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Efficacy of standard glucose-based and reduced-
osmolarity maltodextrin-based oral rehydration
solutions: effect of sugar malabsorption
M. EB-Mougi,1 A. Hendawi,2 H. Koura,3 E. Hegazi,4 0. Fontaine,5 & N.F. Pierce5

Previously we reported that standard oral rehydration salts (ORS) solution is not as effective as a reduced-
osmolarity glucose-based ORS for the treatment of children with acute noncholera diarrhoea: with standard
ORS the diarrhoea lasts longer, stool output is greater, serum sodium is higher, and there is more need for
supplemental intravenous infusion. We studied a reduced-osmolarity maltodextrin (MD)-based ORS to
determine whether it had similar benefits, and also the effect of sugar malabsorption on the efficacy of
standard and MD-based ORS. A total of 90 boys aged 3-24 months with acute noncholera diarrhoea
and moderate dehydration were randomly assigned to either standard ORS (glucose 20g/1, osmolarity
311 mmol/l) or MD-ORS (MD 50g1, osmolarity 227mmolll). There were no differences in treatment results.
Some 46% of subjects had a high total stool output (>300g/kg), which was unrelated to the type of ORS
given. High stool output was significantly associated with a longer duration of diarrhoea (33 vs. 15 hours;
P < 0.001), a persistently elevated serum sodium (149 vs. 144mmol/l at 24h; P < 0.02), the need for
intravenous infusion (1 1/41 vs. 0/48; P < 0.002), and an increase in faecal reducing substances (10.8 vs.
3.4 gIl at 24h; P < 0.001).

We conclude that some children given standard ORS develop osmotic diarrhoea owing to the combined
effect of transient sugar malabsorption and slight hypertonicity of the ORS. Earlier studies show that this
adverse outcome can largely be avoided when extra water is given in reduced-osmolarity glucose-based
ORS. Reduced osmolarity has no benefit, however, when glucose is replaced by maltodextrin, probably
because the sugars released by hydrolysis of MD, when malabsorbed, raise the intraluminal osmolarity
to equal or exceed that of standard ORS. Thus, reduced-osmolarity glucose-based ORS is superior to
both standard ORS and reduced-osmolarity solutions based on maltodextrin and probably other complex
carbohydrates. Studies are in progress to define the optimal formulation of reduced-osmolarity glucose-
based ORS.
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Introduction
The standard glucose-based oral rehydration salts
(ORS) solution (containing glucose, 111 mmol/l and
sodium, 90mmol/l; total osmolarity, 311 mmol/l),
which has been recommended globally by WHO and
UNICEF, has proved to be both safe and effective
for preventing and treating dehydration in children
with diarrhoea (1, 2). Nevertheless, the continuing
search for an even more effective composition of
ORS (3) and concern about a possible increased risk
of hypernatraemia, especially in well-nourished chil-
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dren with noncholera diarrhoea (4), have led to the
evaluation of other formulations, most recently
those with reduced osmolarity (3, 5-7).

One approach to lowering the osmolarity of
ORS solution has been to reduce its content of glu-
cose and sodium. We recently reported improved
results when dehydrated children with acute diar-
rhoea were treated with a solution containing less
glucose (75 mmol/l) and sodium (60 mmol/l), and
having a lower osmolarity (210mmol/1) than stand-
ard ORS solution. Comparison of this treatment
with standard ORS showed that the rate of stool
output was 58% greater, duration of diarrhoea 55%
longer, intake of ORS solution 20% greater, and the
serum sodium concentration was higher in children
given standard ORS solution (5). These results were
confirmed in a large multicentre study, which also
showed a 100% increase in requirement for supple-
mental intravenous infusion in non-breastfed infants
given standard ORS solution (6). Both these studies
suggested that the increased stool output with
standard ORS solution resulted from its slight
hypertonicity combined, in some children, with
transient sugar malabsorption. Sugar absorption was
not, however, measured directly.

A second approach has been to replace glucose
(20g/1) with a greater weight of cooked rice powder
(or other cereal powder) or maltodextrins (MD)
(30-80g/1; total osmolarity about 230mmol/1) (3, 8).
It was proposed that these complex polysaccharides,
when hydrolysed, would yield more glucose than
provided by standard ORS without increasing intra-
luminal osmolarity and that the increased glucose
would promote greater absorption of sodium and
water, thus reducing the stool output (9). Studies
with such solutions have, however, shown mixed re-
sults. While stool output has been significantly greater
in cholera patients given standard ORS solution than
in those given rice-based solutions, no significant
benefit has been seen in children with noncholera
diarrhoea given rice- or MD-based solutions (3, 8).
These different results have not been explained.

We report here a randomized, double-blind
comparison of standard ORS solution and a
reduced-osmolarity, MD-based ORS solution in the
treatment of dehydrated infants and children with
acute non-cholera diarrhoea. During the study we
monitored the incidence of sugar malabsorption and
assessed its relationship with ORS efficacy. The re-
sults appear to explain the different outcomes of
treatment with the two types of reduced-osmolarity
ORS solutions described above. They provide strong
support for the routine use of reduced-osmolarity
glucose-based ORS, but not MD-based or other
starch-based ORS, in young children with acute non-
cholera diarrhoea.

Subjects and methods
The study was carried out at the Diarrhoeal Disease
Research and Rehydration Centre of Bab El-
Sha'reya Hospital in Cairo, Egypt. The protocol was
approved by the ethics committees of the hospital
and of WHO. The subjects were fully weaned boys
aged 3-24 months with acute non-bloody diarrhoea,
which was defined as three or more loose or watery
stools per 24 hours with signs of moderate
dehydration.a Parents or guardians had given con-
sent. Children with diarrhoea for more than three
days, or without signs of dehydration or with severe
dehydration were excluded, as were those with se-
vere malnutrition (weight-for-length less than 70%
of the National Center for Health Statistics (NCHS)
median, or showing obvious signs of kwashiorkor) or
evidence of a serious systemic infection.

Children meeting the above criteria were ran-
domly assigned to two treatment groups. One group
received the standard glucose-based ORS solution
recommended by WHO and UNICEFa and the other
received an ORS solution containing minimally
hydrolysed MD (50 g/1) in place of glucose (20g/1).
The MD (Glucidex 12®, Roquette Freres, Lille,
France) contained 95.5-97.0% oligo- and poly-
saccharides and had a dextrose equivalent (DE)
of 11-14. The osmolarity of standard ORS was
311 mmol/l and that of MD-ORS was 227 mmol/1;
both solutions contained 90mmol/I of sodium and
citrate was the source of base; other electrolyte con-
centrations were also identical. The randomization
list, based on random blocks of fixed length (10 sub-
jects per block), was prepared by WHO. The packets
of MD-ORS and standard ORS were identical in
appearance. They were arranged by WHO in an
order corresponding to the randomization code
and numbered sequentially. Ten 1-litre packets were
assigned to each child. Children were rehydrated
orally within 6 hours, the assigned ORS solution
being given ad libitum by spoon; average intake in
this period was about 200ml/kg. After all signs of
dehydration had disappeared, the same solution was
given to replace continuing losses of liquid stool
and vomitus, volume-for-volume, until the diarrhoea
stopped (two formed stools were passed or no
stool was passed for 12 hours). Feeding was resumed
immediately following rehydration using a milk-
based formula (lSOml/kg per 24 hours in 6 feeds;
half strength in the first 24 hours and then full

a Programme for the Control of Diarrhoeal Diseases. The treat-
ment of diarrhoea. Unpublished document WHO/CDD/SER/80.2
Rev 3. Geneva, World Health Organization, 1995 (available upon
request from Division of Child Health and Development, World
Health Organization, 1211 Geneva 27, Switzerland).
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strength); 4 g of an instant wheat-based diet was
added to each feed. Additional plain water was not
provided.

All intakes and outputs were measured every 4
hours using standard methods (6) until diarrhoea
had stopped or the child was withdrawn from the
study. Body weight was measured at admission, after
6 hours and then every 24 hours until discharge.
Indications for giving supplemental intravenous
polyelectrolyte solution (5), 20ml/kg per hour, were
persistence of signs of dehydration at the end of the
6-hour rehydration period or the reappearance of
these signs during the maintenance phase, despite
intake of the estimated ORS requirement. Children
with frequent vomiting of ORS solution were given
the solution by nasogastric tube (17 ml/kg per hour).
In either case, treatment with the assigned ORS
solution was resumed when children could drink
satisfactorily and the signs of dehydration had
disappeared. Children who required supplemental
intravenous or nasogastric infusions were considered
treatment failures but were included in the analysis.

Children whose diarrhoea lasted more than 5
days were withdrawn from the study and treated
appropriately. Blood was sampled on admission and
after 6 hours and 24 hours, and stool was sampled
after 24 hours. Serum concentration of sodium was
determined by flame photometer. Reducing sub-
stances in stool were measured as previously de-
scribed (10).

The study was designed to detect a 30% dif-
ference between treatment groups in the duration
of diarrhoea and the total stool output. Based on
data collected in patients 4-12 months of age with
acute noncholera diarrhoea and treated with stan-
dard ORS solution (A.M. Madkour, unpublished,
1985), showing a mean duration of diarrhoea of
60 ± 17 hours and a mean total faecal output of
271 ± 141g/kg, it was calculated that 50 patients
per group would be necessary to show this differ-
ence with a power of 80% and a significance level
of 5% (11).

Statistical analyses were performed using SPSS/
PC software. A two-tailed Student's t-test was per-
formed for comparison between measures. Continu-
ous variables with skewed distributions were
normalized by log transformation. Qualitative vari-
ables were compared using the x2 test.

Results
The study was terminated while still blinded after
90 boys had been entered, 45 in each treatment
group; one child in the standard ORS group was
withdrawn by his parents immediately after being

enrolled. The 89 remaining children were included in
the analysis.

One child had diarrhoea that continued after
the 10 litres of MD-ORS assigned to him had been
consumed. His treatment was continued using stand-
ard ORS and all outcome data were included in the
analyses. One child, in the standard ORS treatment
group, died with signs of overwhelming sepsis on the
third day of treatment. At admission this child's
weight-for-length was 71%, and weight-for-age 49%,
of the NCHS median values. This child was excluded
from analysis of treatment failures but is included in
all other analyses.

There were no significant differences between
the treatment groups on admission (Table 1), or in
the clinical outcome variables for each treatment
(duration of diarrhoea, stool output, ORS intake,
serum sodium concentration, and weight gain at
discharge) (Table 1). The mean concentrations of
faecal reducing substances at 24 hours were el-
evated, but similar in each group. The average
weight gain from admission to discharge of about
9% confirmed the clinical diagnosis of moderate
dehydration.

The distribution of total outputs of diarrhoeal
stool among all subjects shows a bimodal pattern
(Fig. 1). A symmetrical initial peak of values up to
300g/kg (termed "low" output) included 54% of
subjects. This was followed by a second peak with
an extended tail (termed "high" output). A similar
pattern was seen for each treatment group (not
shown). Because no admission or outcome differ-
ences were identified between the treatment groups,
subsequent analyses compared children with high
and low stool outputs using combined data from
both groups.

The admission and outcome characteristics of
children with low and high total stool outputs are
compared in Table 2. At admission, children with
high stool output were significantly younger, smaller,
and more likely to be febrile, and their mean serum
sodium concentration was higher than that in chil-
dren with low stool output; febrile children did not
have other signs of systemic infection. The groups
also differed markedly in response to treatment, the
high stool output group having diarrhoea of signifi-
cantly longer duration, more stools during the first 24
hours, and greater intake of ORS solution. At 24
hours the mean serum sodium concentration re-
mained significantly elevated in this group and the
mean concentration of faecal reducing substances,
determined in the last 34 children enrolled, was
3-fold greater than in the low output group
(P < 0.001). Weight gain at discharge did not differ
between the groups, indicating similar degrees of
dehydration on admission.
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Table 1: Comparison of standard ORS and MD-ORS treatment groups

Standard ORS MD-ORS
(n 44) (n= 45) Comparison

Admission features:
Age (months) 10.0 3.9a 10.2 + 3.8 P > 0.05
Weight (kg) 7.1 ± 1.5 7.0 + 1.4 P > 0.05
Weight-for-length (% of 92 + 9 91 + 16 P > 0.05
NCHS median)

Duration of diarrhoea (hours) 47 + 22 52 + 18 P > 0.05
Rectal temp. >37.50C (%) 42 26 P > 0.05
Serum sodium (mmol/l) 143 ± 12 144 + 11 P > 0.05

Outcome variables:
Duration of diarrhoea (hours) 23 (19-29)b 24 (20-30)b 0.9 (0.7-1.3)c
Stool output (g/kg):

At 24h 200 (161-249)b 226 (186-281)b 0.9 (0.6-1.2)c
Total 238 (182-311 )b 267 (208-344)b 0.9 (0.6-1 .3)c

ORS intake (ml/kg):
At 24h 396 + 237 446 217 P > 0.05
Total 517 ± 357 558 + 340 P > 0.05

Serum sodium at 24h 145 11 147 10 P> 0.05
(mmol/l)

Stool reducing substances at (n - 16) (n = 18)
24 h (g/l) 7.2 ± 6.2 6.4 + 6.9 P > 0.05

Weight gain (% of discharge 9.3 + 3.7 8.9 + 4.5 P > 0.05
weight)

a Mean + S.D.
b Geometric mean (95% Cl).
c Ratio of geometric means, standard ORS: MD-ORS (95% Cl of ratio); P > 0.05 for each
comparison.

The relationships of duration of diarrhoea and
average rate of output of diarrhoeal stool to concen-
tration of faecal reducing substances at 24 hours are
shown in Fig. 2. These show that both increased
significantly (P < 0.01 and <0.05, respectively) with
increasing concentrations of faecal reducing sub-

Fig. 1. Distribution of total stool outputs among all 89
children in the study.
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stances. The slope of the increase was much greater,
however, for duration of diarrhoea.

Eleven children were considered treatment fail-
ures, five in the standard ORS group and six in the
MD-ORS group. Of these, one had persistent signs
of dehydration after the 6-hour rehydration period
and 10 showed return of these signs after dehydra-
tion had been corrected. All 11 received intravenous
polyelectrolyte solution until signs of dehydration
had disappeared; three of these initially were given
ORS by nasogastric tube for persistent vomiting.
Seven of these 11 children received intravenous
therapy for 3-14 hours until the diarrhoea stopped;
four others had continuing diarrhoea and re-
sumed treatment with the assigned ORS solu-
tion after receiving intravenous therapy for up to 6
hours.

All children classified as treatment failures
had total stool outputs >300g/kg (11 treatment
failures in 41 with high stool outputs vs. none in
48 with low stool outputs; P < 0.002). When treat-
ment failures were compared with those not con-
sidered failures (n = 77), there were no significant
differences in admission characteristics (data not
shown). After admission, the treatment failures had
a significantly longer duration of diarrhoea (geo-
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Table 2: Comparison of children with low and high total stool outputs

Low outputa High output
(n = 48) (n = 41) Comparison

Admission features:
Age (months) 11.0 + 3.9b 9.1 + 3.6 P < 0.02
Weight (kg) 7.4 + 1.4 6.6 ± 1.4 P < 0.01
Weight-for-length (% of 92 ± 7 92 ± 11 P > 0.05
NCHS median)

Duration of diarrhoea (hours) 50 + 21 48 + 19 P > 0.05
Rectal temp. > 37.5 OC (%) 9 51 P < 0.01
Serum sodium (mmol/) 141 ± 12 147 ± 10 P < 0.02

Outcome variables:
Duration of diarrhoea (hours) 15 (13-17)c 33 (27-41)c 2.3 (1.8-2.9)d
Stool output at 24h (g/kg) 128 (111-148)c 383 (335-436)c 3.0 (2.5-3.6)d
ORS intake (ml/kg):

At 24h 281 ± 84 585 ± 233 P < 0.001
Total 303 ± 98 815 ± 326 P < 0.001

Serum sodium at 24h 144 ± 11 149 ± 10 P< 0.02
(mmol/l)

Stool reducing substances at (n = 19) (n = 15)
24h (g/l) 3.4 + 3.1 10.8 + 7.5 P < 0.001

Weight gain (% of discharge 8.6 ± 3.4 9.6 ± 4.8 P < 0.05
weight)

8 Total stool output S 300 ml/kg.
b Mean ± S.D.
c Geometric mean (95% Cl).
d Ratio of geometric means, standard ORS: MD-ORS (95% Cl of ratio); P < 0.001 for each.

metric mean, 47 vs. 19 hours; P < 0.01), a higher
total stool output (geometric mean, 541 vs. 223 g/kg;
P < 0.01) and total intake of assigned ORS solu-
tion (mean, 825 vs. 321 ml/kg; P < 0.01), and increase
in stool reducing substances (mean, 15 vs. 5.6 g/1;
P < 0.01).

Discussion
These results accord with others in showing similar
clinical outcomes for children with acute noncholera
diarrhoea who are treated with standard ORS or a
reduced-osmolarity MD- or rice-based ORS (3).
They also show that increases in stool output, dura-
tion of diarrhoea, serum sodium concentration and
need for supplemental intravenous infusion were
seen in a distinct subgroup of subjects, comprising
nearly half the children given standard ORS or MD-
ORS, and that these outcomes were significantly cor-
related with evidence of sugar malabsorption.

In an earlier study we showed that these adverse
outcomes were avoided by providing extra water
during oral rehydration in the form of reduced-
osmolarity glucose-based ORS (5). This benefit was
not seen in the present study, in which osmolarity
was reduced to a similar degree by replacing glucose
with an increased quantity of starch-like glucose
polymers. The likely explanation for this difference
is that glucose liberated by hydrolysis of the poly-

mers was not efficiently absorbed by some children,
thus raising the effective intraluminal osmolarity of
the ORS solution to equal or exceed that of standard
ORS solution. This would, in turn, cause a net flow of
water from extracellular fluid into the gut, a rising

Fig. 2. Correlation of rate of stool output and duration
of diarrhoea with concentration of faecal reducing
substances. Values are the mean and range. Faecal
reducing substances were measured at 24 hours. The rate
of stool output is the total stool output (g)/(body weight (kg)
x duration (h)). Both correlations are significant: rate of
stool output, P < 0.05; duration, P < 0.01.
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sodium concentration in serum, increased thirst
leading to greater intake of ORS solution, failure of
dehydration to be corrected or normal hydration to
be maintained, and an increase in the rate of stool
output and the duration of diarrhoea (12, 13).
This view is supported by evidence that two impor-
tant measures of outcome, the duration of diarrhoea
and the rate of stool output, were each significantly
correlated with the level of faecal reducing
substances.

Thus, it is the combination of sugar malabsorp-
tion and intraluminal hypertonicity that is responsi-
ble for the adverse outcomes listed above, which
occurred with equal frequency in children treated
with either standard ORS or MD-ORS. It should be
emphasized that these events were not seen among
the subgroup of children who had little or no evi-
dence of sugar malabsorption. Nor were they seen in
any child given reduced-osmolarity glucose-based
ORS in our earlier study (5). For example, none of
the 21 children given reduced-osmolarity glucose-
based ORS had a stool output of >300 g/kg during
the first 24 hours, whereas the comparable result for
children given MD-ORS in the present study was 20
out of 45 children. Based on these observations, we
conclude that reduced-osmolarity glucose-based
ORS selectively benefits children with transient
sugar malabsorption, whose diarrhoea would other-
wise be significantly more severe and prolonged if
treated with standard ORS or MD-ORS.

The cause of sugar malabsorption seen in this
study was not determined, nor is it certain whether
it involved only monosaccharides or also included
disaccharides. Clinically significant transient glucose
malabsorption occurs in some children with acute
gastroenteritis, especially when caused by rotavirus
(14-16). Moreover, this problem might be over-
represented among children seen at our hospital,
most of whom were referred to us after having failed
treatment with standard ORS at home or in another
facility. Another study has shown, however, that the
benefits of reduced-osmolarity glucose-based ORS
were seen at widely separated geographical sites,
suggesting that the occurrence and consequences
of sugar malabsorption are not unique to the popu-
lation we serve (6).

This study and previous ones on reduced-
osmolarity glucose-based ORS (5-7) have important
implications for the optimal formulation of ORS, at
least for children with acute non-cholera diarrhoea.
Taken together, they support the routine use of a
reduced-osmolarity glucose-based ORS in such chil-
dren, and indicate its superiority to both standard
glucose-based ORS and reduced-osmolarity ORS
solutions based on maltodextrose and probably
other complex carbohydrates, such as cooked cereal

powders. WHO is currently supporting further stud-
ies of reduced-osmolarity glucose-based ORS to de-
fine a formulation that minimizes the risk of osmotic
diarrhoea while ensuring adequate replacement of
water and electrolytes. After their completion rec-
ommendations will be made. In the meantime, it
would be appropriate to provide liberal amounts of
water, breast milk or other low-solute drinks during
treatment with standard ORS, as routinely advised
by WHO.b
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Resume
Efficacite de solutions de rehydratation
orale a base de glucose et de solutions a
osmolarite reduite a base de
maltodextrine: effet de la malabsorption
des sucres
Le traitement de la diarrhee aigue de l'enfant par les
sels de r6hydratation orale (SRO) classiques n'est
pas aussi efficace qu'un traitement par des SRO
a osmolarit6 r6duite a base de glucose en ce qui
concerne la dur6e de la diarrhee, le volume des
selles, la natremie et la n6cessit6 de completer le
traitement par une perfusion. Nous avons 6tudie
des SRO a osmolarit6 reduite a base de mal-
todextrine (SRO-MD) pour rechercher s'ils presen-
taient les memes avantages que ceux a base de
glucose, et 6tudi6 1'effet de la malabsorption des
sucres sur l'efficacit6 des SRO classiques et a base
de maltodextrine. Quatre-vingt dix gargons ag6s
de 3 a 24 mois, atteints de diarrh6e aigue avec
deshydratation mod6ree, ont ete r6partis par tirage
au sort en deux groupes, l'un recevant des SRO
classiques (glucose 20g/1 soit 311 mmol/l) et l'autre
des SRO-MD (MD 50g/l soit 227mmol/1). Les r6sul-
tats des deux traitements n'ont montr6 aucune
diff6rence: 46% des sujets avaient un volume total
de selles 6leve (>300g/kg) quel que soit le type de
SRO administr6. Cette observation etait associ6e
de fa,on significative a une diarrhee prolong6e (33
heures contre 15 heures; p < 0,001), une 6leva-
tion durable de la natremie (149 mmol/l contre
144 mmol/1 au bout de 24h; p < 0,02), la n6cessite
d'une perfusion intraveineuse (11 cas sur 41 contre

b See footnote a on page 472.
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0 cas sur 48; p < 0,002) et une augmentation des
substances fecales r6ductrices (10,8 g/l contre
3,4g/l au bout de 24h; p < 0,001).

Nous avons conclu que certains enfants ayant
requ les SRO classiques font une diarrh6e osmo-
tique due a l'effet combin6 d'une malabsorption
passagere des sucres et de la composition legbre-
ment hypertonique des SRO. II est possible dans
la plupart des cas d'6viter cet effet secondaire
en donnant davantage d'eau avec les SRO a
osmolarite r6duite a base de glucose. L'osmolarit6
r6duite n'a toutefois aucun avantage supplemen-
taire lorsque le glucose est remplace par la malto-
dextrine, phenomene qui est peut-etre dO au fait
que les sucres form6s par I'hydrolyse de la MD, s'il
y a malabsorption, augmentent l'osmolarit6 intra-
luminale jusqu'a egaler ou meme d6passer celle
des SRO classiques. Les SRO a osmolarite r6duite
a base de glucose sont donc superieurs a la
fois aux SRO classiques et aux SRO a osmolarit6
r6duite a base de maltodextrine (et, probablement,
d'autres glucides complexes). Des 6tudes sont en
cours pour d6finir la formule optimale des SROa
osmolarite reduite a base de glucose.
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