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Low-energy sweeteners and cardiometabolic health: is there method

in the madness?
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Excess intake of sugars has been singled out as a primary
driver in the dual epidemics of obesity and diabetes and
its downstream cardiometabolic complications (1). Low-energy
sweeteners (LESs) provide an alternate strategy for displacing
excess calories from sugars in the diet while maintaining sweet
taste. Despite safety approvals by major health and regulatory
bodies (FDA, the Joint FAO/WHO Expert Committee on Food
Additives, the European Food Safety Authority, and Health
Canada) (2-5) from the standpoint of toxicology, there has been
emerging concern that LESs might not have the intended benefits
and could even increase the risk of the cardiometabolic diseases
that they are intended to reduce. These concerns are largely driven
by adverse signals for obesity, metabolic syndrome, diabetes, and
coronary heart disease in prospective cohort studies (6, 7), signals
that are well understood to be at high risk of reverse causality
8.,9).

Several acute mechanisms provide biological plausibility to
support the signals of harm seen in the prospective cohort studies.
Much of the attention has focused on the acute metabolic and
endocrine responses to LESs, by which LESs act upon intestinal
sweet taste receptors leading to impaired postprandial release of
glucagon-like peptide 1 and insulin (10, 11). Other mechanisms
include the uncoupling of sweet taste and delivery of calories
(12), alterations in gut microbiota (13), and adaptive changes in
taste preference (14). Whether these mechanisms are operational
under real-world intakes across different food matrices and
contribute to increased risk of cardiometabolic complications is
unclear. Many of these mechanisms have been questioned for
their veracity in humans (15) and clinical relevance (16).

Important Methodological and Design Issues

Addressing these mechanisms requires careful consideration
of key methodological and design issues. One consideration is the
food matrix and pattern of intake. Is the LES consumed without
any other sources of calories (e.g., an LES-sweetened beverage
consumed alone for hydration between meals) or in combination
with calories (e.g., an LES-sweetened beverage consumed along
with a snack or meal, or LESs consumed as part of a food matrix

such as cereal, yogurt, or confectionery)? The first pattern of
intake allows one to test directly the effect of LESs on metabolic
and endocrine responses, whereas the second pattern allows
one to test whether LESs modify the metabolic and endocrine
response to other coingested macronutrients and/or the food
matrices in which they are contained. A second consideration is
the type of LES. Because LESs represent a heterogeneous group
of compounds with distinct absorption, distribution, metabolism,
and excretion kinetics (3), it is important to know which LESs
[e.g., aspartame, sucralose, or acesulfame potassium (Ace-K)]
or, most commonly, LES blends (e.g., sucralose and Ace-K)
and doses were used. A third consideration is the nature of the
comparator, and the calories and carbohydrate available to be
displaced. Is it a caloric or noncaloric comparator and, in the
case of a caloric comparator, are the calories and carbohydrate
unmatched [e.g., a zero-calorie LES-sweetened beverage in
substitution for the equivalent sugar-sweetened beverage (SSB)]
or matched (e.g., LESs added to a caloric carbohydrate preload
compared with the same preload alone, as can happen as part
of sugars-reduction reformulation strategies in which milligram
amounts of LESs replace gram amounts of sugars in a solid
food matrix such that the other components of the food, often
refined starches, make up the difference by weight resulting in
a reduction in sugars but a trivial reduction or no difference
in the amount of calories or glycemic carbohydrate)? A fourth
consideration is the mode of delivery. Does the LES bypass the
cephalic phase (e.g., a non—"“real-world” scenario in which LESs
are delivered via capsules or intragastric infusion to blind the
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intervention or test the effect of LESs independent of sweetness
and stimulation of the oral sweet receptor)?

Article in the Present Issue of the Journal

In this issue of the Journal, the systematic review and meta-
analysis of acute randomized controlled trials by Greyling and
coworkers (17) of the effect of LESs on acute postprandial blood
glucose and insulin responses makes an important contribution
by recognizing the importance of the pattern of intake and type
of LES. A strength of the analysis is that the authors prespecified
subgroup analyses by the pattern of intake to assess effect
modification by LESs alone compared with LESs in combination
with a caloric preload. The authors showed no evidence of effect
modification or interaction by the pattern of intake. Total LESs
neither elicited a postprandial glycemic or insulinemic response
themselves nor affected the postprandial glycemic or insulinemic
responses to coingested caloric preloads. There was also no
evidence of a dose-response gradient.

Another strength is that the authors, in acknowledging that
LESs are a heterogenous group of compounds that might not
share the same effects, undertook network meta-analyses to
compare the different LESs (although this analysis was not
prespecified). Network meta-analyses have the advantage of
being able to simultaneously compare multiple interventions in
a single analysis, by combining direct and indirect comparisons
with a common comparator, allowing one to compare LESs
that have never been compared head-to-head and yielding
more precise estimates than a traditional pairwise analysis. The
network meta-analysis did not show any differences by type of
LES, confirming the findings of the pairwise meta-analyses.

Unfortunately, the present systematic review and meta-
analysis did not differentiate by the mode of delivery, pooling
trials that delivered LESs orally via foods and beverages with
trials that delivered LESs using capsules or intragastric infusions
thereby bypassing the cephalic phase. A subgroup analysis
would have been useful to answer the question of whether
LESs affect glucose and insulin responses via the cephalic sweet
taste response. Although a formal subgroup analysis was not
undertaken, the 95% CIs for these trials appear to overlap with
those of the overall pooled estimate, suggesting that the cephalic
phase might not be an important modifier of any effect of LESs
on glucose and insulin responses.

What Are the Implications?

In establishing that acute administration of LESs does not
elicit glucose or insulin responses or modify the glucose and
insulin responses to coingested caloric preloads, the question
shifts to the long-term clinical and public health implications
of the systematic review and meta-analysis by Greyling and
coworkers (17). Do these findings translate to a sustained lack
of effect or even benefit (through displacement of sugars and
calories) of LESs over the longer term?

The interpretation of the systematic reviews and meta-analyses
of longer-term randomized controlled trials has been less clear.
Whereas an earlier systematic review and meta-analysis of
randomized controlled trials showed no harm and even benefit of
LESs over the longer term (18), 2 subsequent highly influential
systematic reviews and meta-analyses of randomized controlled

trials concluded that harm could not be excluded (6, 7). A series
of letters to the editor, editorials, commentaries, and consensus
statements (8, 9, 19, 20) have questioned these differences
in interpretation on the basis of the same methodological
and design issues affecting the acute evidence. One of the
most important considerations identified for the longer-term
randomized controlled trials is the nature of the comparator.
The 2 syntheses that could not exclude harm (6, 7) failed to
account for the calories and glycemic carbohydrate available to
be displaced by LESs. Pooling caloric comparators (e.g., LES-
sweetened beverages in substitution for SSBs with displacement
of calories and sugars) with noncaloric comparators (e.g.,
LESs in substitution for water, placebo, or weight-loss diets
without caloric displacement of calories or sugars) and even
using noncaloric comparators as the sole comparator for some
outcomes likely contributed to an underestimation of the true
effect of LESs in their intended displacement of calories and
sugars, and severely limited the usefulness of these syntheses
(8,9,19).

The syntheses of the prospective cohort studies, which
have been a source of much of the concern, have been
equally sensitive to methodological and design issues. Although
prospective cohort studies represent the highest quality evi-
dence among observational studies with the advantage of long
longitudinal follow-up, adjustment for multiple confounders,
and ascertainment of clinical cardiometabolic outcomes rather
than intermediate risk factors, these studies are at high risk
of residual confounding from behavioral clustering and reverse
causality in assessing the association between LES exposures
and clinical cardiometabolic outcomes. The reverse causality
is a point readily acknowledged by the authors of prospective
cohort studies (21, 22), the systematic reviews and meta-analyses
that include these studies (6), and guidelines committees that
use the systematic reviews and meta-analyses (23, 24) because
higher consumers of LESs could be consuming LES-containing
beverages and foods as a weight-loss strategy because of their
higher risk of obesity and adverse and cardiometabolic outcomes
rather than the other way around. Letters to the editor, editorials,
commentaries, and consensus statements (8, 9, 19, 20, 25) have
again called for strategies to address these issues including
adjustments for adiposity in primary analyses, assessment of
exposures using repeated measures of change in exposures (as
opposed to prevalent or baseline exposures), and substitution
analyses that model the intended replacement strategy (i.e., the
substitution of LESs for caloric sugars such as the substitution
of LES-sweetened beverages for SSBs), approaches that have
yielded the opposite associations: weight loss (21) and lower
diabetes incidence (22) and cardiovascular mortality (26).

What Are the Next Steps?

There is a need to apply the same careful consideration of the
methodological and design issues highlighted by the systematic
review and meta-analysis by Greyling and coworkers (17) to
updated systematic reviews and meta-analyses of the longer-term
randomized controlled trials of intermediate cardiometabolic risk
factors and prospective cohort studies of clinical cardiometabolic
outcomes. In this regard, we await several important ongoing sys-
tematic reviews and meta-analyses of the randomized controlled
trials (1 that includes a network meta-analysis) with prespecified
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analyses that account for the nature of the comparator and the
type and dose of LESs (PROSPERO 2019 CRD42019135483; cl
inicaltrials.gov identifier: NCT02879500) and of the prospective
cohort studies with prespecified repeated measures change
analyses and substitution analyses that model the intended
replacement strategy of LESs for caloric sugars (clinicaltrials.gov
identifier: NCT04245826). More longer-term pragmatic, “real
world” high-quality randomized controlled trials of the most
commonly consumed beverage/food sources of LES blends and
doses on the market (e.g., LES-sweetened beverages containing
sucralose and Ace-K, aspartame and Ace-K, or all 3) using caloric
comparators (e.g., SSBs as the target of the intended replacement
strategy) and/or noncaloric comparators as an active control
(e.g., water as the “standard of care”) will also be important
for informing future systematic reviews and meta-analyses, with
several trials currently in progress (clinicaltrials.gov identifiers:
NCT01295671, NCT03543644, NCT03259685, NCT03944616,
NCT02591134). The epistemological approaches to the question
of LESs and cardiometabolic health will continue to evolve and
improve, and, as Polonius says to Hamlet, “Though this be
madness, yet there is method in 't” [Hamlet, 2.2.223-224 (27)].
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