a cross-sectional study of articles cited in
bone health guideline recommendations.

Protocol and registration
This study examines articles that were cited in bone health
guidelines identified in published systematic review(11).
The peer-reviewed protocol for this systematic review
was published(19) and registered in PROSPERO (registra-
tion number: CRD42019126452) in March 2019.

Data sources
As described in our protocol, bone health guidelines were
identified by searching MEDLINE (via OVID), EMBASE
(via OVID), CINAHL (via EBSCO), Practice-Based
Evidence in Nutrition, National Guideline Clearinghouse
(by Agency for Healthcare Research and Quality,
AHRQ), NICE, Guidelines International Network (GIN)
and the website of the International Osteoporosis
Foundation in March 2019 for guidelines published from
1 January 2009 to 28 February 2019. We identified forty-
seven guidelines for inclusion in the systematic review of
guidelines(11).

For this study, two authors independently extracted cita-
tions of articles referenced as evidence underpinning
vitamin D and Ca recommendations from the forty-seven
global bone health guidelines published between 2009
and February 2019. Articles referenced to support recom-
mendations in the guidelines were screened; duplicates,
non-English language papers and studies that did not
directly assess vitamin D or Ca were excluded (see Fig. 1).

Data extraction
Full texts were retrieved for data extraction. Any discrepan-
cies in the data extracted from the studies were resolved by
discussion or through consultation with the senior author.

Using a pilot-tested data extraction form on the Research
Electronic Data Capture (REDCap)(20) hosted at The
University of Sydney, two reviewers independently
extracted data from the full text of each piece of evidence
cited in the guidelines. Table 1 shows the type of data
collected in each of the following categories: article charac-
teristics, type of guideline recommendation, study design,
funding source disclosure, author COI disclosure, types of
funding source and author COI and study conclusions.

Coding of funder and COI information
For funding sources, we first identified whether a funding
disclosure was present or absent; if present, verbatim text
and information about the funders were extracted and cate-
gorised as commercial, non-commercial or unclear
(Table 1). In cases where the financing of the organisation
was difficult to determine, we searched the internet to
gather information on the organisation.

The entire COI declaration, if present, was extracted
verbatim.Where COI statements were not found in a desig-
nated section of the article, a search of key terms such as
‘conflict’, ‘interest’, ‘declare’, ‘disclose’, was used to locate
COI declarations in the main text. Similar to the categorisa-
tion of funders, we categorised the COI statements as: No
(explicit statement that the authors had no COI); Missing
COI declaration; Uncertain (it was not clear whether a
COI was being declared) and Declared COI (at least one
author declared a COI).

Coding of authors’ COI
Where a COI declaration was found, we extracted informa-
tion about each of the authors for whom a COI was
declared. Author information extracted included Name
and Author Order (for example, 1st, 2nd, 3rd : : : Last).
We counted the number of authors that declared commer-
cial COI, no COI or did not have a disclosure, using the
approach mentioned above.

Classification of study conclusions
Study conclusions were extracted from the full text of the
article, for example, in the discussion or conclusion section
(as opposed to abstracts). Where one or more conclusions
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favoured the intervention or exposure investigated in the
study, we classified the article as having a favourable study
conclusion. Where the conclusion recommended against
an intervention or exposure, we classified this as unfavour-
able. Neutral conclusions were classified as those which
did not clearly conclude in either a favourable or unfavour-
able direction. We combined unfavourable and neutral
conclusions as one category for analysis.

Data synthesis and analysis
Descriptive statistics were used to summarise article char-
acteristics by funding source and author COI. We assessed
the relationship of presence of funding and COI disclo-
sures, and types of funding or COI with the direction of
a study conclusion (i.e. favourable towards the intervention
being tested or not), using the Fisher’s exact test to estimate
relative risk (RR) (95 % CI) and test of significance. We used
Fisher’s exact test because of the small sample size.
Specifically, we analysed the following relationships:
(1) funding disclosure, (2) type of funding category,
(3) COI disclosure and (4)Missing or unclear COI statement
v. presence of COI. Our primary outcome was defined as a
study conclusion in favour of vitamin D and/or Ca.

Our primary analyses examining the association of
funding source and COI with article conclusions was the
entire sample of articles cited to support the recommenda-
tions (n 156). We performed a sensitivity analysis limited to
the sample of studies focusing on vitamin D and/or Ca

supplements (n 103). As we observed variability in the
journal impact factors and citation rates for the articles in
our sample, we also conducted a post hoc analysis of the
association of journal impact factor and study citation with
study conclusion, disclosure of funding source and disclo-
sure of COI for the full sample (n 156). A two-sided P-value
less than 0·05 was considered statistically significant. All
data analyses were conducted in SAS 9·4.

Results

Among the 422 articles cited as evidence for recommenda-
tions of vitamin D and/or Ca in the 47 bone health guide-
lines, we included a final sample of 156 articles (Fig. 1).

Article characteristics
Characteristics of all included articles (n 156) are described
in Table 2. The publication period spans from 1985 to 2018.
The mean 5-year impact factor is 15·7, with 53/156 articles
(34 %) coming from journals with an impact factor between
19·658 and 59·245. Two-thirds of the articles (104/156)
have over 100 citations, and one-third (52/156) have been
cited between 338 and 851 times. Thirty-nine (39/156,
27 %) articles are systematic reviews; 49 (49/156, 31 %)
are randomised control trials (RCT). Over 75 % (120/156)
of the articles disclose funding sources, while 19 %
(29/156) do not have a statement disclosing funding

Records identified as cited evidence for recommendations of
vitamin D and/or calcium in 47 global bone health guidelines

(n 422)  

Records after duplicates removed
(n 161)

Records screened
(n 161)

Full-text articles
assessed for eligibility

(n 161) 

Full-text articles excluded (n 5):
Not in English (n 2)
Modelling study (n 1)
Duplicates (n 2) 

Articles included in
quantitative analysis

(n 156)  

Fig. 1 Flow chart of study selection
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sources. Around 40 % of the articles (62/156) explicitly state
that the authors have no COI, while 31 % (49/156) do not
have a COI declaration of any sort. The majority of articles
(66 %, 103/156) were cited to support recommendations
for use of Ca or vitamin D supplements. As shown in
Table 2, the characteristics of the subset of articles on
supplements (n 103) were similar to the full sample.

Sources of funding and COI are described in Table 3.
Among the articles that declared any kind of funding source
(n 120), 34 (28·3 %) declared receiving partial or full
funding from commercial sponsors, and 113 (94·2 %)
declared non-commercial sources. Pharmaceutical compa-
nies were themajor commercial sponsors (18 of 120 articles

(15·0 %)), and governments were the major non-commer-
cial sponsors (79 of 120 (65·8 %) articles). Among the
authors that declared any kind of COI (n 140), 139
(99·3 %) declared at least one commercial COI, and 44
(31·4 %) declared at least one non-commercial COI.
Pharmaceutical industry sources were the most common
commercial COI (97 of 139 (69·8 %) authors), and univer-
sity sources were the most common non-commercial COI
(29 of 44 (65·9 %) authors).

There were a number of funding sources and COI that
did not fit into our established categories or were
ambiguous. These included funding entities such as
boards, professional societies, councils and ‘alliances’ that
appeared to be affiliated with industry but claimed to be
non-profit. Examples for ‘unclear’ or ‘other commercial’
funders are shown in Appendix 1.

Association between funding source/author COI
and study conclusion
Of 156 included articles, 76 (48·7 %) had conclusions that
we classified as favourable towards the use of vitamin D
or Ca (Table 4). Articles that disclosed any funding source
(n 120), compared with articles that disclosed they had no
funding, or had a missing or unclear funding source (n 36),
weremore likely to have conclusions in favour of vitamin D
or Ca (RR: 1·45 (0·91, 2·32), P= 0·09), although the differ-
ence was not statistically significant. Articles that were spon-
sored by a commercial organisation (n 34), compared with
articles that were sponsored by non-commercial funders or
those without funding source (n 90), tended to have conclu-
sions in favour of vitamin D/Ca (RR: 1·32 (0·94, 1·87),
P= 0·16), but these results are not statistically significant.

As shown in Table 4, articles with a missing or unclear
COI disclosure had a 0·4-fold higher risk of having a favour-
able conclusion compared with those that declared no
COI (RR: 1·39 (0·98,1·96), P= 0·09). The likelihood of
having a favourable conclusion was even higher when
we compared studies with missing or unclear COI disclo-
sures with those with presence of a COI disclosure state-
ment (RR: 1·56 (1·05, 2·31), P= 0·017).

Sensitivity analyses were conducted by limiting the
analyses to the studies focusing on vitamin D/Ca
supplements (n 103). We found results similar to those
of the whole sample (online supplementary material,
Supplemental Table 1).

The analysis of the association of journal impact factors
and studies’ citations with (1) study conclusion, (2) disclo-
sure of funding source and (3) disclosure of COI (online
supplementary material, Supplemental Table 2) shows that
a higher impact factor or higher citations was associated
with a higher likelihood of disclosed funding source
(P< 0·05). However, study citation was inversely associ-
atedwith disclosure of COI (P< 0·05). There was no signifi-
cant association of journal impact factor or article citations
with conclusions favouring the intervention.

Table 1 Data extraction elements

Category Items

Article characteristics Names and numbers of
authors

Title of study
Year of publication
Published journal
5-year journal impact factor
Number of times article is
cited

Types of guideline
recommendation

Dietary vitamin D
Vitamin D supplements
Recommended serum
25(OH)D level

Vitamin D from sun exposure
Dietary Ca
Ca supplements

Study design Randomised control trial
(RCT) Non-randomised trial

Cohort study
Cross-sectional study
Case control study
Systematic review of RCT
Systematic review of
non-RCT

Others (e.g. opinion,
commentary, editorial,
narrative review)

Funding source disclosure Disclosed funding source
Disclosed no funding source
Disclosure missing
Unclear

Author conflict of interest (COI)
disclosure

No COI (explicitly stating
none)

Missing COI declaration
Uncertain
Declared COI in at least one
author

Funding source/COI by
commercial funding category

Supplement
Pharmaceutical
Dairy
Food
Non-dairy
Tanning industry
Other

Funding source/COI by non-
commercial funding category

University
Government
Other non-profit
Charity/philanthropic
organisation

Direction of study conclusion Favourable to vitamin D/Ca
Unfavourable to vitamin D/Ca
Neutral about vitamin D/Ca
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Discussion

Main findings
In a set of 156 articles underpinning vitamin D and Ca
recommendations in 47 bone health guidelines, more than
31 % (49/156) of articles were missing an author COI
declaration and 19 % (29/156) were missing funding
disclosures. The majority of disclosed commercial funding
sources (18/34) and COI (97/139) were with the pharma-
ceutical industry. Although we did not find a significant
association between the specific commercial sponsors
and article conclusions that favoured the sponsor’s
product, we found that articles with missing or unclear
author COI disclosures were more likely to have study
conclusions in favour of vitamin D or Ca compared with
studies with a COI disclosure statement.

The majority of the recommendations in the bone
guidelines promoted the use of vitamin D and Ca
supplements rather than sunlight or food sources of
vitamin D and Ca(11). Thus, it is not surprising that the
pharmaceutical and supplement industries were the
major commercial sponsors or COI among studies that
had disclosures.

Implications/context of other research

Lack of transparency
Our findings suggest that a lack of transparency about
funding sources and COI in research on vitamin D and
Ca characterises the evidence underlying recommenda-
tions promoting vitamin D or Ca for bone health. The lack
of disclosure is particularly problematic given that most
of the articles are systematic reviews or randomised
controlled trials. Articles from journals with higher impact
factors were more likely to have funding disclosures,
suggesting that the higher impact journals may have more
stringent policies or enforcement regarding disclosure of
funding sources. However, all journals in the sample
needed improvement in COI disclosure.

The finding that a lack of disclosure is associated with
study conclusions that favour vitamin D and Ca suggests
that there may be undisclosed contributors to bias in these
studies. Consistent with our findings, Cherla and colleagues
described a similar relationship between medical research
articles with partially or undisclosed COI and favourable
study conclusions, compared with those with an explicit
statement of no COI(21). In a study examining the

Table 2 Characteristics of articles cited as evidence to support vitamin D and/or Ca recommendations in forty-seven bone health guidelines

All (n 156)
Articles on vitamin D/Ca
supplements (n 103)

n % n %

Publication year
1985–2009 85 54·5 58 56·3
2010–2018 71 45·5 45 43·7

Journal 5-year impact factor*
Low: 3·485 (3·285–3·917) 51 32·7 27 26·2
Medium: 5·985 (5·879–7·831) 52 33·3 30 29·1
High: 27·997 (19·658–59·245) 53 34·0 46 44·7

Frequency of citations*
Low: Tertile 1: 34·5 (19–53) 52 33·3 34 33·0
Medium: Tertile 2: 138 (105–192) 52 33·3 35 34·0
High: Tertile 3: 523·5 (338·5–851·2) 52 33·3 34 33·0

Study design
RCT 49 31·4 44 43·6
Non-randomised trial 2 1·3 1 0·99
Cohort study 19 12·2 7 6·9
Cross-sectional study 18 11·5 6 5·9
Case control study 1 0·6 1 0·99
Systematic review of RCT 36 25 32 31·1
Systematic review of non-RCT 3 1·9 1 0·99
Commentary/editorial/narrative review 28 17·9 11 10·7

Funding disclosure
Missing 29 18·6 15 14·6
Yes, disclosed funding sources 120 76·9 85 82·5
Yes, disclosed no funding 4 2·6 3 2·9
Unclear 3 1·9 0

COI disclosure
No (explicitly stating no COI) 62 39·7 37 35·9
Missing COI declaration 49 31·4 35 34·0
Unclear 2 1·3 2 1·9
Declared COI in at least one author 43 27·6 29 28·2

RCT, randomised control trial; COI, conflicts of interest.
*Tertiles are expressed as median (interquartile range).
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association of financial links to the indoor tanning industry
and conclusions of published studies on indoor tanning, an
absence of a COI declaration or funding statement was
considered the same as an active declaration of no conflicts
or funding(4). We argue that distinguishing between explicit
declarations of no COI and missing COI declarations is
important in order to transparently evaluate the potential
impact of COI on study conclusions.

Transparency of funding and COI in bone health
research is further obfuscated by industry support for
not-for-profit organisations(9). For example, we identified
certain funding entities such as boards, professional soci-
eties, councils and ‘alliances’ that appear to be affiliated
with industry but claimed to be non-profit. These examples
include: the ‘National Dairy Promotion and Research
Board’ (while this body sits under the US Department of
Agriculture, it is comprised of industry members2020)(22),
‘The Egg Nutrition Council’ (a body of experts that
provide nutrition and health information to the Australian
Egg Corporation Limited and have previously sponsored
the Dietitians Association of Australia (now Dietitians
Australia) 2121)(23), ‘The Vitamin D Society’ (a non-profit
vitamin D advocacy organisation)(4) and the ‘UV Foundation’
(non-profit arm of the Indoor Tanning Association(24).
Previous evidence has suggested a risk of bias posed by trade
associations which influenced research agendas that favour
industry interests(25). Grey and Bolland have described the
influence of non-profit advocacy organisations such as the
International Osteoporosis Foundation, which received
more than half of its sponsorship from corporate bodies with
financial interests in bone research(9).

In our study, 21 % of the author COI statements
disclosed government-related service, such as committee
service. It has been argued that such government
service does not represent a COI relevant to making
recommendations to use commercial products. Rather,
government service can be considered a demonstration
of expertise. The importance of reflexivity and relevant
reporting of conflicts have been suggested as ways to
manage commercial COI and non-commercial interests(26).
Grundy and others have proposed strategies to improve
accessibility, completeness, clarity and accuracy regarding
COI declaration to address the importance of standardised
COI reporting(27). Future research should investigate
whether disclosure of government ties is indicative of
efforts to obfuscate genuine COI. Such results could
provide insight into the extent and implications of this
practice.

Table 3 Types of funding source(s) or conflicts of interest (COI)
declared

Study funding
source(s)* n 120

Funding category n %

Commercial (n 34)
Supplement 4 3
Pharmaceutical 18 15
Dairy 5 4
Food (non-dairy) 3 2
Tanning Industry 0 0
Others 4 3
Non-commercial (n 113)
University 20 17
Government 79 66
Other non-commercial 10 8
Charity 4 3
Unclear source (n 3) 3 2

Authors declaring
COI† n 140

COI category n %
Commercial (n 139)
Supplement 4 3
Pharmaceutical 97 69
Dairy 9 6
Food (non-dairy) 3 2
Tanning Industry 3 2
Others 23 16
Non-commercial (n 44) 4 3
University 29 21
Government 8 6
Other non-commercial 0 0
Charity 3 2
Unclear source (n 3) 3 2

*Denominator is articles (n 120) that declared funding source; articles could have
multiple declared funding sources.
†Denominator is authors (n 140) that declared a COI.

Table 4 Relative risk (95% CI) for study conclusion in favour of vitamin D and/or Ca associated with funding source and conflicts of interest
(COI) disclosure

All studies (n 156) Conclusion in favour of intervention (n 76) Relative risk 95% CI P-value

Funding disclosure
Missing, unclear or no disclosure (n 36) 13 Ref
Disclosed funding sources (n 120) 63 1·45 0·91, 2·32 0·09
Type of funding category
Non-commercial (n 86) and no funding (n 4) 42 Ref
Commercial funding (n 34) 21 1·32 0·94, 1·87 0·16
Missing, or unclear funding source (n 32) 13 0·87 0·54. 1·40 0·68
COI disclosure
No COI (explicit statement) (n 62) 28 Ref
Missing or unclear COI (n 51) 32 1·39 0·98, 1·96 0·09
At least one author declared COI (n 43) 16 0·83 0·51, 1·32 0·43
Presence of COI disclosure statement (n 105) 44 Ref
Missing or unclear COI disclosure statement (n 51) 32 1·56 1·05, 2·31 0·017
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Funding of Vitamin D and Ca research
Our findings show that a large proportion of studies about
vitamin D and/or Ca interventions receive government
funding. This is encouraging as it challenges notions
that government does not adequately fund nutrition
research and that nutrition research must rely on industry
funding(28). However, the pharmaceutical industry was
found to be the main source of commercial funding and
author COI. This is problematic for two reasons. First, phar-
maceutical industry funding might stimulate researchers to
study pharmaceutical interventions rather than food- or
sun-based interventions. Thus, the pharmaceutical industry
could be driving the bone health research agenda,
and subsequent guideline recommendations, by producing
an evidence base that is oriented towards supplementa-
tion(25). Second, there is existing concern around a focus
on supplementation in relation to overprescribing and over
testing(9,29–32). For instance, the International Osteoporosis
Foundation partnered with DSM, a multi-corporation of
health, nutrition and materials and identified a global
need for vitamin D supplementation based on claims of
widespread deficiency(9,33).

Strengths and limitations
The sample of articles we selected is limited to articles that
were cited as evidence to support bone guideline recom-
mendations. As a result, this may not fully capture all
studies on the topic of bone health benefits of vitamin D
and Ca. On the other hand, this sample of articles is
currently being used to inform clinical practice and recom-
mendations of vitamin D and/or Ca and, thus, comprise a
clinically relevant and influential collection of studies
related to bone health. We relied on COI disclosed in the
published articles alone and did not further investigate
sources to reveal undisclosed funding sources. Hence,
we cannot completely rule out cases in which some authors
had incomplete or inaccurate disclosures. Low levels of
disclosure have been encountered(5,8,34,35) and demon-
strated(21,36) in other studies and point to a broader concern
regarding adherence to journal COI disclosure policies.
Low levels of disclosure also meant our sample size for
comparing types of COI was relatively small, and as such,
our analyses lacked statistical power to detect significant
differences between commercial and non-commercial
COI in relation to the direction of study conclusion.
As an earlier study also pointed out(37), large sample size
is needed to test the certainty of these results.

Conclusion

In this cross-sectional analysis of evidence underpinning
recommendations on vitamin D and Ca in global
bone health guidelines, COI disclosure is generally low.
Notably, lack of COI disclosure is associated with study

conclusions that favour intake of vitamin D and/or Ca.
These results, along with previous studies, demonstrate
the importance of transparency and standardised disclo-
sure of conflict of interest in biomedical research.
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