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Rare sugars and their health effects in humans: a systematic
review and narrative synthesis of the evidence from human
trials

Amna Ahmed @, Taw seef RafbasydarDaneRanodadacchailiWsCakdndesthcaharittdsn(fosial ensgeiContext:
quantities in nature) that have sllrght differences in their chemical structure com-
pared with traditional sugars. Little is known about their unique physiological and
cardiometabolic effects in humans. Objective: The objective of this study was to
conduct a systematic review and synthesis of controlled intervention studies of rare
sugars in humans, using PRISMA guidelines. Data Sources: MEDLINE and EMBASE
were searched through October 1, 2020. Studies included both post-prandial (acute)
and longer-term (>1week duration) human feeding studies that examined the ef-
fect of rare sugars (including allulose, arabinose, tagatose, trehalose, and isomaltu-
lose) on cardiometabolic and physiological risk factors. Data extraction: In all, 50
studies in humans focusing on the 5 selected rare sugars were found. A narrative
synthesis of the selected literature was conducted, without formal quality assess-
ment or quantitative synthesis. Data synthesis: The narrative summary included
the food source of each rare sugar, its effect in humans, and the possible mecha-
nism of effect. Overall, these rare sugars were found to offer both short- and long-
term benefits for glycemic control and weight loss, with effects differing between
healthy individuals, overweight/obese individuals, and those with type 2 diabetes.
Most studies were of small size and there was a lack of large randomized controlled
trials that could confirm the beneficial effects of these rare sugars. Conclusion:
Rare sugars could offer an opportunity for commercialization as an alternative
sweetener, especially for those who are at high cardiometabolic risk.

Systematic Review Registration: OSF registration no. 10.17605/0SF.I0/FW43D.
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INTRODUCTION

As rates of obesity and type 2 diabetes continue to rise
globally, the role of excess sugars in the diet has become
a focus of intense concern.' Most of the attention has
centered on the adverse health effects of the common
sugars — fructose, sucrose, and high-fructose corn syrup
(HFCS).? Rare sugars, defined as “monosaccharides and
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consumption of 5¢g allulose, compared with that of
10mg of aspartame, administered as preloads, on the
postprandial glycemic response to a test meal consisting
of rice and hamburger steak. They showed a reduction
in plasma glucose at 90 minutes following the test
meal.>® Furthermore, ingestion of allulose as a preload
resulted in an increase in fat energy expenditure (but a
decrease in carbo.5(an)-315a

decreaseate[(dnse)7((but)]TJ-32



1p38 R9I%Po~

‘W -ebuo

mmmmu nmmmwo% ‘334 wwnmwoc_-
092" 024D ewcE|d UO 3 ou-
ccgc/BOW 13 - v0d

X 9c00sb eWiE|d Padsp~
‘w-e buol Dy asojn|y
ot {
~ j9°qeip 7 of ™ aulep-oq ] o, \ ] ] )
/3°aqeip 7 a6 4 * cjempy puy cfewp! wpur "y613" o 0/a:a00 t[espl ___oc_..n; [eoH
1 1 11 )
BETICETIS £729)9 pa e~y |eaH -ebax 9-eY

SaIpn)s uewiny ui )33 119y} pue siebns atey 4 9|qe]



intervention. Han et al assessed the effect of two allu-



L-arabinose

Results from a total of three acute studies and one
longer-term human study on L-arabinose and cardio-
metabolic risk factors have been reported (Table2). L-
arabinose is a monosaccharide and aldopentose found
naturally in certain plant cell walls, including many
grains and plant gums. It has half the sweetness of su-
crose and has been shown in animals to be less metabo-
lizable compared with glucose. With no caloric value,
most of the studies examining consumption of L-arabi-
nose in humans are acute post-prandial studies, and
they demonstrate a benefit on glycemic control in
healthy individuals. All acute trials examining the effect
of L-arabinose in humans were conducted using a ran-
domized controlled crossover design. Krog-Mikkelson
et al showed that a number of doses of L-arabinose re-
duced insulin and glucose peak in healthy males when
given prior to a test meal, compared with sucrose. In a
similar study design, Shibanuma et al 2010 also found
that, in both males and females, consumption of 2 g of
L-arabinose before a 40 g sucrose test beverage led to re-
duced blood glucose levels at 2 hours compared with a
control of water.”® However, Halschou-Jensen et al
were unable to confirm this effect and found that a
breakfast meal supplemented with L-arabinose resulted
in no changes in the peak plasma glucose or glucose
IAUC compared with a sucrose-supplemented meal in
healthy participants.

Yang et al examined the longer-term effect of L-
arabinose supplementation in individuals with meta-
bolic syndrome who consumed 40g-45¢g L-arabinose
(dissolved in water) daily for 6 months with no alter-
ation in lifestyle habits.'? This intervention resulted in a
reduction in waist circumference, total cholesterol, and
fasting glucose, showing an overall benefit in partici-
pants with metabolic syndrome.*® However, since this
study lacked a control arm and participants were all di-
agnosed with metabolic syndrome, it is difficult to ex-
tend these results to a larger population. Regardless, the
study results promise a novel approach to reducing car-
diometabolic risk factors in persons suffering with met-
abolic syndrome.

No study has specifically examined the side effects
of arabinose consumption, though they may occur: the
abovementioned study by Krog-Mikkelsen et al showed
that out of 15 participants, one experienced mild nausea
after 1 g of arabinose, one experienced mild diarrhea af-
ter 2g of arabinose, and another experienced a severe
stomach ache and diarrhea after 2g of arabinose.'®
Yang et al also noted that, with doses of either 40 or
45 g daily, 13 out of the 30 participants had mild nausea
and diarrhea following treatment.*? A study that specifi-
cally examined the gastrointestinal tolerance of

arabinose would be helpful in determining arabinose’s
side effects and also the maximum recommended dose.
The mechanism by which L-arabinose affects glu-
cose and insulin release in humans is unknown, but in
rodent studies it has been shown to inhibit the brush
border enzyme sucrose, which can reduce glucose ab-
sorption.? Further high-quality studies in humans will
be needed to confirm its acute effects and help us to
better understand the long-term effects of regular
L-arabinose consumption on cardiometabolic outcomes.

D-tagatose

Table 2 shows the study characteristics of 4 acute and 6
longer-term human studies that have reported results
for D-tagatose consumption and cardiometabolic risk
factors. D-tagatose, a monosaccharide, is a C-4 epimer
of D-fructose that is found primarily in whey milk pro-
tein and is 92% as sweet as sucrose.*> While it has been
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improved metabolic profile seen in many studies.®®
Overall, while in the literature there is a lack of isomal-
tulose’s effect on body weight, there appears to be an
improvement in insulin resistance in several studies,
and therefore it may be of some benefit to individuals
with type 2 diabetes, though more research is
warranted.

Less-studied rare sugars

While there are numerous rare sugars that have yet to
be studied in detail, there are a few that show potential
in nonhuman studies (cell culture or animal studies).
These include kojibiose, sorbose, and allose. Kojibiose,
a glucose disaccharide connected by an «1-2 glycosidic
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Supporting Information

The following Supporting Information is available
through the online version of this article at the publish-
er’'s website.

Table S1 Search term strategy to identify the effects
of rare sugars in human studies

Figure S1 Flow of the literature
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