RESEARCH ARTICLE Open Access



http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-021-10934-2&domain=pdf
http://orcid.org/0000-0003-0785-161X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:dwikoff@toxstrategies.com

Background

Low-calorie sweeteners (LCS) are commonly defined as
food additive substances used to impart a sweet taste to
foods or in table-top sweeteners [1, 2]. Due to their no



prolonged consumption of LCS beverages by children
[10], with the exception of children with diabetes mellitus
who may occasionally substitute LCS beverages for sugar-
sweetened beverages (SSBs) when needed. AHA also ad-



development of the search syntax. As described in the
protocol, database-specific search syntax was developed
for PubMed and Embase citation databases. Syntax in-
cluded terms targeting LCS (e.g., CAS numbers and
trade names), and terms related to intake (e.g., food fre-
quency, consumption), exposure, and safety (e.g., accept-
able daily intake). The protocol, including the full
electronic search strategy, is available as Supplemental
Material.

Publications were also identified via a series of discus-
sions with stakeholders and Advisory Panel Members.
Specifically, the ILSI North America LCS Committee
and Advisory Panel Members provided input in the form
of background literature as experts in LCS research. This
literature was reviewed for context and used in valid-
ation exercises of database searches. Supplementary to
the traditional citation database searching, hand-
searching and reference harvesting were also imple-
mented by reviewing titles in the citation lists of relevant
publications. When relevant titles were identified, these
citations were added to the literature screening process
for comparison to eligibility criteria. Targeted searching
of FDA, EFSA, and JECFA websites and ToxPlanet was
also performed to obtain authoritative documents re-
lated to the derivation of individual LCS ADIs.

Study selection

Search results were de-duplicated via EndNote X9 (Clar-
ivate Analytics, PA, USA) and uploaded to the system-
atic review software DistillerSR (Evidence Partners,
Ontario, CA) for both title and abstract (TiAb) screening
and full-text review. Piloting of TiAb screening and full-
text review were performed; TiAb screening was per-
formed by two reviewers. Studies meeting all inclusion
criteria were advanced to full-text review. Full-text re-
view was performed by a single reviewer, and publica-
tions excluded at this stage were subject to a 100%
quality control (QC) screening by a second reviewer; any
resulting inclusion/exclusion conflicts were resolved by
discussion between reviewers. Screening and study selec-
tion was completed by in full by S.F., L.P., and D.W.

Data extraction and mapping
For data extraction (or charting), templates were devel-
oped in DistillerSR based on the JBI framework [14] and
included information key to informing the research ob-
jective. Following development of these templates, a sec-
ond reviewer calibration effort was implemented to
ensure reviewer consistency. These pilot exercises re-
sulted in iterative refinement of the DistillerSR form to
increase clarity and collect additional data determined to
be useful to informing the analysis.

During the pilot of the charting template and work-
flow, it became evident to the research team that further

criteria needed to be developed to account for such a
heterogeneous body of literature. As a solution, publica-
tions were evaluated for their relevance to the objective
and research question, and subsequently were catego-
rized as “directly relevant” or “contextual.” This separ-
ation also prevented collection of duplicate data, as
would be the case in a scenario where published empir-
ical data were included in a review, and both publica-



Results

Study identification and selection

During syntax development, search validation was per-
formed to inform the preciseness and sensitivity of the
search strategy. Validation studies identified by stake-
holders (n=19) were compared to the results, and syn-
tax was revised to include key terms of publications that
were not retrieved. Revisions to syntax during this effort
increased retrieval from 58% (11/19) to 89% (17/19), and



intakes derived using these methods, and comparing
them to an ADI, are included for acesulfame, aspartame,
cyclamate, neotame, steviols, saccharin, and sucralose to
an ADI. No EE studies that included intakes for advan-






children to teenagers (19%), adults only (25%), and all
ages included (47%). In the case that a study population
spanned two of these categories, it was placed in which-
ever range included the majority of the participant ages.

LCS:ADI comparison



intake was then compared to the ADI to assess any po-
tential risks. The remainder of the evidence base, Met
and AE studies, used the ADI in a manner that was rea-
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