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Context: Severe acute malnutrition (SAM) accounts for approximately 1 million
child deaths per year. High mortality is linked with comorbidities, such as diarrhea
and pneumonia. Objective: The aim of this systematic review was to determine
the extent to which carbohydrate malabsorption occurs in children with SAM. Data
Sources: The PubMed and Embase databases were searched. Reference lists of
selected articles were checked. Data Extraction: All observational and controlled
intervention studies involving children with SAM in which direct or indirect mea-
sures of carbohydrate absorption were analyzed were eligible for inclusion. A total
of 20 articles were selected for this review. Data Synthesis: Most studies reported
carbohydrate malabsorption, particularly lactose malabsorption, and suggested an
increase in diarrhea and reduced weight gain in children on a lactose-containing
diet. As most studies reviewed were observational, there was no conclusive scientific
evidence of a causal relationship between lactose malabsorption and a worse
clinical outcome among malnourished children. Conclusion: The combined data
indicate that carbohydrate malabsorption is prevalent in children with SAM.
Additional well-designed intervention studies are needed to determine whether out-
comes of SAM complicated by carbohydrate malabsorption could be improved by
altering the carbohydrate/lactose content of therapeutic feeds and to elucidate the
precise mechanisms involved.
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INTRODUCTION

Malnutrition in children is a great challenge in many
developing nations, being directly or indirectly account-

able for 3.1 million child deaths annually, or 45% of all
child deaths in 2011.1 Severe acute malnutrition (SAM)

is particularly problematic because of high case fatality
rates.2,3 According to the joint statement of the World

Health Organization (WHO) and the United Nations
Children’s Fund (UNICEF), SAM includes 2 entities:

severe wasting and nutritional edema.4–7 Severe wasting
(marasmus) is defined as weight-for-height below �3

standard deviations (or z scores) or a mid-upper arm
circumference (MUAC) of less than 115 mm.4–7

Nutritional edema (kwashiorkor) is defined by bilateral
pitting edema. Severe wasting alone accounts for more

than 500,000 child deaths per year, with some estimates
of SAM mortality as high as 1 million per year.8

WHO treatment guidelines for SAM, first published
in 19994 and recently updated in 2013,9 have standard-

ized the treatment of SAM, and currently these guide-
lines play an important role in improving the outcomes

of severe malnutrition.10 A major limitation of these
treatment guidelines, however, is that the underpinning

evidence base is sparse and is often of low or very low
quality.9 One important area of uncertainty highlighted

in the latest WHO guidelines surrounds optimal feeding
regimens. The currently recommended diets for children
with SAM include specially formulated therapeutic milks

(F-75 and F-100) and an F-100–equivalent solid ready-
to-use therapeutic food (RUTF). These are given at dif-

ferent phases of treatment in a stepwise approach. Sick
children with complicated SAM are initially treated with

F-75 milk, the aim of this phase being stabilization and
prevention of early mortality through common compli-

cations that include hypoglycemia, diarrhea with dehy-
dration, electrolyte imbalance, and infection. Toward

these aims, F-75 has low sodium, protein, and fat con-
tents but, as a consequence, a high carbohydrate content.

It is during this stabilization phase that mortality is high-
est.11 Once stabilized, the child enters the rehabilitation

phase of treatment, when weight gain is the aim and
feeds are switched to the more nutrient-dense F-100 or

RUTF, both of which contain higher amounts of protein
and fat and lower amounts of carbohydrate than F-75.

SAM is associated with multiple comorbidities that

may contribute to an increased risk of death, a promi-
nent one being diarrhea.12 Several studies in children

with SAM have shown that mortality is significantly
higher in those with diarrhea than in those without di-

arrhea.12,13 In developing countries, a common cause of
diarrhea is enteric infection,14 which, when associated
with underlying malnutrition, could lead to villous

blunting and, as a result, impaired carbohydrate absorp-
tion. In turn, significant decreases in carbohydrate ab-

sorption can lead to severe osmotic diarrhea.
There are currently few publications on absorption

of different carbohydrates in SAM. To inform future
modification of therapeutic feeds, it is necessary to deter-

mine the prevalence of carbohydrate malabsorption and
to understand the possible impact of carbohydrate mal-

absorption on the recovery of malnourished children.
This systematic review aims to evaluate the current re-

search and to summarize current knowledge on carbohy-
drate malabsorption in children with SAM. Specifically,

it aims to address the following questions: (1) Does car-
bohydrate malabsorption occur in children with SAM? If

yes, to what extent? (2) What types of carbohydrates are
malabsorbed? (3) Is carbohydrate malabsorption in chil-

dren with SAM associated with osmotic diarrhea?

METHODS

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) standard reporting

guidelines were used. A comprehensive literature search
was performed in PubMed and Embase using the search

terms shown in Appendix S1 in the Supporting
Information online. An initial screening of title, ab-

stract, and keywords was done with the filter “children”
and using the search terms for direct or indirect evi-

dence of carbohydrate malabsorption in malnourished
children. The reference lists of the articles were further

screened for additional relevant publications. Articles
were thoroughly and systematically analyzed using the

inclusion and exclusion criteria to identify both direct
and indirect evidence to answer the research questions

(Table 1). Scientific studies of all designs that

Table 1 PICOS criteria for inclusion of studies
Parameter Criteria
Patient/population Severely malnourished children. Children meeting the current WHO criteria were included. Also included were

children who met the WHO criteria but for whom no information regarding specific criteria was provided,
as well as children who met historical criteria only

Intervention Dietary challenge with different carbohydrates or carbohydrate mixtures
Comparator Placebo or a different carbohydrate as an intervention carbohydrate
Outcome Direct or indirect markers of carbohydrate absorption
Setting Intervention trials (randomized and nonrandomized) were included. Since it was expected that few studies

met these criteria, observational studies were also included
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investigated carbohydrate absorption in pediatric mal-

nutrition from 1950 onward were included.
From the articles that were retrieved, studies con-

ducted in children with SAM or that used the terms ma-
rasmus, kwashiorkor, or protein-energy malnutrition

were included, since multiple definitions of SAM or
protein-energy malnutrition have been used in recent
decades.4–7,15 In studies in which a diagnosis of SAM

was used without providing detailed information on
weight-for-height or MUAC, this was noted. All obser-

vational studies in which measures of carbohydrate ab-
sorption were determined were included. Finally, for

intervention studies, only interventions in which the
carbohydrate content or composition was altered were

included. Review articles, studies with data duplication,
studies in adults, and studies not published in English

were excluded (Figure 1). One reviewer performed the
data extraction, which was independently checked by a

second reviewer for accuracy. For controlled studies,
wherever possible, numerical values for main outcome

measures were extracted.

RESULTS

Selection of articles

Figure 1 shows the search flowchart for the systematic

review and the number of articles screened. From the 2
databases, PubMed and Embase, 1774 titles were found.

After the titles were read, 1708 abstracts were excluded.
The remaining 66 articles were then screened on the ba-

sis of the inclusion and exclusion criteria, and 50 arti-
cles were excluded, which left 16 articles of relevance.

After evaluating the reference lists of these 16 articles, 4

additional articles were included (see Appendix S2 in
the Supporting Information online). Overall, on the ba-

sis of the selection criteria, 20 articles were included in
the review (Figure 1).

Dynamic tests of carbohydrate absorption

Multiple techniques were used to assess carbohydrate

absorption in children with malnutrition. The blood
glucose rise after carbohydrate tolerance test was the

most common screening test for diagnosing carbohy-
drate malabsorption. For the oral tolerance test, gener-

ally 2 g of carbohydrate per kilogram of body weight
dissolved in a 10% solution was given orally after a 6-

hour fast, and capillary blood was then sampled every
30 minutes for 2 hours.16 Although not validated, if the

blood glucose rises less than 30 mg/100 mL after the
oral carbohydrate is administered, then intolerance

is considered likely; increments of less than
20 mg/100 mL are generally considered diagnostic of

malabsorption.17

Most studies reviewed here used a glucose response

curve after an oral carbohydrate load; an overview is pre-
sented in Table 2. Children with SAM, when compared
with controls, showed a decline in the average maximum

glucose rise.18–20 Habte et al.21 demonstrated a significant
rise in the concentration of blood glucose in malnour-

ished children after administration of glucoseþ galac-
tose, and sucrose, but not after administration of lactose.

Three studies compared malnourished children before
and after treatment; Viteri et al.22 reported a significant

improvement in carbohydrate absorption after treatment,
and Chandra et al.23 showed that 39% of children with

TITLES through PubMed and EMBASE: 
Combinations of  Keywords and Filter 

= 1774

ABSTRACTS 
EXCLUDED = 1708

ABSTRACTS 
INCLUDED = 66

ARTICLES 
INCLUDED = 16

ARTICLES 
EXCLUDED = 50

ADDITIONAL 
ARTICLES 
INCLUDED             

(by evaluation of 
reference list of the 
selected 16 articles) 

= 4

STUDIES INCLUDED 
IN QUANTITATIVE 

SYNTHESIS
= 20

Figure 1 PRISMA flow diagram of the literature search and selection process
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SAM had an abnormal lactose loading test, whereas 16%

had an abnormal glucoseþ galactose loading test before
the nutritional recovery. James,17 however, showed no

significant improvement in lactose or sucrose absorption
after treatment.

Other studies, instead of comparing treated sub-
jects with control subjects, just investigated plasma glu-
cose increments in children with SAM to indicate

malabsorption after administration of a carbohydrate
load.24–26 Rothman et al.25 showed that glucose incre-

ments in 8 of 12 children with SAM fell below the cutoff
value of 20 mg/100 mL, while increments in the remain-

ing 4 were less than 30 mg/100 mL. When Bowie et al.24

carried out a glucoseþ galactose tolerance test and a

lactose tolerance test in 3 malnourished children whose
diarrhea had been controlled by a carbohydrate-free

diet, lactose administration produced a much lower
plasma glucose increment than a glucoseþ galactose

bolus.
Comparison of absorption of different types of

carbohydrates was also done by using the glucoseþ
galactose combination as the reference carbohydrates

and creating a ratio of other carbohydrates to this
combination. Specifically, Bowie et al.27 illustrated an

absorption ratio of carbohydrates against glucoseþ
galactose in children with kwashiorkor and found that

the plasma glucose increment was 143% for maltose,
124% for sucrose, and 36% for lactose, whereas James17

showed a 70% increase in glucose concentration after a
lactose tolerance test in relation to glucose absorption

after treatment in both moderately acute malnourished
patients and SAM patients. Two studies also looked at

lactose malabsorption in different types of SAM and
found that the proportion of children with lactose mal-

absorption was highest in those with kwashiorkor, sec-
ond highest in those with marasmic kwashiorkor, and

lowest in those with marasmus.17,28 Overall, the above
findings from the oral carbohydrate tolerance tests indi-

cate that carbohydrate malabsorption is prevalent in
children with SAM, and lactose intolerance, in particu-
lar, is a concern in these children.

Multiple studies also measured carbohydrate malab-
sorption by directly aspirating jejunal contents at

15-minute intervals after administration of different
types of carbohydrates. This invasive technique was used

by Cook et al.29 to illustrate a significant decrease in the
absorption of lactose and glucoseþ galactose in children

with SAM compared with healthy subjects. Using the
same technique, James17 also observed a much lower ab-

sorption of all carbohydrates in malnourished children.
A recent study used U-13C labeled glucose for oral

administration and [6,6-(2)H2]glucose for intravenous
administration to calculate glucose absorption and

found that the median cumulative glucose absorption

was strongly decreased in children with SAM compared

with controls.30 Similar findings were also seen in an
earlier study by Lifschitz et al.,31 who used 13C-labeled

glucose to illustrate a significantly delayed appearance
of 13C in the blood of malnourished children with

diarrhea compared with malnourished children without
diarrhea. Torun et al.32 compared the effect of a hydro-
lyzed lactose diet with the effect of a regular lactose-

containing diet on total energy absorption and signs of
carbohydrate malabsorption using an H2 breath test

during the early admission phase and during the recov-
ery phase. No significant difference between the effects

of the two diets on nutrient absorption was detected.

Fecal markers of carbohydrate malabsorption

The other most commonly used clinical methods are
measurement of the fecal pH and output of water and

carbohydrate. Measurement of fecal pH has been found
in practice to be useful in controlling the dietary intake

of carbohydrate in some malnourished children in reha-
bilitation centers, where rapid diagnosis of carbohy-

drate malabsorption is important.23,33 A pH of less than
5.5 (normal pH values range between 7 and 7.5) and the

presence of reducing substances in the feces are indica-
tive of carbohydrate intolerance and malabsorption as a

result of villous atrophy. A higher mean stool weight
and a higher lactic acid content are also consistent with

carbohydrate malabsorption.
As shown in Table 3, reduced fecal pH was ob-

served in children with SAM compared with controls in
the studies that conducted carbohydrate tolerance tests,

although the average pH was still more than 5.5 in all
malnourished cohorts studied.18–20 In particular,

Kerpel-Fornius et al.19 showed, in both SAM subjects
and controls, a higher fecal pH in both the galac-

toseþ glucose and the sucrose tolerance tests than in
the lactose tolerance test. Lower fecal pH was also found

by Rothman et al.25 when a disaccharide-free diet was
compared with a lactose-containing diet, and Chandra
et al.23 showed that the feces of 50% of children with

SAM had a pH below 6. Using a cutoff value of pH be-
low 5.5 and the presence of reducing substances in the

feces, Nyeko et al.28 showed lactose intolerance in
25.5% of children with SAM, of whom 36% had kwashi-

orkor and 24% marasmic-kwashiorkor. This was further
supported by Beau et al.,34 who showed that 26% of

malnourished children had carbohydrate malabsorption
as evidenced by fecal pH below 5.5 and reducing carbo-

hydrates in the stool. Furthermore, within this group of
children, an indication of carbohydrate malabsorption

was present in 47.4% of children in the 6- to 12-month
age group and in 16% of children in the 13- to 24-

month age group but was absent in the 25- to 36-month
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age group. This was further confirmed by Nyeko
et al.,28 who found that the highest level of lactose
intolerance was present within the 3- to 12-month age

group (68%), and it is noteworthy that diarrhea wors-
ened in 35% of these children after the therapeutic milk

diet (F-75 and F-100) was initiated.
Four studies demonstrated a significant reduction in

mean stool weight in children on a disaccharide-free diet
compared with children on a lactose-containing diet

(Table 4).24,25,27,35 Solomons et al.36 found a trend of
lower average stool weight in subjects on a hydrolyzed-

lactose diet compared with those on a lactose diet.
Maclean and Graham37 demonstrated that children with

SAM on a low-lactose diet had a mean stool weight
nearly 3 times lower than that of convalescent children.

In a large study performed in 120 children with kwashi-
orkor, Prinsloo et al.35 compared 6 different diets: 5 that

contained different disaccharides and 1 that contained
no disaccharide. They found that children on the disac-

charide-free diet had the lowest average stool weight.
Overall, the data from fecal examination conducted

in the above studies suggest the prevalence of carbohy-
drate malabsorption in children with SAM, as deter-

mined by increased mean stool mass, the presence of
reducing substances, and an acidic fecal pH.

Metabolic enzymes

The other indirect method used for assessing carbohy-
drate absorption is the measurement of lactase, sucrase,

and maltase activities in jejunal mucosal biopsy sam-
ples.38,39 Mucosal disaccharidases, specifically, are es-

sential for disaccharide absorption.
Based on the results of small-bowel biopsies,

different studies observed reduced levels of disaccha-
ridases in malnourished children, as summarized in

Table 5.17,26,27,35 James17 further illustrated a rise in di-
saccharidase levels after treatment of both children with

moderately acute malnutrition and children with SAM.
In another study, 2 children with SAM showed normal

lactase, sucrase, and maltase activities; 1 child with SAM

had low sucrase and maltase activities and borderline
low lactase activity, and 8 children with SAM had low
lactase and sucrase activities, 6 of whom also had low

maltase activity.27

Anthropometric markers

Measurement of anthropometric markers can be indi-
rectly related to carbohydrate absorption and is harder

to control for influencing factors. A study conducted in
a cohort of 20 male children with SAM indicated that,

despite the increased incidence of diarrhea in the cohort
on a lactose-containing diet compared with the cohort

on a lactose-free diet, both cohorts recovered well and
in a similar fashion with regard to anthropometric char-

acteristics.35 In contrast, 2 studies showed a decreased
weight gain in children on a lactose-containing diet

compared with children on a lactose-free diet.37,40 In
1 study in 20 malnourished children placed on a semie-

lemental diet containing glucose and maltodextrin as
the carbohydrates, the average weight gain after 21 days

was 420 g, while in the 18 malnourished children on the
cow’s milk–based diet, the average weight gain after
21 days was 110 g.40 The second study compared conva-

lescent malnourished children with SAM children on a
low-lactose diet and found that the weight change on

average was 3.28 g/kg/day in convalescent malnourished
children and 2.48 g/kg/day in SAM children.37

DISCUSSION

The current study is the first review to systematically
evaluate carbohydrate absorption in severely malnour-

ished children. Most of the publications included in this
systematic review suggest different levels of carbohy-

drate malabsorption in children with SAM. Establishing
a consistent overview of the current scientific research

is helpful for designing intervention studies that can
contribute data to improve upon the current WHO

guidelines for treatment of SAM.

Table 3 Average stool pH after different carbohydrate-based diets
Reference Type of

malnutrition
Children with
diarrhea
included

No. of
subjects

Average stool pH with different carbohydrate-based diets
(mean 6 SD* or SEM**)

P value

Lactose Galactoseþ glucose Sucrose Disaccharide
free

Kerpel-Fornius
et al. (1966)19

SAMa Yes 4 5.0 6 0.8* 6.1 6 1.0* 6.1 6 1.0* – –
Controls 10 6.8 6 1.0* 7.3 6 1.0* 7.5 6 0.9* – –

Rothman
et al. (1980)25

Kwashiorkor No 12 5.8 6 0.2** – – 6.9 6 0.2** <0.01

Verma &
Saxena (1980)20

Kwashiorkor Yes 2 5.7 – – – –
Controls 10 6.9 – – – –

Abbreviations: SD, standard deviation; SEM, standard error of the mean.
aDefinition of SAM is not in accordance with the current WHO definition (which includes patients with marasmus).

Nutrition ReviewsVR Vol. 74(1):48–58 53



Ta
bl

e
4

St
oo

lw
ei

gh
t

an
d

la
ct

ic
ac

id
co

nt
en

t
af

te
r

di
ff

er
en

t
ca

rb
oh

yd
ra

te
-b

as
ed

di
et

s
or

to
le

ra
nc

e
te

st
s

Re
fe

re
nc

e
Ty

pe
of

m
al

nu
tr

iti
on

Ch
ild

re
n

w
ith

di
ar

rh
ea

in
cl

ud
ed

N
o.

of
su

bj
ec

ts
M

ea
n

(r
an

ge
)6

SD
*

or
SE

M
**

P
va

lu
e

La
ct

os
e

G
al

ac
to

se
þ

gl
uc

os
e

Su
cr

os
e

D
is

ac
ch

ar
id

e
fr

ee

Av
er

ag
e

st
oo

lw
ei

gh
t

(g
/2

4
h)

Av
er

ag
e

st
oo

lL
A

(m
g/

24
h)

)

Av
er

ag
e

st
oo

lw
ei

gh
t

(g
/2

4
h)

Av
er

ag
e

st
oo

l
LA

co
nt

en
t

(m
g/

24
h

Av
er

ag
e

st
oo

l
w

ei
gh

t
(g

/2
4

h)

Av
er

ag
e

st
oo

lL
A

co
nt

en
t

(m
g/

24
h)

Av
er

ag
e

st
oo

lw
ei

gh
t

(g
/2

4
h)

Av
er

ag
e

st
oo

l
LA

co
nt

en
t

(m
g/

24
h)

Bo
w

ie
et

al
.(

19
65

)24
Kw

as
hi

or
ko

r
N

o
16

48
6

6
30

8**
2.

91
6

3.
63

**
–

–
–

–
17

4
6

64
**

0.
12

6
0.

09
**

<
0.

01
11

37
3

6
34

5**
1.

49
6

1.
87

**
13

6
6

91
**

0.
07

6
0.

02
**

<
0.

05
Co

ok
et

al
.(

19
67

)29
Kw

as
hi

or
ko

r
N

o
5

86
.8

(0
–3

25
)^

0.
05

4
(0

–0
.0

31
)^

12
6.

9
(0

–4
10

)^
0.

08
2

(0
–0

.0
62

)^
–

–
–

–
Bo

w
ie

et
al

.(
19

67
)27

Kw
as

hi
or

ko
r

N
o

20
37

4
6

44
9*

1.
58

6
2.

35
*

–
–

–
–

10
84

6
69

*
0.

12
6

0.
15

*
Pr

in
sl

oo
et

al
.(

19
69

)35
Kw

as
hi

or
ko

r
N

o
12

0
37

5
1.

8
16

4
0.

07
5

14
4

0.
07

5
11

6
0.

01
Ro

th
m

an
et

al
.(

19
80

)25
Kw

as
hi

or
ko

r
N

o
12

30
7

6
43

**
–

–
–

–
–

14
2

6
25

**
–

<
0.

01
Ab

br
ev

ia
tio

ns
:L

A,
la

ct
ic

ac
id

;S
D

,s
ta

nd
ar

d
de

vi
at

io
n;

SE
M

,s
ta

nd
ar

d
er

ro
ro

ft
he

m
ea

n.

Ta
bl

e
5

Co
m

pa
ri

so
n

of
di

sa
cc

ha
ri

da
se

le
ve

ls
in

m
al

no
ur

is
he

d
ch

ild
re

n
Re

fe
re

nc
e

Ty
pe

of
m

al
nu

tr
iti

on
Ch

ild
re

n
w

ith
di

ar
rh

ea
in

cl
ud

ed
N

o.
of

su
bj

ec
ts

M
ea

n
6

SD
P

va
lu

e

La
ct

as
e

Su
cr

as
e

Is
om

al
ta

se
M

al
ta

se
Bo

w
ie

et
al

.(
19

67
)27

Kw
as

hi
or

ko
r

N
o

11
12

.5
7

6
24

.6
2a

0.
35

5
6

0.
69

b
57

.6
3

6
78

.7
4a

1.
89

6
2.

71
b

N
D

29
7.

06
6

49
8.

90
a

10
.0

1
6

17
.7

4b
–

Pr
in

sl
oo

et
al

.(
19

69
)35

Kw
as

hi
or

ko
r

N
o

12
0

7a
35

a
51

a
10

0a
–

Pr
in

sl
oo

et
al

.(
19

71
)26

SA
M

c
N

o
10

24
.5

6
7.

69
a

50
.0

8
6

29
.0

5a
67

.9
6

32
.1

5a
18

5.
7

6
97

.3
4a

–
Ja

m
es

(1
97

2)
17

M
AM

an
d

SA
M

c
Ye

s
8

3.
2

6
4.

58
b

2.
8

6
2.

64
b

N
D

N
D

–
Tr

ea
te

d
8

3.
15

6
2.

98
b

5.
19

6
1.

67
b

N
D

N
D

–
Ab

br
ev

ia
tio

ns
:M

AM
,m

od
er

at
el

y
ac

ut
e

m
al

nu
tr

iti
on

;N
D

,n
ot

de
te

rm
in

ed
;S

AM
,s

ev
er

e
ac

ut
e

m
al

nu
tr

iti
on

.
a D

is
ac

ch
ar

id
as

e
le

ve
ls

:m
ic

ro
m

ol
es

of
su

bs
tr

at
e

sp
lit

pe
rm

in
ut

e
at

37
� C

/g
of

pr
ot

ei
n.

b
D

is
ac

ch
ar

id
as

e
le

ve
ls

:m
ic

ro
m

ol
es

of
su

bs
tr

at
e

sp
lit

pe
rm

in
ut

e
at

37
� C

/g
of

w
et

w
ei

gh
t.

c D
ef

in
iti

on
of

SA
M

is
no

ti
n

ac
co

rd
an

ce
w

ith
th

e
cu

rr
en

tW
H

O
de

fin
iti

on
(w

hi
ch

in
cl

ud
es

pa
tie

nt
s

w
ith

m
ar

as
m

us
)

54 Nutrition ReviewsVR Vol. 74(1):48–58



Of the 20 articles in this review, 19 reported some

form of carbohydrate malabsorption in children with
SAM. Most studies, using different approaches, showed

decreased absorption of disaccharides, especially de-
creased absorption of lactose.17–30,34 Several studies re-

ported that all lactose-containing diets significantly
increased stool weight compared with disaccharide-free
diets, which is indicative of lactose malabsorption and

intolerance. Sucrose- and glucoseþ galactose–based
diets resulted in slightly higher stool weights than disac-

charide-free diets but much lower stool weights than
lactose-based diets.35 A trend of a decrease in fecal pH

and an increase in fecal lactic acid content was observed
in malnourished children compared with controls, and

the lowest pH values were seen in malnourished chil-
dren on a lactose-containing diet.19,20,25 The combined

findings provide consistent evidence that lactose malab-
sorption is widely present in children with SAM,

with potentially more severely impaired absorption in
children with kwashiorkor than in those with

marasmus.21,26

Several studies showed decreased absorption of

monosaccharides in malnourished children.18–20,22,23,29–32

As such, infants with acquired monosaccharide intoler-

ance develop chronic acidic diarrhea secondary to carbo-
hydrate malabsorption.41 Importantly, Lifschitz et al.31

observed that the monosaccharide absorption rates in
children with SAM and diarrhea are as low as those in

children with proven congenital glucoseþ galactose mal-
absorption, indicating that glucose or galactose may not

be an effective therapeutic agent for malnutrition with co-
existing diarrhea.

Diarrhea in children with SAM greatly increases
the risk of mortality,11,13 and carbohydrate malabsorp-

tion can induce osmotic diarrhea. Few studies, however,
have evaluated the possible relation between carbohy-

drate malabsorption and clinical outcome. In 2 studies,
the anthropometric markers demonstrated a reduced

weight gain in children with SAM on lactose-containing
diets compared with those on lactose-free diets.37,40 In
support, a study by Kukuruzovic and Brewster42 that in-

cluded both malnourished and nonmalnourished chil-
dren found better weight gain and a lower incidence of

diarrhea after a trial with a low osmolarity lactose-free
formulation compared with a partially hydrolyzed for-

mulation. However, the reduced weight gain after the
lactose-containing diet was not always observed.37 A

study by Brewster et al.43 found lower rates of diarrhea
in children with SAM who were fed a maize-based diet

or a lactose-containing diet. However, the maize-based
diet was associated with higher mortality rates, indicat-

ing certain advantages of a lactose-containing diet.
Notwithstanding, the most consistent findings in the re-

viewed articles were those of lactose malabsorption in

severely malnourished children and increased preva-

lence of diarrhea, especially in infants.17–19,23 Upon
checking whether the children included in these studies

were admitted with or without diarrhea and whether
they were co-treated with antibiotics, it was found that,

in 10 studies (50% of all reviewed studies), the children
had diarrhea at admission. Only 4 of these 10 studies
(20% of all reviewed studies), however, indicated the

presence of culture-proven bacterial intestinal infection
in these children.

Although findings across studies were broadly sim-
ilar, the methodology of the studies and the validity of

the results differed. The blood glucose rise after carbo-
hydrate tolerance test has been used extensively as a

screening test for diagnosing carbohydrate malabsorp-
tion,16 but the result of this test can be influenced by

gastric emptying, factors affecting insulin release, disac-
charidase availability, and the absorption of glucose.44

Since there is no clear clinical guideline for glucose in-
crement reference values after an oral tolerance test to

diagnose carbohydrate malabsorption, different values
were used; for instance, 2 studies used higher values for

malabsorption, which influenced the results.19,23 A low
pH with a high stool weight per 24 hours indicates

carbohydrate malabsorption in children,44 and Robayo-
Torres et al.16 stated that a pH below 5.5 indicates glu-

cose in the stool. The lowest fecal pH reported in the
studies in this review was 5.7, and thus the findings

based on fecal pH values may not be entirely consistent
with carbohydrate malabsorption; nevertheless, all find-

ings presented here indicated below-normal pH values
(7–7.5) in all malnourished children. The breath hydro-

gen test is another tool widely used to diagnose carbo-
hydrate intolerance, as the undigested carbohydrates

are fermented by the gut flora and release hydrogen.16

However, this test is not a quantitative method and can

have false negative results in patients with mucosal
damage or those on antimicrobial therapy; occasional

non-hydrogen production can also cause false negative
results. To obtain a more quantitative evaluation, the
method of isotope-labeled carbohydrate loading fol-

lowed by breath analyses can be used.16 Future studies
need to focus on the fecal osmotic gap to differentiate

between osmotic and secretory diarrhea, thereby facili-
tating differential diagnosis of the origin of diarrhea.

There are several limitations to this study. As with
all studies, there is a risk of publication bias, leading to

an overrepresentation of studies in which significant
changes in carbohydrate absorption were found. For

this review, scientific studies that investigated carbohy-
drate absorption in pediatric malnutrition from 1950

onward were included. As the case definitions have
changed over the years,4–7,15 the older studies may not

necessarily be comparable with the most recent ones. In
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addition, for a number of studies, it was not clear what

definition was used in the different tables, and this
could have led to the inclusion of subjects with either

moderately acute malnutrition or very severe acute
malnutrition, i.e., selection bias. Historically, various

classifications were used to diagnose severe malnutri-
tion, i.e., severe wasting and edematous malnutrition.
The Wellcome classification, introduced in 1970,45 was

based on weight-for-age and was widely used. In light
of the obvious disadvantages of using age and not ac-

counting for stunting, Waterlow46 proposed a new clas-
sification in 1972 that was based on weight-for-height

using the Harvard reference growth curves. The WHO
introduced standardized criteria to interpret anthropo-

metric indicators of nutritional statues only in 1986.47

In 1999, the WHO defined severe malnutrition in chil-

dren as a weight-for-height below �3 standard devia-
tions, which was based on the National Center for

Health Statistics reference data, and/or the presence of
edema to diagnose kwashiorkor.4 Mid-upper arm cir-

cumference was added as an independent criterion in
2005. The only recent study in the present review that

included children on the basis of the current definition
was published in 2011.30 Nevertheless, the data ob-

served from all the other studies were consistent, re-
gardless of whether a clear definition of severe

malnutrition was provided.
Another limitation was that “uncomplicated” and

“complicated” categories of SAM, with “complicated”
meaning SAM accompanied by poor appetite or other

danger signs such as fever, pneumonia, or hypothermia,
could not be analyzed separately. As most of the studies

included in this review were observational and, therefore,
inconclusive, additional interventional and definitive

studies are required to more accurately estimate the
prevalence of lactose intolerance in children with SAM.

Few studies used appropriate statistical techniques to
evaluate findings, and there was limited direct evidence

of how different types of carbohydrate malabsorption
would affect the prognosis of the children with SAM.
There have been a number of studies, including the one

by Torun et al.,32 that evaluated carbohydrate absorption
in the recovery phase, which was not the main aim of the

current review. Leslie et al.48 studied lactose absorption
after a prolonged period of admission for malnutri-

tion and showed an abnormal response in 61% of chil-
dren. A Peruvian study on lactose malabsorption

that included children who had been previously mal-
nourished indicated lactose malabsorption in a substan-

tial proportion of these children, though not all of
them.49

As most studies indicated some degree of disaccha-
ride malabsorption, it is possible that a disaccharide-

based treatment, particularly a lactose-based formula

feeding, is not the optimal treatment in malnourished

children, at least in the initial phase of treatment of
SAM children with diarrhea. These findings are impor-

tant because the therapeutic diets for malnutrition rec-
ommended in the WHO manual typically have high

carbohydrate contents. These milk-based diets have
high lactose levels (7.3 mg/L and 21 g/L–23 g/L for F-75
and F-100, respectively) as well as high osmolality

(333 mOsmol/L and 419 mOsmol/L, respectively).50

Although there is no specific published data available

on tolerability of F-75 or F-100, recently obtained data
(authors’ unpublished data, June 2015) from an ongo-

ing clinical trial in children with SAM in Malawi (the
TranSAM study) showed that 9 of 74 children with

SAM (12%) failed to transition to F-100 or an RUTF
diet.51 Thus, the lower lactose content in F-75 during

the initial phase of severe malnutrition (particularly for
cases of SAM or kwashiorkor with persistent diarrhea),

along with the use of a lactose-free milk, could possibly
benefit selected cases of SAM.

FUTURE DIRECTIONS

Based on the conclusions from this study that carbohy-

drate malabsorption, in general, and lactose intolerance,
in particular, are prevalent in children with SAM, mul-

ticenter observational studies are needed to confirm the
link between SAM, carbohydrate malabsorption, and

clinical outcomes, especially diarrhea. In addition, clini-
cal trials are essential to determine whether reformula-

tion of the nutritional stabilization diet, i.e., F-75, leads
to a lower incidence of diarrhea and an overall

improved clinical outcome. Two trials are currently on-
going to address the role of carbohydrates in diarrhea

and clinical recovery in severe malnutrition
(NCT02246296 [https://clinicaltrials.gov/ct2/show/

NCT02246296] and ISRCTN13916953 [http://www.
isrctn.com/ISRCTN13916953]). In 1 of these trials, the

standard F-75 formula that provides approximately 63%
of total energy from carbohydrates, including 10% from
lactose, is replaced with a reformulated F-75 formula

with a carbohydrate content reduced to 43% of total en-
ergy, without any lactose. Ready-to-use therapeutic

food also has a relatively high carbohydrate content and
often a high sucrose content of more than 20% by

weight. Although patients generally have stabilized by
the time RUTF is introduced, it is likely that enteropa-

thy persists, especially in sicker children with SAM who
require inpatient management. These patients might

therefore be more vulnerable to the development of di-
arrhea when they receive formulations that contain a

high amount of mono- and disaccharides. Specific stud-
ies aimed at determining whether the composition of

RUTF can be optimized are urgently needed. If results
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from trials with F-75 or RUTF indeed indicate that a

high carbohydrate content in these formulations has
clinical relevance, this may have implications for post-

discharge home-based nutrition. Nutritional counseling
could then potentially include the advice to at least limit

the amount of table sugar added to the diet. In addition,
preclinical research is needed to study the underlying
mechanisms of disturbed intestinal function and to test

novel interventions in a model system, both in vitro
and in vivo. The results from these studies can

subsequently guide the design of new clinical interven-
tions to help restore intestinal function in general and

absorption of carbohydrates in particular. As there
might be significant geographical differences with re-

spect to the specific impairments in intestinal function,
clinical trials should ideally be multinational, including

patients from different geographical regions.

CONCLUSION

This review finds a consistently reported reduced
capacity for carbohydrate absorption in severely

malnourished children. The extent of carbohydrate
malabsorption, the impact of malabsoprtion on severe

diarrhea, dehydration, and other adverse clinical out-
comes, and the relationship between malabsorption and

infection are unclear, owing to the lack of conclusive
studies. Most of the observational studies reviewed here

suggested a prevalence of lactose malabsorption, while
other studies suggested glucoseþ galactose malabsorp-

tion. The consistent observation of malabsorption of
both monosaccharides and disaccharides could have

profound implications for current treatment of severe
malnutrition, since the therapeutic foods in most treat-

ment protocols have a relatively high carbohydrate
content.
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