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Background
While childhood diarrhea mortality has declined steadily
since the 1980s, diarrheal disease remains the third lead-



Search results and study selection
All titles and abstracts returned by the electronic search
as well as the reference lists of previous related reviews
were independently screened for relevance in duplicate.
The full-text reports of all titles screened as relevant
were then independently examined in duplicate, to
determine each study’s eligibility with respect to the
review inclusion criteria – i.e. randomized controlled
trials that evaluated food-based dietary interventions



Table 1 Comparison definitions, study diets, and inventory of available outcome data

Study ID Intervention diet Control diet Available outcome data

Duration Stool
output

Weight
change

Treatment
failure



examining the extent of confidence interval overlap in
the forest plots and we quantified heterogeneity using the
I-squared statistic, with an I-squared value of 50% or
greater indicating moderate heterogeneity [21]. All meta-
analyses were conducted in Review Manager 5.1.

Results
Identification of studies
Our electronic search strategy returned 4586 titles and
abstracts from which 195 papers were screened as rele-
vant and retrieved for full-text examination (Figure 1).
An additional 11 relevant titles were identified from the
reference lists of previous reviews related to our topic.
After excluding 139 papers that either did not meet our
inclusion criteria, did not apply co-interventions equally
across all study groups or were additional reports of
already included studies, the remaining 67 studies were
assessed as eligible for inclusion. Of these, 38 studies
either included dietary comparisons that were not con-
sistent with any of the four comparisons on which this
review focused or did not report sufficient data for any
four outcomes of interest, or both (Additional File 3).
The remaining 29 studies were included in the quantita-
tive data synthesis (Table 1).

Quantitative data synthesis
The results from the meta-analyses conducted for each
comparison and outcome are presented below, stratified

by duration of diarrhea at study enrolment. The forest
plots generated for all meta-analyses are presented in
Additional File 4.

1. Liquid feeds: reduced lactose versus regular lactose
Acute diarrhea
Eight trials among children with acute diarrhea com-
pared diets comprised partially or wholly of lactose-
containing liquid feeds, where the lactose content of one
liquid feed was reduced compared to the lactose content
of the other. Five studies [22-26] compared diluted to



Persistent diarrhea
A single study among well-nourished children with per-
sistent diarrhea compared a fermented milk formula
with a regular milk formula, with both study groups also
receiving cereals and vegetable soup [30]. Data on diar-
rhea duration were not reported, and no statistically sig-
nificant effect was shown for either stool output or
weight change. A large and statistically significant reduc-
tion in the risk of treatment failure was reported for the





Table 3 Quality assessment of studies on lactose-free versus lactose-containing liquid feeds

QUALITY ASSESSMENT SUMMARY OF FINDINGS

Number
of

studies

Diarrhea
mode

Design Limitations Consistency Generalizability to population of interest Overall
quality of
evidence

Number of events
in intervention

group

Number of
events in

control group

Effect size (95%
CI)

OUTCOME: DURATION OF DIARRHEA Standardized
Mean Difference

5 Acute RCT Study quality
ranges from

moderate to high

Heterogeneous
(I2= 60%)

Infants and young children (≤24m) with acute
diarrhea, without severe malnutrition, in LMICs

Moderate - - -0.36 [-0.62, -0.10]

0 Persistent RCT No studies - - - - - -

OUTCOME: STOOL OUTPUT Standardized
Mean Difference

3 Acute RCT Study quality
ranges from

moderate to high

Heterogeneous
(I2= 76%)

Infants and young children (≤24m) with acute
diarrhea, without severe malnutrition, in LMICs

Moderate - - -0.26 [-0.80, 0.28]

0 Persistent RCT No studies - - - - - -

OUTCOME: WEIGHT GAIN Standardized
Mean Difference

3 Acute RCT Study quality
ranges from

moderate to high

Heterogeneous
(I2= 41%)

Infants and young children (≤24m) with acute
diarrhea, not severely malnourished, in LMICs

Moderate - - 0.05 [-0.22, 0.33]

1 Persistent RCT Single study of low
quality

- Infants and young children (≤22m) with persistent
diarrhea, not dehydrated or severely

malnourished, in LMICs

Very low - - 0.90 (0.07, 1.73)

OUTCOME: TREATMENT FAILURE Risk Ratio

7 Acute RCT Study quality
ranges from low to

high

Consistent
(I2= 0%)

Infants and young children (≤24m) with acute
diarrhea, not severely malnourished, in LMICs

Moderate 50 57 0.53 [0.40, 0.70]

2 Persistent RCT Only two studies, of
low and high

quality

Consistent
(I2= 0%)

Infants and young children (≤36m) with persistent
diarrhea, not severely malnourished, in LMICs

Low 4 11 0.17 [0.06, 0.48]
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were consistent in direction (Figure 2). No effect of lac-
tose-free liquid feeds was shown in the pooled results



included regular cow’s milk with [35] or without wheat
noodles [23,35] in two studies; chicken-containing for-
mulations in two studies [17,44]; rice and lentils or
beans in two studies [42,46]; porridges made from
wheat, potato, maize or carrot flours in two studies
[39,43]; and boiled rice alone in one study [45]. All stu-
dies excluded children with severe malnutrition.
The pooled results from three studies reporting on

duration [35,42,45], four studies reporting on stool out-
put [17,35,44,45], five studies reporting on weight gain
[17,35,42,44,45] and eight studies reporting on treatment
failure [23,35,39,42-46] showed no statistically significant
effect of commercial/specialized diets compared to home
available diets on any outcome (Table 5). The overall
quality of evidence was assessed as moderate for all four
outcomes.
When we restricted these analyses to only those studies

in which both the intervention and control diets were
both lactose-free, no statistically significant effects of the
commercial/specialized diets were shown with respect to
duration, stool output or treatment failure, but the pooled
result from three studies reporting on weight gain
[17,44,45] showed a statistically significant reduction in
weight gain with commercial/specialized diets compared
to home-available diets (SMD: -0.30; 95%CI: -0.55 to
-0.04; p=0.02) (Additional File 4).



Table 4 Quality assessment of studies on lactose-free liquid feeds versus lactose-containing mixed diets

QUALITY ASSESSMENT SUMMARY OF FINDINGS

Number
of

studies

Diarrhea
mode

Design Limitations Consistency Generalizability to population of
interest

Overall
quality of
evidence

Number of events
in intervention

group

Number of
events in

control group

Effect size (95%
CI)

OUTCOME: DURATION OF DIARRHEA Standardized
Mean Difference

1 Acute RCT Single study of high
quality

- Non-malnourished infants and young
children (≤24m) with acute diarrhea in

LMICs

Low - - 0.75 [0.22, 1.28]

1 Persistent RCT Single study of moderate
quality

- Malnourished weaned infants and young
children (≤36m) with persistent diarrhea

in LMICs

Low - - 0.28 [-0.35, 0.90]

OUTCOME: STOOL OUTPUT Standardized
Mean Difference

1 Acute RCT Single study of high
quality

- Non-malnourished infants and young
children (≤24m) with acute diarrhea in

LMICs

Low - - 0.62 [0.09, 1.14]

2 Persistent RCT Only two studies, both of
moderate quality

Heterogeneous
(I2= 50%)

Malnourished weaned infants and young
children (≤36m) with persistent diarrhea

in LMICs

Low - - 0.22 [-0.33, 0.78]

OUTCOME: WEIGHT GAIN Standardized
Mean Difference

1 Acute RCT Single study of high
quality

- Non-malnourished infants and young
children (≤24m) with acute diarrhea in

LMICs

Low - - 0.21 [-0.31, 0.72]

2 Persistent RCT Only two studies, both of
moderate quality

Heterogeneous
(I2= 94%)

Malnourished weaned infants and young
children (≤36m) with persistent diarrhea

in LMICs

Low - - -0.35 [-2.00, 1.31]

OUTCOME: TREATMENT FAILURE Risk Ratio

2 Acute RCT Only two studies, ranging
from moderate to high

quality

Heterogeneous
(I2= 60%)

Non-malnourished infants and young
children (≤24m) with acute diarrhea in

LMICs

Low 7 3 1.79 [0.15, 20.66]

2 Persistent RCT Only two studies, both of
moderate quality

Heterogeneous
(I2= 72%)

Malnourished weaned infants and young
children (≤36m) with persistent diarrhea

in LMICs

Low 6 7 1.25 [0.07, 23.66]
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Table 5 Quality assessment of studies on commercial/specialized ingredients versus home-available ingredients

QUALITY ASSESSMENT SUMMARY OF FINDINGS

Number
of

studies

Diarrhea
mode

Design Limitations



comparison of lactose-free with lactose-containing liquid
feeds in persistent diarrhea, reported above.
When we restricted these analyses to only those two

studies in which the commercial/specialized diet and the
home-available diet were both lactose-free [18,47], no
statistically significant effects were shown with respect
to any of the four outcomes, though the overall quality
of evidence for these outcomes was low. Both studies



least moderately malnourished. Thus, the particular char-
acteristics associated with an increased risk of lactose
intolerance among children with diarrhea remain
unclear.
The potential benefits of feeding yogurt during diar-

rhea have been considered in previous reviews of the
literature [8,12,14], but we were able to find and include
only four randomized controlled trials of acidified or
fermented milk products that were compatible with the
comparisons and outcomes of interest to the present
review, and these trials contributed to our analyses on
the lactose content of liquid feeds. The two trials report-
ing on the outcome of duration in acute diarrhea [26,29]
both showed significant decreases in duration with the
yogurt feeds compared to the regular milk feeds (Addi-
tional File 4). We excluded from our study one recent
trial from Brazil that compared yogurt to several lac-
tose-free liquid feeds among children with persistent
diarrhea and found a significant beneficial effect of the
yogurt-based diet with respect to diarrhea duration and
stool output [50]. However, the yogurt-based diet inad-
vertently included a far higher concentration of zinc
than any of the lactose-free diets. While the therapeutic



certainly a consequence of the limited attention paid to
childhood diarrhea in recent years.

Conclusions
Continued feeding is important for limiting the nutri-
tional consequences of decreased intake, digestion and
absorption of essential nutrients during diarrheal illness.
Among children in low- and middle-income countries,
where the dual burden of diarrhea and malnutrition is
greatest and where access to proprietary formulas and
specialized ingredients is limited, continued breastfeeding
should be encouraged and the use of locally available age-
appropriate foods should be promoted for the majority of
acute diarrhea cases. Lactose intolerance is an important
complication in some cases, but even among those chil-
dren for whom lactose avoidance may be necessary,
nutritionally complete diets comprised of locally available
ingredients can be used as least as effectively as commer-
cial preparations or specialized ingredients. These same
conclusions may also apply to the dietary management of
children with persistent diarrhea, but the evidence
remains limited. Overall, our review is supportive of cur-
rent WHO/UNICEF recommendations for continued
breastfeeding and administration of home-available age-
appropriate foods to children 6 to 59 months of age with
diarrhea.

Additional material

Additional File 1: Electronic search strategy for Medline, Embase
and AMED databases
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the quantitative data synthesis
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data synthesis
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