
the populations studied and/or the extent to which specific
confounding factors were accounted for, chance findings in small
studies and publication bias. A major confounder may be the BW
control history and strategies used in the different populations.
Thus, reverse causation cannot be ruled out. Notably, though,
pooled analysis of the three largest studies showed a relative BW
reduction for those consuming LES.100

Evidence from a large majority of animal studies favours
reduced EI and BW gain or no effect of LES, although increases
have been observed as well. A particular series of studies from one
research group employing a specific procedure in rats has been
widely cited in support of the suggestion that consumption of LES
could lead to BW gain.194 The mechanism proposed for this is that
LES consumption disrupts learning about the association between
sweet taste and energy content. Arguably, however, the complex-
ity of modern human diets is such that sweetness, with or without
the inclusion of LES, does not reliably predict energy content
foods.195 More likely, what is learned, if anything, is energy
content (and its satiating effect) signalled by a configuration of
taste, flavour, texture and other cues specific to individual foods.
Therefore, whether or not LES are consumed will likely make little
difference to the learned control of EI. In any case, without
information from further control groups the interpretation of the
results of these studies is ambiguous. Their relevance to human
consumption of LES therefore remains to be demonstrated,
especially in the light of the evidence from sustained human
intervention studies of reduced BW with consumption of LES
versus sugar, and LES versus water. In general, the animal studies
did not mimic the use of LES by humans, either in amounts
consumed or pattern of consumption.
A variety of human and animal intervention studies provided

data on the effects of consumption of LES-sweetened liquids
versus water. The results indicate that the exposure to sweetness
itself (without energy) is at least neutral in terms of impact on EI
and energy balance, and possibly even helpful. This challenges the
suggestion that exposure to sweetness itself is detrimental,6,196,197

perhaps because exposure to sweetness could help ‘establish and
maintain’ a more generalised preference for sweet items.1

Acquired preferences for sweetness levels are relatively food-
specific, although this is expressed against the background of a
general innate liking for sweetness.198 On the other hand,
evidence from studies of ‘sensory-specific satiety’ show that acute
exposure to sweetness decreases subsequent desire for the same
or other sweet (relative to non-sweet) items.199–201 Consistent
with this, participants in the CHOICE trial receiving LES beverages
specifically reduced consumption of dessert items relative to
those receiving water.202 One possible interpretation is that access
to LES satisfies a pre-existing desire for sweetness, rather than
promoting it.
A further result is that LES consumed in capsules either had no

effect or reduced EI in short-term intervention studies (Figure 3),
which argues against stimulation of gut receptors as a route by
which LES might contribute toward increased EI and BW.
The short-term intervention studies in humans measured the

effects of consuming a fixed portion of a LES-sweetened beverage
or food on free (ad libitum) consumption of other items presented
in the test. In many of the animal studies the manipulated food
was also the food that was consumed freely. For the most part the
results of these two types of study lead to the equivalent
conclusion, namely that there was little effect of the LES versus the
equi-caloric control (usually water in the human studies, and
unsweetened food in the animal studies) on EI or BW.
An exception is increased EI and BW gain in a small number
of studies in which saccharin was added to moistened or
fat-enriched diets, perhaps owing to saccharin increasing the
palatability of these diets. This context differs from the consump-
tion of LES in the human diet, where LES usually replace sugars in
foods and beverages.1 Furthermore, as discussed above, there is

no substantive evidence that consuming LES-sweetened products
increases EI or BW in humans.
Our analysis of short-term intervention studies comparing LES

with water supports Daniels and Popkin’s27 conclusion that these
studies are ‘relatively consistent and found no impact on EI among
adults’ (p 505). Their review of a subset of the studies we included
found that consumption of water versus LES-sweetened bev-
erages led to essentially no change (1.3% reduction) in EI in adults
and a 6.7% reduction in children. Nevertheless, our meta-analysis
of three sustained intervention studies with a water comparison
finds that LES consumption leads to somewhat reduced BW
relative to consumption of water.179,184,185 As well as an effect via
‘sensory-specific satiety’ (above), this perhaps suggests an
advantage for LES in respect of dietary compliance, in that LES
beverages may be preferred to water.179 It would seem
appropriate therefore to consider, particularly for consumers
already accustomed to sweetened beverages, whether promotion
of LES or water as an alternative holds greatest public health
effectiveness.203 The answer should come from further appro-
priately designed intervention studies and perhaps further
analyses of already completed trials where participants had free
choice of water versus LES beverages.187

Both short-term and sustained intervention studies in humans
show LES consumption reduces ad libitum EI. However, possibly
for several reasons, short-term studies may underestimate the
degree of energy compensation that occurs in response to energy
dilution. This is consistent with the finding that BW differences
observed in sustained intervention studies are often much smaller
that would be the case if no compensation had occurred.182

Nonetheless, sustained studies repeatedly find effects in favour of
LES consumption reducing BW relative to sugar consumption,
showing that compensation is incomplete. Of course, the same
argument and many of the same data are used in making the case
that consumption of sugar-sweetened products, and particularly
sugar-sweetened-beverages, increase risk of overweight and
obesity.182,204,205

CONCLUSIONS
We found a considerable weight of evidence in favour of
consumption of LES in place of sugar as helpful in reducing
relative EI and BW, with no evidence from the many acute and
sustained intervention studies in humans that LES increase EI.
Importantly, the effects of LES-sweetened beverages on BW also
appear neutral relative to water, or even beneficial in some
contexts.
A selection of animal and observational studies is often cited as

the primary basis for strong assertions that LES are a contributing
factor toward risk of overeating and obesity.5 In contrast, the
present review of a large and systematically identified body of
evidence from human intervention studies, with varying designs,
settings and populations (including children and adults, males and
females, and lean, overweight and obese groups), provide no
support for that view. The question then is whether those
hypotheses should be rejected or whether, as seems unlikely, the
relevant human intervention studies are consistently flawed in a
way that leads, in most cases, to exactly the opposite outcome.
Commentaries on LES and energy balance frequently suggest

that further research is needed, but stop short of proposing any
specific new hypothesis to test or new study designs. Although no
single study by itself is conclusive, the correspondence of results
from the studies reviewed here gives no reason to expect another
similar study would yield remarkably different results. Continued
selective citation and extrapolation from observational and animal
studies on this topic is also likely to be of limited value. Mattes &
Popkin1 concluded that replacement of sugar by LES has ‘the
potential to aid in BW management, but whether they will be used
in this way is uncertain’ (p 10). This seems a reasonable conclusion
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