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Abstract: Background: A new type of foods with a health claims notification system, the Foods
with Function Claims (FFC), was introduced in Japan in April 2015. This cross-sectional study
sought to clarify compliance of clinical trial protocols reported as the scientific basis of efficacy in
the FFC system. Methods: All articles based on clinical trials published on the Consumer Affairs
Agency website from 1 July 2018 to 30 June 2021 were reviewed. Items assessed included first
author characteristics (for-profit or academia), journal name, year published, journal impact factor in
2020, article language, name of clinical trial registration (CTR), and seven compliance items (Title: T,
Participant: P, Intervention: I, Comparison: C, Outcome: O, Study design: S, and Institutional Review
Board, IRB). Among studies that conducted CTR, consistency with these seven compliance items
was evaluated. Results: Out of 136 studies that met all inclusion criteria, 103 (76%) performed CTR,
and CTR was either not performed or not specified for 33 (24%). Compliance between the protocol
and the text was high (>96%) for items P and S, but considerably lower for items T, I, C, O, and
IRB (52%, 15%, 13%, 69%, and 27%, respectively). Furthermore, 43% of protocols did not include
functional ingredients or food names in items T or I. The total score was 3.7 & 1.1 pts (out of 7).
Conclusions: Some CTs had no protocol registration, and even registered protocols were suboptimal
in transparency. In addition to selective reporting, a new problem identified was that the content of
the intervention (test food) was intentionally concealed.

Keywords: clinical trial registration; protocol; compliance; foods; randomized controlled trial

1. Introduction

The Codex Alimentarius Commission (CAC) is an intergovernmental organization
that was founded in 1962 by the Food and Agriculture Organization (FAO) and the World
Health Organization (WHO) [1]. The basic principles of CAC are that health claims should
be substantiated by currently sound and sufficient scientific evidence, provide truthful
and non-misleading information that consumers can use to choose healthy diets, and
be supported by specific consumer education [2]. In accordance with CAC guidelines,
only government-permitted Foods for Specified Health Uses (FOSHU) and foods with
nutrient function claims (FNFC) can make function claims on food labels in Japan, and
these must comply with specifications and standards designated by the government [3].
The ENFC can be used to supplement or complement the daily requirement of nutrients
(vitamins, minerals, etc.) that tend to be insufficient in an everyday diet. The FOSHU are
scientifically accepted for their usefulness in maintaining and promoting health and are
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therefore permitted to contain food effects and safety claims that have been evaluated by
the government.

In addition to these categories, a new type of foods with health claims, called Foods
with Function Claims (FFC), was introduced in April 2015 (Figure 1). The FFC allows
manufacturers to submit labeling to the Secretary-General of the Consumer Affairs Agency
(CAA) in Japan that indicates the food is expected to have a specific effect on health.
Unlike the strict evaluation criteria applied through the FOSHU and FNFC processes, the
FFC is only a notification system in which food manufacturers must meet five specific
criteria. Although the government does not evaluate the safety and effectiveness of the
submitted product, i.e., it does not utilize a notification system, the industry (applicant)
must fulfill several procedures to submit a notification. All the FFC criteria submitted by
the manufacturers are disclosed on the CCA website, which gives approval for the labeling
of food products. For a food product to claim effectiveness on its label, evidence for its
proposed function claims must be substantiated by one of two standard scientific methods:
clinical trials (CTs) such as randomized controlled trials (RCTs) or systematic reviews (SRs).
Detailed guidelines about the use of these two methods for the FFC have been published
on the CAA website [4].

i Any food labeled as a nutritional supplement , a health supplement, or \‘\‘
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Figure 1. Food labeled with certain nutritional or health functions in Japan (modified partially for
this study based on the Consumer Affairs Agency website in Japan). The new system (FFC) allows
labeling, which indicates that the food is expected to have a specific effect on health, except for
reducing the risk of diseases, through the process of submission to the Secretary-General of the
Consumer Affairs Agency in Japan.

The problem with the FFC notification system, which is the adequacy of research
reports, has been highlighted by the CAA and by research groups. The CAA examined
50 reported CTs and determined that many had inappropriate protocols and methods for
evaluating the risk of bias and also had conflicts of interest [5]. Tanemura et al. identified
problems with the reporting quality and associated issues for RCTs of the FFC [6]. There
was insufficient information on items associated with sample size, allocation and blinding,
results of outcomes and estimation, generalizability of the results, and study registration
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numbers. To protect consumers, these reports suggested that researchers should monitor
and confirm that referenced RCTs are above a certain level of quality.

Helsinki Declaration (2013) declared that “Every research study involving human
subjects must be registered in a publicly accessible database before recruitment of the first
subject” [7]. Clinical trial registration (CTR) of CTs is extremely important for promoting
transparency and integrity in medical research and helps to ensure a complete and non-
biased record of all CTs [8-11]. Recommendations for the Conduct, Reporting, Editing,
and Publication of Scholarly Work in Medical Journals by the International Committee
of Medical Journal Editors (ICMJE) require CTR of CTs in all medical journals [12]. The
purpose of CTR is to (i) prevent selective publication and selective reporting of research
outcomes, (ii) prevent unnecessary duplication of research effort, (iii) help patients and the
public know what trials are planned or ongoing into which they might want to enroll, and
(iv) help give ethics review boards considering approval of new studies a view of similar
work and data relevant to the research they are considering. Especially, selective reporting
of research outcomes (e.g., replacing secondary outcome with the primary outcome or not
defining primary outcome) could seriously mislead readers [8,10,13-15]. Considering the
limitations of the FFC notification system, we focused on compliance of CT protocols, i.e.,
consistency between registered and reported material in a CT.

The purpose of this cross-sectional study was to clarify the compliance of CT protocols
reported as the scientific basis of efficacy in the FFC system. Based on results, questions
about the following issues necessary to improve CT protocol compliance were clarified:
(i) What percentage of studies have pre-registered clinical trials? How many protocols are
available for unregistered studies? (ii) What is the degree of compliance, i.e., the degree
of consistency about PICOS* between the protocol and the description of articles? What
are the items and their characteristics that often violate the protocol? (iii) Is compliance
correlated with author characteristics (industry authors, academia authors), the year in
which the paper was published, the relationship between English and other languages, and
the journal impact factor?

2. Materials and Methods
2.1. Eligibility and Exclusion Criteria (Target Article)

All reported articles based on CTs published on the CAA website during the three
years from 1 July 2018 to 30 June 2021 were reviewed. Articles about systematic reviews
and observational studies were excluded from the review. When there were duplicated
articles, such as multiple notifications using the same article, only the first article was
adopted. There were 177 applicable notifications and 203 articles that met the first eligibility
criteria (Figure 2, Supplementary Table S1).

2.2. Data Extraction Source and Data Items

We downloaded target articles from the CAA website and also obtained protocols
from CTR described in each article. If an article noted that registration was not underway
but the protocol existed, we specified that information.

The following data items were collected: first author characteristics (company-based/
profit-based researchers, academia researchers, or other), journal name, year published,
journal impact factor (IF) in 2020, language of the article, name of CTR, and seven com-
pliance items (Title: T, Participant: P, Intervention: I, Comparison: C, Outcome: O, and
Study design: S, and Institutional Review Board, IRB). We assessed the IF according to the
Clarivate Analytics’s gate (https://jcr.clarivate.com/ (accessed on 10 November 2021)).
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Clinical trials* of the Foods with Function Claims
registered at the Consumer Affairs Agency website in
Japan (n=203)

(1 July 2018 to 30 June 2021)

Reason of exclusion

Excluded
(n=67) ; _
Overlapped reports for other notification (n= 54)
Withdrawal of notification (n=13)

Not
registered
n=33 (24%)

N

Target clinical trials (n=136) he

Registered
n=103 (76%)

Target articles for evaluating protocol compliance

Figure 2. Flow of trial process and implementation status of clinical trial registration. * Number of
notifications as Foods with Function Claims (n = 177).

One point was given if it was implemented/described, and zero points if there was no
description or there was a discrepancy between the protocol and the content described in
an article. A total of seven points were given, which was used as the quality score.

2.3. Measures and Statistical Analysis

Among the studies that conducted CTR, consistency with the above-mentioned seven
items was assessed. In addition, statistical association of each study was analyzed using
the quality score as the dependent variable and author characteristics, year of publication
(before 2017 or after 2018), language characteristics (Japanese or English), and IF as explana-
tory variables. Since the IF and quality score were not normally distributed, intergroup
comparisons were performed with the nonparametric Mann-Whitney test and shown in a
boxplot. However, in the results presented in the text, the numerical values for comparison
between groups are shown by mean =+ standard deviation for easy understanding. For the
relationship between IF and compliance score, Spearman’s rank correlation coefficient was
used.

IBM SPSS Statistics 20.0 (IBM Corporation, Armonk, NY, USA) was used for statistical
analyses. A p-value less than 0.05 was considered statistically significant.

2.4. Protocol Registration

The study methodology (protocol) was established on 4 October 2021 and partially
revised on 2 November 2021. The study was registered as UMIN 000045685 by the Univer-
sity Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR)* in Japan
(refer: https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recptno=R000052143).
However, UMIN-CTR could not register the contents of all the protocols in the input
settings, so the complete protocol was stored in an online cloud. It can be viewed from
this link: https:/ /drive.google.com/file/d/1A_p1OokEVXpisvEsoQkrkW{UtEpGI2Pq/
view?usp=sharing.

* UMIN-CTR is the largest CTR in Japan and joined the WHO registry network in
October 2008.
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3. Results

A total of 136 studies met all inclusion criteria (Figure 2, Supplementary Table S2). Of
these, 103 (76%) performed CTR, and 33 (24%) did not perform CTR or did not specify
whether or not CTR was performed. Table 1 (and Supplementary Table S1) show that
UMIN-CTR was the most used CTR in 101 (98%) of the articles. In matchings between
protocols and the articles” text, compliance items P> and S were high at 96% or greater,
but items T, I, C, O, and IRB were considerably lower (52%, 15%, 13%, 69%, and 27%,
respectively). Furthermore, 43% of the protocols did not include information on functional
ingredients or food names in items T or I. The quality score was 3.7 & 1.1 pts (out of 7), and
there was only one paper with a total score of 7 points.

Table 1. Utilized clinical trial registration and protocol compliance.

Name of Clinical Trial Registration

UMIN-CTR 101 (98%)
ANZCTR 1 (1%)
ClinicalTrials.gov 1 (1%)

Protocol item

(Number of articles with a good quality with percentage)

Title 54 (52%) **
Participant 99 (96%)

Intervention 16 (15%) **
Comparison 14 (13%)
Outcome 71 (69%)

Study design 101 (98%)
Institutional Review Board 28 (27%)

Quality score (pts) * 3.7+ 1.1[2-7]

Value: n (%). * mean = standard deviation [range]. ** No. (%) of papers with insufficient description for both title
and intervention: 44 (43%).

Eligible articles were published in 27 journals, and most (62%) were published in
2018-2019 (Table 2). The languages of eligible publications were English (55%) and Japanese
(45%). According to the affiliation classification of the first author, for-profit was 81% and
academia was 19%. Seventy-four percent of journals had no IE.

There was no significant difference (p = 0.225) in scores between the published year
categories of 20152017 (4.0 + 1.4 pts) and 2008-2021 (3.8 £ 1.2 pts) (Figure 3a). There
was also no significant difference (p = 0.743) in scores between English (3.8 £ 1.2 pts)
and Japanese (3.6 & 1.0 pts) language publications (Figure 3b). However, scores were
significantly different (p = 0.018) depending on whether the first author’s organization was
for-profit (3.5 £ 1.0 pts) or academia (4.0 £ 1.3 pts) (Figure 3c). A significant correlation
(p = 0.089) between IF and score was not found with Spearman’s rank correlation coefficient;
r = 0.370 (Figure 4).
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Table 2. Published journal’s characteristics.

Journal Name

FEFY & 7Y% /Japanese Pharmacological and Therapeutics
I3t & {13 /Medical Consultation and New Remedies
JFEEE / Pharmacometrics
Functional Foods in Health and Disease
Nutrients
Diabetes, Metabolic Syndrome and Obesity: Targets and
Therapy
Frontiers in Neuroscience
Integrative Molecular Medicine
American Journal of Geriatric Psychiatry
Applied and Environmental Microbiology
FEBEM: A dh & 5T 532 / Associate Journal of Japanese Society
for Medical Use of Functional Foods
Benefical Microbes
Biological and Pharmaceutical Bulletin
Bioscience, Biotechnology, and Biochemistry
Bioscience of Microbiota, Food and Health
Complementary Therapies in Medicine
Glycative Stress Research
International Journal of Food Sciences and Nutrition
Journal of Clinical Biochemistry and Nutrition
Journal of Dairy Science
H Axoest - frfie@2x3E/Journal of Japanese Society of
Nutrition and Food Science
Journal of Traditional and Complementary Medicine
Neurogastroenterology and Motility
Nutrition Journal
AEE A & 1 /Prepared Foods and Technology
Science Reports
Skin Pharmacology and Physiology

57 (55%)
9 (9%)
4 (4%)
4 (4%)
4 (4%)

2 (2%)
2 (2%)
2 (2%)

Common to all of the following
journals: 1 (1%)

Published year
2014-2015 1 (1%)
20162017 25 (24%)
2018-2019 64 (62%)
2020-2021 13 (13%)
Language
English 56 (55%)
Japanese 47 (45%)
Category of first author’s organization
For-profit 83 (81%)
Academia 20 (19%)
Journal’s impact factor in 2020
None (0) 76 (74%)
1.999> 4 (4%)
2.000-3.999 11 (11%)
>4.000 12 (12%)

Value: n (%).



Nutrients 2022, 14, 81 7 of 14

———— P=0.225
7i- |
6 -
- |
o]
z4
E
O3 1
2 .
1 .
0 :
-2017 2018-2021
n=26 n=77
(a)
P=0.743
7 -
6 g i
o5
o
[&]
w
Z4 1
E
S3
2 - 1
1 -
0 .
English Japanese
n=47 n=57
(b)

Figure 3. Cont.



Nutrients 2022, 14, 81 8of 14

P=0.018

~J
1

(=)
|

u

Quality score
w A

8]
|

For-profit Academia
n=83 n=20

(c)

Figure 3. (a) Quality score during the period of published year. Quality score was defined as a
sum of the seven dichotomous items. Boxplot. Mann-Whitney test. p-value less than 0.05 was
considered statistically significant. (b) Quality score between Japanese and English publications.
Quality score was defined as a sum of the seven dichotomous items. Boxplot. Mann—-Whitney test.
p-value less than 0.05 was considered statistically significant. (c) Quality score for category of first
author’s organization. Quality score was defined as a sum of the seven dichotomous items. Boxplot.
Mann-Whitney test. p-value less than 0.05 was considered statistically significant.
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Figure 4. Correlation between journal’s impact factor and quality score. Spearman’s rank correlation
coefficient. p-value less than 0.05 was considered statistically significant.
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4. Discussion

This was the first study to clarify the compliance of CT protocols of the FFC in Japan;
unfortunately, it became clear that there were still some reports in which the protocol
was not registered, or its registration status was not mentioned in the paper. Even if CTR
was implemented, many protocols were suboptimal in transparency. In addition to the
selective reporting of CTs that has been previously identified, we found that a new research
methodology problem in this field was that nearly half of CTs concealed the intervention
content (test food).

4.1. Registration of Protocol

Despite the widespread endorsement of CTR globally, CTR in FFC remains subopti-
mal, with no registration or, in many cases, unknown existence of the protocol itself (24%).
Our findings are consistent with previous studies that reported protocols were not fully
registered [16-21]. Gopal et al. [18] concluded that unregistered trials were more likely to
report favorable findings than were registered trials (89% vs. 64%, relative risk = 1.38, 95%
confidence interval = 1.20-1.58; p = 0.004). No registration or absence of the protocol
immediately creates doubt about the internal validity of results in a CT. Therefore, the
validity of target articles in this study is unknown, especially if there were protocol vio-
lations [22], which could lead to flawed conclusions based on systematic errors and/or
protocol deviations [23].

There are also few registrations in the fields of surgery [19] and addiction [20] or
for trials in a single country’s health research [21], which could be because the journal’s
regulation did not require registration as a prerequisite for submitting papers. The same
might be inferred in the field of nutrition, so journals other than ICMJE member journals
are also considered to have an urgent need to register protocols. The CTR was specified
in the CONSORT 2010 statement [24,25] and the CONSORT 2010 statement: crossover
extension [26], which describe the method for RCT reporting, and in SPIRIT 2013 [27],
which summarizes the reports of CT protocols. In spite of the existence of these early
guidelines, the oldest of the target articles in our study was published in 2015, and there
were many relatively newer reports, which suggests that the importance of registration is
not yet well understood by journals and researchers.

The FFC guideline stated that “research started within one year after the enforcement
of the FFC system may be reported in a format that does not comply with international
guidelines”. This special measure may have led to a disregard for the importance of the
protocol [4]. In the case of industry funding, there is evidence that favorable results are
more likely to be reported and that unfavorable results are difficult to report [28]. Almost
all FFC notifications were from industries, and 80% of the authors of the target papers were
affiliated with those industries, so this problem is worrisome.

4.2. Inconsistency with Protocol

There were discrepancies between registered and published primary outcomes (about
30%), which indicated there might be selective outcome reporting that has been previously
described [8,10,13-15]. Neither compliance items T nor I contained detailed information
on the test food in a quarter of the protocols. We could not even identify what the study
was. This concealment must have been to prevent other competitors from stealing the
intended food development content. In the author category, academia is not directly related
to business, and this may be supported by the fact that academia had a significantly higher
quality score than non-profit. In corporations, there are usually “trade secrets”, especially
for new products. When researchers employed by the company conduct a CT, they may
conceal the registration of contents because they recognize that the functional component
of the product is confidential. In such cases, it is meaningless that CTR exists because it is
unclear what kind of research was conducted. To remedy this situation, researchers need to
re-familiarize themselves with the four dimensions of the purpose of the ICMJE registration
policy [12].
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The IRB omissions were present in as many as three-quarters of the articles. Many
papers use UMIN-CTR, and the IRB column in this template is required as an item. All
IRB information is included in the paper, so the reason for this mis-statement is unknown.
On the other hand, there were good descriptions of items that would be convenient for
competitors to browse, namely P and S.

4.3. Impact on SRs

For a food product to claim effectiveness on the FFC’s label, evidence for its proposed
function claims must be substantiated by another standard scientific method, specifically
SRs. In fact, under the FFC system, about 90% of notifications are from SRs [4]. Previous
studies [29,30] that evaluated the quality of methodologies and reporting in SRs based
on the FFC reported that there were very poor descriptions and/or implementation of
study selection, data extraction, search strategy, evaluation methodology for risk of bias,
assessment of publication bias, and formulating conclusions based on methodological rigor
and scientific quality of the included studies.

Furthermore, when SRs contain RCTs with inappropriate and biased protocols, such
as those included in this study, the reliability of the FFC’s claim may be questionable. While
SRs exceeding the number of RCTs have been published globally [31], high-quality CTs are
required, and registration of the protocol is most essential.

4.4. Future Research Challenges to Improve the Compliance of Protocols on the FFC

Table 3 summarizes the future challenges for CTs on the health enhancement effects of
the FFC and related healthy foods. Regarding the food industry and for-profit researchers,
they should reconfirm Helsinki Declaration and ICMJE policy and study the current
standard guidelines for RCTs (i.e., CONSORT 2010 statement [24,25], CONSORT 2010
statement-crossover extension [26], and SPIRIT 2013 [27]) before research is conducted.
In fact, in Japan, all of these guidelines have been translated into Japanese [32-34] and
published for use by researchers who are unfamiliar with English. Academia researchers
at Japanese universities and national research institutes regularly take research ethics
education programs to prevent research misconduct. Such education, while not essential
for industry, transcends economic objectives and may be necessary to improve protocol
compliance.

Table 3. Future challenges to improve protocol compliance in the food-related clinical trials.

For food industry and researcher

#1 Researchers should be based on Helsinki Declaration and ICMJE policy.

# Researchers should be based on some reporting guidelines: CONSORT 2010 and its
extension, and SPIRIT 2013.

They should receive regular research ethics education, as do academia researchers at
universities and national research institutes.

#3

For regulator (e.g., Consumer Affairs Agency in Japan)

Even if notification system is based on submitter’s own responsibility, it is necessary
#4 to confirm consistency with the protocol and obtain responses to any findings about
differences or deficiencies.

For journal’s editor and peer-reviewer

They should scrutinize the information based on registration and make a decision

# on publication.

For regulators, even if they have notification systems, they should evaluate not only
the formal confirmation in the article but also any differences from or deficiencies with the
protocol. If they identify any problems, they should seek clarification from the submitter.

In regard to the journal’s editors and peer-reviewers, they should assess the consis-
tency between registration and article contents before making decisions about publication.
Prior studies indicate that these editors and reviewers often do not take advantage of the
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possibilities provided by registration [16,35-37]. For example, van Lent et al. reported that
differences between trial information specified in registries and that reported in submitted
manuscripts were not a decisive factor for manuscript rejection after initial editorial screen-
ing or after peer review [37]. As mentioned above, in food research, in addition to selective
reporting, it is essential to check the content of interventions described in the protocol.

As a new tool for promoting registration and its effective operation, a blockchain
solution using smart contracts has been proposed for managing data and process workflow
in CTs [38]. This would be a working proof-of-concept solution to address the data man-
agement, protocol compliance, transparency, and data integrity challenges in a CT. In the
future, CTR may move to such a comprehensive method.

4.5. Limitations

There were several limitations to the present study. First, we evaluated only some
items in the protocol and could not follow all items of the ICMJE registration policy. For
example, the guidelines require CTs to be publicly and prospectively registered to be con-
sidered for publication within an ICMJE member journal, i.e., investigators need to register
their trials in one of the public trial registries before enrolment of the first participant [7,12].
A recent study [39] clarified that CTs published in ICMJE member journals were highly
compliant, but prospective trial registrations were still low. Furthermore, with regard to
CTR after completion of a study, recent studies found that faster registration has become
widespread [40,41]. These two factors are important for showing transparency in registra-
tion requirements. However, because we did not set our protocol to assess for these factors,
we could not clarify their impact on our results.

Second, we focused only on CTs based on notification to the FFC in Japan (a single
country), so our finding may not necessarily be generalizable to all CTs of healthy foods. In
fact, about half of the articles in our study were written in Japanese. Third, the 133 articles
included in our study were a relatively medium sample size and limited to three years
of CTs, so we cannot be certain how representative they were of all FFC notifications to
the CAA. Fourth, a common weakness of our cross-sectional study design is that there
can be differences in quality between CTs conducted before and after the timeframe of
this study because of time lag. Our study provides only an early look at the effects of trial
registration on results and conclusions in a particular sample of registered and unregistered
trial reports. In Japan, compliance with research ethics guidelines, CONSORT 2010 and
SPIRIT 2013 has been greatly improving year by year, and new CTs after 2021 may have
improved protocol quality.

Fifth, since we didn’t use the IF of published year for each article, the use of the IF
for the year 2020 is somewhat difficult to understand about the relationship with the year
of publication of the article. Sixth, this study did not evaluate the risk of bias. Statistical
considerations for bias and protocol deviation have been previously evaluated [42], so
this becomes an issue to be addressed for the next stage of our study. Seventh, we could
not fully describe the complete list of products identified in our study (i.e., identified by
product name and food business operator’s name) because of the potential risk of civil
suits and other legal troubles.

Finally, in our research protocol, the title listed in the CTR was added as a new item
after the protocol was fixed. When we started checking each CTR, we noticed that there
was either unclear or no mention of the test food in compliance item I or in the title. This
suggests that there is a potentially significant problem if the viewer cannot understand
what kind of CT was conducted.

5. Conclusions

There were CTs for which the protocol had not been registered in the FFC, and even
the registered protocols were suboptimal in transparency. In particular, in addition to
selective reporting, a new problem identified was that the content of the intervention (test
food) was intentionally concealed.
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It is necessary to raise awareness that protocols for food-related CTs need to be
described carefully without masking specific information so that details of the research
can be recognized. Journal editors and peer reviewers in this field should scrutinize
differences between and ambiguities of the submitted manuscript and its protocol. In
addition, regulators should confirm the protocol before accepting it, even if it is included in
a notification system.
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