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Background: Undernutrition predisposes children to a greater incidence and duration of diarrhea. No
review and meta-analysis have yet been conducted to assess effectiveness of probiotics and synbiotics in
undernourished children.

Aims: To assess the effectiveness of probiotics and synbiotics on diarrhea in undernourished children.

K?yWDTdSI Methods: Randomized, double-blind, placebo-controlled trials evaluating the effects of probiotics and
E‘a:}hs& synbiotics on diarrhea in undernourished children were searched from 1990 to May 2020. Recommen-
S;?‘blic;tliccz dations of the Cochrane Handbook and the Preferred Reporting Items for Systematic Review and Meta-
Undernutrition Analysis (PRISMA) statement were followed.

Children Results: The systematic review identified 15 trials with 6986 patients. The meta-analysis revealed that

treatment with probiotic or synbiotic reduced significantly both the duration of diarrhea [Weighted
mean difference (WMD) = —1.05 day, 95% CI (—1.98, —0.11)] and the hospital stay duration [Standard
mean difference (SMD) = —2.87 days, 95% CI (—5.33, —0.42)], especially in specific patient subsets. In
both groups, similar rates of vomiting and nutritional recovery were observed. No probiotics or
synbiotics-related adverse effects were reported. Subgroup analyses showed that probiotic and synbiotic
treatment were more effective in reducing risk of diarrhea in outpatients [Risk ratio (RR) = 0.86, 95%CI
(0.75—0.98)].
Conclusion: This meta-analysis supports the potential beneficial roles of probiotics and synbiotics on
diarrhea in undernourished children.

© 2020 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

Globally, an estimated 200 million children younger than 5
years of age suffer from undernutrition, contributing to 45% of all
child deaths every year, and 11% of the total global disability-
adjusted-life-years worldwide [1,2]. Undernutrition leads to long
term consequences in impairing the cognitive and physical devel-
opment of children, and the economic productivity of individuals
and societies [3].
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Diarrhea continues to be a leading cause of death in children
younger than 5 years of age in low- and middle-income countries,
and a leading cause of morbidity worldwide. It leads to a high rate
of hospitalization, and is associated with an economic burden
inflicted by parents' absence from work [4]. Furthermore, diarrhea
has long been linked to a reciprocal cycle of malnutrition and
infection among vulnerable children in low- and middle-income
countries [5]. This highlights the importance of developing safe,
efficient and multifactorial intervention strategies to address
malnutrition and enteric infections as major public health chal-
lenges [6].

The relationship between gut microbiota, diarrhea and un-
dernutrition has attracted attention in recent years. Undernutri-
tion predisposes children to a greater incidence and duration of
diarrhea, and it can be triggered or worsened by significant
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diarrhea [7]. Diarrhea leads to reduced absorption of carbohy-
drates, protein, potassium, zinc and other nutrients, further
contributing to undernutrition [8]. Breastfeeding, food and water,
sanitation and hygiene are major protective factors against un-
dernutrition and diarrhea [9]. Early depletion in gut Bifidobacte-
rium longum, and later, the absence of the healthy mature
anaerobic gut microbiota leads to deficient energy harvest,
vitamin biosynthesis and immune protection, and is associated
with diarrhea, malabsorption and systemic invasion by microbial
pathogens. These two events represent the main steps in gut
microbiota alteration, and are associated with undernutrition [9].

Germ-free animal studies have provided evidence of the
mechanisms by which gut immaturity contributes to undernutri-
tion through interaction with the diet. In a study involving 377
Malawian twin pairs in the first three years of live, Smith et al. [10]
characterized the gut microbiome of twin pairs discordant for
kwashiorkor during and after treatment with ready-to-use thera-
peutic food. A model of gnotobiotic mice was used to test the
effectiveness of the same nutritional intervention, following
transplantation of frozen fecal communities from three twin pairs,
with one twin from each pair suffering from kwashiorkor, into
germ-free mice. The animals were then fed the low-caloric density
and nutrient-deficient diet similar to that of Malawian children.
After 3 weeks, their diet was switched to the high energy, micro-
nutrient rich ready-to-use therapeutic food for 2 weeks and then
switched back to the initial Malawian diet. A significative difference
in weight change between mice transplanted with healthy and
kwashiorkor fecal communities was observed. Furthermore, a more
dramatic change in body weight when switching between diets in
kwashiorkor mice than in the healthy control mice was reported.
This study suggested clinically important differences in the gut
microbiota of children who develop kwashiorkor versus their
healthy twin, which may determine the response to dietary change.
Additionally, the study indicated that gnotobiotic mice, trans-
planted with the fecal communities of different groups, might be a
valuable model in devising individualized dietary interventions.

Recently, Gehrig et al. [11] have integrated preclinical gnotobi-
otic animal models with human studies to understand the contri-
butions of perturbed gut microbiota development to childhood
undernutrition and to identify new microbiota-directed therapeu-
tic approaches. They identified a set of proteins that distinguish the
plasma proteomes of healthy children from those with severe acute
malnutrition. This finding allowed them to develop microbiota-
directed complementary foods that shifted the plasma proteome
of children with moderate acute malnutrition toward that of
healthy individuals, including proteins involved in linear growth,
bone development, neurodevelopment, and immune function.

The past decade has seen a new era in medical science with
increased use of probiotics and synbiotics. Probiotics are “live mi-
croorganisms which, when administered in adequate amounts,
confer a health benefit on the host” [12]. Prebiotics have been
consensually defined as a substrate that is selectively utilized by
host microorganisms conferring a health benefit [13], whereas
synbiotics are a mixture of probiotics and prebiotics [14]. Probiotic
microorganisms act via a variety of means, including modulation of
immune function, production of organic acids and antimicrobial
compounds, interaction with resident microbiota, interfacing with
the host, improving gut barrier integrity and enzyme formation.
Prebiotics effects include defense against pathogens, immune
modulation, mineral absorption, bowel function, metabolic effects
and satiety [15].

In well-nourished children, meta-analyses have shown that
probiotics and synbiotics may reduce the risk of diarrhea, as well as
the duration of diarrhea and hospitalization [16—18]. Furthermore,
other studies have reported that probiotics and synbiotics may also
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enhance child growth by preventing infections and micronutrient
deficiencies, as they have been shown to improve the absorption of
certain nutrients (calcium, zinc and vitamin B12) [19,20] and
reduce the risk of anemia [21].

Although the last few years have seen data emerge from many
probiotics and synbiotics human studies, a search of the Cochrane
Library, PubMed, and Scopus did not reveal any review and meta-
analysis in undernourished population. This review aims to assess
the effectiveness of probiotics and synbiotics (any specified strain
or dose), compared with placebo, in the management of diarrhea in
undernourished children.

2. Materials and methods

This systematic review was conducted according to the
Cochrane Handbook for systematic reviews of intervention guide-
lines, the Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA) statement, and the Cochrane statistical
methods guidelines [22,23]. It did not involve any animal, cell or
human experimental research.

2.1. Search strategy and selection criteria

The Cochrane Central Register of Controlled Trials (CENTRAL, the
Cochrane Library), MEDLINE, and EMBASE databases were searched,
with no language restriction nor geographical limits. The search
strategy was conducted with Medical Subject Headings (MeSH) and
search text word terms outlined in Table 1. Furthermore, reference
lists of all included studies and review articles identified by the
search were also checked to identify other relevant studies.

2.2. Eligibility and exclusion criteria

Only randomized controlled trials (RCTs) were eligible for in-
clusion. Participants were undernourished children. Childhood
undernutrition encompassed various clinical forms, including
stunting (low height-for-age < —2 Standard deviation (SD)),
wasting (low weight-for-age <-2 SD) and underweight (low
weight-for-height <-2 SD). Patients in the experimental groups
received probiotics or synbiotics at any type, dose and duration.
Subjects in the control group received placebo or no additional
intervention. The primary outcome measures were the incidence of
diarrhea; the duration of diarrhea, the duration of hospitalization;
and the number of episodes of diarrhea. The secondary outcome
measures were the duration of vomiting; the adverse effects of
probiotics/synbiotics; and the nutritional recovery.

Exclusion criteria were: (i) studies in well-nourished children;
(ii) studies no related to study outcomes; (iii) studies related to
neonates or adult persons; (v) studies in animals; and (vi) no RCTs.

Table 1
Search terms used in search strategy.

1) Malnutrition OR malnourished OR undernutrition OR underweight

2) Severe acute malnutrition OR kwashiorkor OR marasmus OR stunting OR
wasting

3) Protein-energy malnutrition OR child nutrition disorders OR infant
nutrition disorders

4) OR1-3

5) Randomized controlled trial OR randomized OR randomly OR trial

6) Controlled clinical trial OR clinical trial as topic OR placebo

7) OR 5-6

8) Probiotics OR probiotics and prebiotics OR Synbiotics OR fermented milk

products
9) 4 AND 7 AND 8
10) Limit 9 to human
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2.3. Selection of studies and data extraction

Two review authors (RMK and FIN) independently screened all
studies by title and abstract. Studies fulfilling the inclusion criteria
have been selected. Disagreements was resolved by discussion
between the 2 authors. Two investigators (GAN and ]JBK) inde-
pendently extracted the data from each included study. The
following data were extracted: author, year of publication, country,
age group, patient source, type of undernutrition, sample size,
experimental and control treatments, dose, and duration of inter-
vention. Data regarding main outcome indicators included the
following: incidence of diarrhea, duration of diarrhea, duration of
hospitalization, and number of episodes of diarrhea per child year.
Secondary outcome data included duration of vomiting, adverse
effects of probiotics and synbiotics, and nutritional recovery. If the
study data were unclear, we contacted the trial authors to obtain
clarification.

2.4. Risk of bias assessment

Risk of bias was assessed independently by 2 authors (GAN and
JBK), and disagreements were resolved by discussion between the 2
authors, and, when necessary, by consulting a third review author
(RMK). The Revised Cochrane risk-of-bias tool for randomized trials
(RoB2) was used. The risk of bias parameters included the type of
randomization method (selection bias), allocation concealment
(selection bias), blinding of participants and personnel
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(performance bias), blinding of outcome assessment (detection
bias) and incomplete outcome data (attrition bias). Each trial was
graded as ‘yes’, ‘probably yes’, no’, ‘probably no’, or ‘no information’
with respect to the abovementioned aspects, representing a high
risk of bias, a low risk of bias, or some concerns bias, respectively
[24].

2.5. Rating the quality of evidence

The GRADE (Grading of Recommendations, Assessment Devel-
opment and Evaluations) approach was used to assess the quality of
the supporting evidence for main outcomes. GRADE pro software
(https://gdt.grade pro.org) [25] was used to import the data from
Review Manager 5.3 (RevMan 5.3) to create “summary of findings”
tables. These tables provided outcome-specific information con-
cerning the overall quality of evidence derived from the included
studies, the magnitude of the effects of the interventions examined
and the sum of the available data on the outcomes that were
considered. The quality of the evidence was categorized as high,
moderate, low or very low based on consideration of the risk of
bias, the directness of evidence, consistency and precision of the
estimates.

2.6. Statistical analysis

Statistical analyses were performed using RevMan 5.3 soft-
ware. Regardless of heterogeneity between the pooled studies, we

)
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Fig. 1. PRISMA flow diagram for selection of studies.

3


https://gdt.grade
http://pro.org

Table 2

Characteristics of the included studies.

Study Country Age range  Patient source Type of n (exp/control) Intervention Control Dosage (CFU/ Duration
(month) undernutrition day)
Aflatoonian Iran 24-59 Outpatients Underweight 69 (37/32) Synbiotic Placebo sachet daily which similar 1.0 x 10° 30 days
et al., 2020 Probiotics: taste, smell, and appearance with
[36] Lactobacillus acidophilus, synbiotic sachet
Lactobacillus rhamnosus,
Lactobacillus bulgaricus,
Lactobacillus casei, Bifidobacterium
infantis, Bifidobacterium breve, and
Streptococcus thermophilus
Prebiotic: Fructo-oligosaccharide
Karaetal,2019 Turkey 6—59 Outpatients Underweight, 100 (50/50) Lactobacillus rhamnosus GG No treatment 1.0 x 10° 3 months
[30] Stunting and
wasting
Grenov et al., Uganda 6—59 Inpatients Wasting 400 (200/200) Bifidobacterium animalis subsp lactis  One sachet daily containing 1g of 1.0 x 10'° 8—12 weeks
2017a [29] and Lactobacillus rhamnosus maltodextrin without probiotic
Grenov et al., Uganda 6—59 Outpatients Wasting 327 (164/163) Bifidobacterium animalis subsp lactis ~ One sachet daily containing 1g of 1.0 x 10'° 8—12 weeks
2017b [29] and Lactobacillus rhamnosus maltodextrin without probiotic
Sur et al,, 2011 India 12-59 Outpatients Underweight 3585 (1802/ Lactobacillus casei The same nutrient drink daily 6.5 x 10° 12 weeks
[31] 1783) without probiotic
Sawazal et al,, India 12-36 Outpatients Wasting ad 422 (205/217) Synbiotic The same milk without Synbiotic 1.9 x 107 1 year
2010 [37] stunting Probiotic: Bifidobacterium lactis
HNO19
Prebiotic: Oligosaccharide
Basu et al,, India Unclear Inpatients Underweight 371 (186/185) Lactobacillus rhamnosus GG ORS without probiotics 10'2 CFU Minimum
2009a [28] period of 7 days
Basu et al., India Unclear Inpatients Underweight 373 (188/185) Lactobacillus rhamnosus GG ORS without probiotics 10'° CFU Minimum
2009b [28] period of 7 days
Kerac et al., Malawi 5-168 Inpatients and Wasting 795 (399/396) Synbiotic RUTF without Synbiotic 1 x 10" 10 weeks
2009 [38] outpatients Probiotics:
Pediococcus pentosaceus,
Leuconostoc mesenteroides,
Lactobacillus paracasei ssp paracasei
and Lactobacillus plantarum
Prebiotic: oat bran, inulin, pectin,
and resistant starch
Basuetal, 2007 India >24 Inpatients Underweight 235(117/118) Lactobacillus rhamnosus GG Readymade disposable poly packs 6 x 107 Minimum 7
[32] of ORS without Lactobacillus days or till
rhamnosus GG diarrhea has
stopped
Agarwal 2002a India 6—59 Inpatients and Underweight 102 (52/50) Lactococcus lactis, Lactococcus lactis ~ Ultra-heat-treated yoghurt 1 x 108 3 months
[27] outpatients cremoris, and Leuconostac preparation
mesenteroides cremoris
Agarwal 2002b  India 6—59 Inpatients and Underweight 98 (48/50) Lactobacillus casei, Lactobacillus Ultra-heat-treated yoghurt 1 x 108 3 months
[27] outpatients bulgaricus and Streptococcus preparation
thermophilus
Saran 2002 [33] India 24-59 Outpatients Stunting 100 (50/50) Lactobacillus acidophilus an isocaloric supplement (two 1x 108 6 months
biscuits each)
Oberhelman Peru 6—24 Outpatients Underweight 204 (99/105) Lactobacillus rhamnosus GG Identical-appearing placebo 3.7 x 10'° 15 months
et al., 1999 capsule administered in identical
[34] fashion.
Razaetal, 1995  Pakistan 1-24 Inpatients Underweight 40 (21/19) Lactobacillus rhamnosus GG Microcrystalline cellulose with 1 x 10'° 2 days

[35]

identical appearance mixed in
10 ml of ORS twice a day

CFU: Colony-forming units; exp: exposed; ORS: Oral Rehydration Salts; RUTF: ready-to-use therapeutic food.
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Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias
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Fig. 2. Bias risk assessment of the RCTs on the effects of probiotics and synbiotics in undernourished children with diarrhea.

used a random-effects model to synthesize all data. We sought
missing data from the trial authors. Outcome measures were
analyzed on an Intention-to-treat population. Continuous
outcome variables were assessed with Mean Differences (MDs)
and 95% confidence intervals (CIs), and dichotomous outcomes
were evaluated with aggregated risk ratios (RRs) and 95% Cls. We
calculated the rate ratio of episode rates (episodes per child year)
of diarrhea between two groups and the standard error of rate
ratio according to the Cochrane Handbook for Systematic Reviews
of Interventions [23]. We used the generic inverse variance data
to pool these studies.

Statistical heterogeneity was evaluated with the Chi? test with
significance being set at P value < 0.1. The degree of heterogeneity
among the studies was measured by the I statistic. An F statistic
<40% was considered to be a low level of heterogeneity, 41%—60% a
moderate level, 61%—90% a substantial heterogeneity, and >90% a
considerable heterogeneity [26]. We did not assess the presence of
publication bias in this review, due that funnel plots are difficult to
detect with small numbers of studies (i.e. less than 10) in system-
atic reviews.

Subgroup analyses were conducted to evaluate the influence of
patient source, type of undernutrition, combination of probiotics,
dose, and duration of intervention on the main overall outcome
indicators. We did not perform a sensitivity analysis since only a
few studies were included in each subgroup.

3. Results
3.1. Study selection

A total of 1239 studies were included after an initial search,
of which 1181 studies did not fulfil the inclusion criteria as
determined by screening the titles and abstracts. Sixty-two
potential trials were selected for full-text assessment, and 47
studies were excluded. A total of 15 RCTs were included in the
meta-analysis. The detailed selection process is presented in
Fig. 1.

3.2. Characteristics of the included studies

A total of 6986 participants (3618 in the experimental group and
3368 in the control group) in 15 RCTs were identified in the liter-
ature. Two experimental arms in the study of Agarwal et al. [27]
were listed separately to exhibit different strains of probiotics,
which were marked as Agarwal 2002a and Agarwal 2002b. Simi-
larly, two experimental arms in the study of Basu et al. [28] were
listed separately to exhibit different doses of probiotics, which were
marked as Basu 2009a and Basu 2009b. In the study of Grenov et al.

[29], two experimental arms were also listed separately to exhibit
different management and follow-up, which were marked as Gre-
nov 2017a and Grenov 2017b. Eleven trials were conducted in Asia,
three in Africa and one in South America. Patients were followed up
as outpatients (7 RCTs), inpatients (5 RCTs) and both (3 RCTs).
Twelve studies [27—35] presented the results of probiotic in-
terventions, whereas synbiotic interventions were reported in 3
trials [36—38]. Six trials used a mixture of probiotics including 2 to
7 strains [27,29,36,38], while 8 studies used a single probiotic strain
[28,30—35,37]. Lactobacillus, Bifidobacterium, Streptococcus, Lacto-
coccus, Pediococcus and Leucostonac were the 6 genera of probiotics
used in the trials. Lactobacillus was the most commonly genus of
probiotics used (13 RCTs), including the Lactobacillus rhamnosus GG
strain in 9 RCTs. The daily dose of probiotics in these trials ranged
from 1.9 x 107 to 1 x 10" colony-forming units (CFU). Other
detailed characteristics of the included RCTs are presented in
Table 2.

3.3. Risk of bias assessment

Most trials were at risk of bias for at least one of the domains
(see Fig. 2). Only 72% of trials adequately generated their
randomization sequence; Fifty-six percent adequately concealed
allocation, and 61% blinded participants, study personnel, and
outcome assessors. There were incomplete outcome data in almost
28% of trials. Overall, only five studies were considered to be at low
risk of bias with regard to adequate randomization, allocation
concealment, blinding, and follow-up.

3.4. Main outcome indicators

3.4.1. Incidence of diarrhea

A total of 6 studies [29—31,33,36] with 1932 individuals re-
ported the incidence of diarrhea. A pooled analysis of data from
these studies revealed that, compared with placebo, probiotics and
synbiotics did not reduce significantly the risk of diarrhea [RR 0.87,
95% CI (0.74, 1.02)]. There was a substantial heterogeneity among
studies (P < 0.1, P = 78%) (Fig. 3A).

3.4.2. Duration of diarrhea

Nine trials [27—29,32—34] were included in the pooled analysis
of the effects of probiotics and synbiotics on the duration of diar-
rhea, including 1094 undernourished children allocated to treat-
ment groups, and 900 undernourished children allocated to control
groups. The pooled results suggest that probiotic and synbiotic
supplementation can reduce the duration of diarrhea in under-
nourished children with diarrhea [WMD -1.05 day, 95% CI
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Probiotic/Synbiotic

Placebo

Risk Ratio

Risk Ratio
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Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Inpatient
Raza 1995 5 16 12 16 3.8% 0.42[0.19, 0.91]
Grenov 2017a 177 200 169 200 29.4% 1.05[0.97, 1.13] -
Subtotal (95% CI) 216 216  33.1% 0.71[0.28, 1.83] e —
Total events 182 181
Heterogeneity: Tau? = 0.40; Chi* = 5.96, df =1 (P = 0.01); I = 83%
Test for overall effect: Z = 0.70 (P = 0.48)
1.1.2 Oupatient
Aflatoonian 2020 3 37 5 32 1.4% 0.52[0.13, 2.00]
Saran 2002 21 50 35 50 11.8% 0.60 [0.41, 0.87] -
Sur 2011 608 1802 674 1783 28.8% 0.89[0.82, 0.97] el
Grenov 2017b 107 164 116 163 24.9% 0.92[0.79, 1.06] Dl
Subtotal (95% Cl) 2053 2028 66.9% 0.86 [0.75, 0.98] <&
Total events 739 830
Heterogeneity: Tau? = 0.01; Chi? = 5.03, df =3 (P = 0.17); 1> = 40%
Test for overall effect: Z = 2.24 (P = 0.02)
Total (95% CI) 2269 2244 100.0% 0.87 [0.74, 1.02] L 2
Total events 921 1011
Heterogeneity: Tau? = 0.02; Chi? = 23.11, df = 5 (P = 0.0003); I> = 78% 50_1 sz ois > t 5 10=
Test for overall effen;t: Z=173 (P.= 0.08) Favours Probio/Synbiotic Favours Placebo
Test for subgroup differences: Chi? = 0.15, df = 1 (P = 0.70), I? = 0%

A

Probio/ Synbiotic Placebo Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
14.3.1 Inpatients
Agarwal 20023 1.65 0585 40 21 072 55 13.8% -045[F0.71,-0.19] -
Basu 2007 53 21 117 92 28 118 131% -3.90[4.53-3.27) =
Basu 2009 507 134 374 723 127 185 138% -216[2.39,-1.93] =
Grenov 2017a 6.9 6 200 65 64 200 11.3% 0.40 [-0.82,1.62] -
Subtotal (95% CI) 731 558 52.0% -1.58[-2.98,-0.18] <l
Heterogeneity: Tau®=1.92; Chi*= 161.63, df= 3 (P < 0.00001); F=98%
Test for averall effect 2= 2.22 (P =0.03)
14.3.2 Qutpatients
Agarwal 2002h 205 089 50 24 08 24 135%  -0.35[-0.79,0.09 =
Grenov 2017h 6 82 164 85 108 163 8.2% -2.50[4.59, -0.41] —
Oberhelman 1899 2.08 192 99 211 213 105 133% -0.03 [-0.59, 0.53] -
Saran 2002 428 2 50 398 1.26 50 12.9% 0.30 [-0.41,1.01] T
Subtotal {95% CI) 363 342 48.0%  -0.21[-0.75,0.34] &
Heterogeneity: Tau®=0.17; Chi*= 7.36, df= 3 {P = 0.06), = 59%
Test for averall effect: Z=0.74 {F = 0.46)
Total (95% CI) 1094 900 100.0% -1.05[-1.98,-0.11] -
Heterogeneity: Tau®= 1.65; Chi*= 228.05, df=7 (P < 0.00001}; F=97% 9_1 0 45 ) é 1D=
Testfor overall effect. 2= 2.18 (P = 0.03) Favours Probio/Synbiotics  Favours Placebo
Test for subagroup differences: Chi*=3.22, df=1 (P = 0.07), F=69.0%

B

Probio/ Synbiotic Placebo Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Basu 2007 73 108 17 155 1.5 118 329% -6.29 [-6.92, -5.66] =
Basu 2009 623 116 374 975 2068 185 33.5% -2.322.54,-2.09] u
Grenoy 2017a 183 91 200 19 9.3 182 33.6% -0.08 [0.28,0.12] b
Total (95% CI) 691 485 100.0% -2.87 [-5.33, -0.42] -
Heterogeneity: Tau®= 4.66; Chi*= 464.60, df= 2 (P < 0.00001), F=100% _250 _150 ) 150 250
Test for overall effect 2= 2.28 (P = 0.02) Favours Probio/Synbiotic Favours Placebo

C

Probio/Synbiotic Placebo Rate Ratio Rate Ratio

Study or Subgroup log[Rate Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kara 2019 -0.59 0.98 50 50 18.7% 0.55[0.08, 3.78]
Kerac 2009 -0.04 1.27 399 396 11.1% 0.96 [0.08, 11.58]
Oberhelman 1999 -0.07 0.6 99 105 49.9% 0.93[0.29, 3.02]
Sawazal 2010 -0.06 1.24 205 217 1M1.7% 0.94 [0.08, 10.70] -1
Sur 2011 -0.07 1.45 1802 1783 8.5% 0.93 [0.05, 15.99]
Total (95% CI) 2555 2551 100.0% 0.85 [0.37, 1.95] ?
Heterogeneity: Tau? = 0.00; Chiz = 0.23, df = 4 (P = 0.99); I = 0% :0.01 011 3 1:0 1009

Test for overall effect: Z = 0.38 (P = 0.70)

D

Probio/Synbiotic Placebo

Fig. 3. A: Meta-analysis results for probiotics and synbiotics on incidence of diarrhea in undernourished children. B: Meta-analysis results for probiotics and synbiotics on duration
of diarrhea in undernourished children. C: Meta-analysis results for probiotics and synbiotics on duration of hospitalization in undernourished children. D: Meta-analysis results for
probiotics and synbiotics on number of episodes of diarrhea in undernourished children.
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Probio/Synbiotic Placebo Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Basu 2007 2 110 1718 12 18 #M5%  010[019,0.34
Basu 2004 413 146 374 418 158 185 488% -005[032,027
Grenay 2017 1.7 28 364 18 52 363 97% -010[-0.71,051]
Total {95% CI) 855 666 100.0%  0.01[-0.18,0.20]
Heterageneity: Tau®= 0.00; Chi*= 0.67, df= 2 (P= 0.71); F=0% t t 1 1 f
Testfi Il effect Z=0.08 (P = 0.94 iy - 0 : 4
est for overall effect 2= 0.08 (F= 0.84) Favours Probio/Synbiotic Favours Placebo
A
Probiotic Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Grenov 2017b 133 200 128 200 46.0% 1.04[0.90, 1.20]
Kerac 2009 215 399 203 396 54.0% 1.05[0.92, 1.20]
Total (95% CI) 599 596 100.0% 1.05[0.95, 1.15]
Total events 348 331
Heterogeneity: Chi* = 0.01, df =1 (P = 0.91); I> = 0% 02 05 1 5 5

Test for overall effect: Z = 0.90 (P = 0.37)

B

Favours [experimental] Favours [control]

Fig. 4. A: Meta-analysis results for probiotics and synbiotics on duration of vomiting in undernourished children. B: Meta-analysis results for probiotics and synbiotics on

nutritional recovery in undernourished children.

(—1.98, —0.11)]. There was a considerable heterogeneity among
trials (7 = 96%, P < 0.1) (Fig. 3B).

3.4.3. Duration of hospitalization

Four studies [28,30,32] were included in the meta-analysis of
the effects of probiotics and synbiotics on the duration of hospi-
talization, including 691 undernourished children assigned to
treatment groups and 485 undernourished children assigned to
control groups. The aggregated results suggest that probiotic and
synbiotic supplementation can considerably reduce the duration of
hospitalization in undernourished children with diarrhea [Standard
Mean Difference (SMD) = —2.87 days, 95% CI (—5.33, —0.42)], and
the heterogeneity among trials was considerable (F° = 98%, P < 0.1)
(Fig. 3C).

3.4.4. Number of episodes of diarrhea

Five trials [29,31,34,37,38] reported the total number of episodes
of diarrhea, including 2555 undernourished children in the pro-
biotic and synbiotic group, and 2551 undernourished children in
the placebo group. Pooled analyses showed that across these
studies, the episode rates of diarrhea were not statistically signifi-
cant between groups [rate ratio 0.85, 95%CI (0.37, 1.95)]. There was
no statistically significant heterogeneity between studies (P = 0.99;
P = 0%) (Fig. 3D).

3.5. Secondary outcome indicators

3.5.1. Duration of vomiting

A total of 5 studies reported the duration of vomiting, including
855 individuals in the probiotic and synbiotic group, and 666 in-
dividuals in the placebo group. Compared with the placebo group,
no statistically significant reduction in the duration of vomiting was

noted with the probiotic and synbiotic group [WMD -0.01 day, 95%
CI(—0.18, 0.15)]. There was no statistically significant heterogeneity
between studies (P = 0.49, = 0%) (Fig. 4A).

3.5.2. Adverse effects

Data regarding probiotics and synbiotics-related adverse events
were collected in twelve trials [27—32,35,37,38]. In eleven of them,
adverse events were not observed. In one trial [35], authors re-
ported one case of myoclonic jerks of the limbs among two chil-
dren, one receiving Lactobacillus casei and one receiving placebo.

3.5.3. Nutritional recovery

Two trials [29,38] reported the nutritional recovery, including
599 undernourished children in the probiotic and synbiotic group
and 596 undernourished children in the placebo group. Pooled
analyses showed that there was no statistically significant differ-
ence between groups [RR 1.05, 95% CI (0.95, 1.95)]. There was no
statistically significant heterogeneity between studies (P = 0.91,
P = 0%) (Fig. 4B).

3.6. Subgroup analyses

Subgroup analyses were conducted based on sociodemographic
and intervention features such as patient source, type of under-
nutrition, combination of probiotics, dose, and duration of inter-
vention. Patient source explained the statistically heterogeneity
concerning incidence of diarrhea. Indeed, the test of subgroup
differences (outpatients versus inpatients) showed that there was
no statically significant heterogeneity (P = 0.70, I = 0%). Compared
with placebo, probiotics and synbiotics reduced significantly the
risk of diarrhea in outpatients [RR 0.86, 95%CI (0.75—0.98)]
(Fig. 3A).
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Regression analysis between the duration of diarrhea and pro-
biotic type and dose revealed that different types and doses of
probiotic/synbiotic contributed to the heterogeneity. The test of
subgroup differences (single versus combination of probiotics)
showed that there was no statically significant heterogeneity
(P = 0.27, P = 18.5%) (Fig. 5A). Similarly, the test of subgroup dif-
ferences (<10 billion CFU versus > 10 billion CFU) showed that
there was no statically significant heterogeneity (P = 0.86, I = 0%)
(Fig. 5B).

Clinical Nutrition xxx (XXXX) XXx
4. Discussion

This systematic review identified 15 trials that randomized 6986
undernourished children with diarrhea in a control group with an
experimental group treated with probiotic or synbiotic. The anal-
ysis revealed that treatment with probiotic or synbiotic reduced
significantly both the duration of diarrhea and the hospital stay
duration. In both groups, similar rates of vomiting and nutritional
recovery were observed. No probiotics or synbiotics-related

Probio/Synbiotic Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
9.1.1 single
Basu 2007 83 21 117 92 28 118 132% -3.90[4.53,-3.27] -
Basu 2009 507 1.24 374 723 127 185 1389% -216[2.38,-1.94] N
Oherhelman 1999 208 192 99 211 213 105 13.4%  -0.03[-0.59,60.53) k£
Saran 2002 428 221 50 398 1.26 50 13.0% 0.30 [-0.41,1.01] '
Subtotal {95% CI) 640 458 53.5% -1.45[-3.03,0.12] -
Heterogeneity: Tau®= 2.51; Chi*=124.54, df= 3 (P < 0.00001); F= 98%
Test for overall effect: Z=1.81 (P =0.07)
9.1.2 mix
Agarwal 2002a 15 048 23 21 072 25 137% -0.60[-0.94,-0.26] »
Agarwal 2002b 1.8 061 27 211 213 25 126%  -0.31[-1.18,0.56] -
Grenay 2017a 6.9 6 200 65 64 200 11.5% 0.40 [-0.82,1.62] =
Grenay 2017hb B 82 164 85 109 163 B86% -250[4.59,-0.41] —
Subtotal (95% CI) 414 413 46.5%  -0.49[-1.14,0.16] 4
Heterogeneity: Tau®= 0.21; Chi*=6.06, df=3 {(P=0.11); F=50%
Test for overall effect. Z=1.48 (P=0.14)
Total (95% CI) 1054 871 100.0% -1.07 [-2.05, -0.09] <4
Heterogeneity: Tau?= 1.80; Chi*= 184.95, df= 7 (P < 0.00001); F= 96% 5_20 _150 B 150 205

Test for overall effect: Z= 213 (P=0.03)
Test for subaroup differences: Chi*=1.23,df=1 {P=0.27), F=18.5%

A

Favours probio/Synbiotic Favours placebo

Probiotic/synbiotic Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
9.2.1 dose < 10 billion colony-forming units
Agarwal 2002a 53 21 117 92 28 118 131% -3.90[453,-3.27] -~
Agarwal 2002h 1.5 048 23 21 0.72 25 137% -0.60[0.94,-0.26] -
Basu 2007 1.8 0861 27 21 072 25 136%  -0.30[-0.686, 0.08] -
Saran 2002 428 221 50 398 1.26 50 12.9% 0.30 [-0.41,1.01] N
Subtotal (95% CI) 217 218 53.3% -1.12[-2.54,0.30] <

Heterogeneity: Tau®= 2.03; Chi*= 110.18, df= 3 {P =< 0.00001); F=97%
Testfor overall effect: Z=1.54 (P=0.12)

9.2.2 dose = 10 billion colony-forming units

Basu 2009 507 1.24 374 723 127 185 138%
Grenov 2017a 6.9 ] 200 65 64 200 11.3%
Grenoy 2017h B 8.2 164 85 108 163 83%
Oberhelman 1999 208 192 99 211 213 105 13.3%
Subtotal (95% CI) 837 653 46.7%

Heterogeneity: Tau®= 2.16; Chi*= 62.04, df= 3 (P < 0.00001); = 95%
Testfor overall effect: Z=1.27 (P = 0.20)

Total (95% CI) 1054 871 100.0%
Heterogeneity: Tau®=1.67; Chi*= 215.63, df=7 (P < 0.00001); F=97%
Test for overall effect: Z= 2.19 (P = 0.03)

Test for subgroup differences: Chi*=0.01, df=1 (P=0.82), F=0%

B

216 [-2.38,-1.94] -
0.40 [-0.82,1.62] ——
-2.50 [4.59,-0.41] _
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-1.00 [-2.55, 0.54] N
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Fig. 5. A: Subgroup analysis regarding duration of diarrhea: single versus combination of probiotics. B: Subgroup analysis regarding duration of diarrhea: dose of probiotics 10'* C:
Subgroup analysis regarding duration of diarrhea: duration of intervention. D: Subgroup analysis regarding duration of diarrhea: types of undernutrition.
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Probiotic/synbiotic Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
9.3.1 <2 months
Basu 2007 5.3 241 117 92 28 118 131% -3.90[-4.53,-3.27] —
Basu 2009 5.07 1.24 374 7.23 1.27 185 138% -216[-2.38,-1.94] -
Subtotal (95% CI) 491 303 26.9% -3.00 [4.71,-1.30] o
Heterogeneity: Tau®= 1.46; Chi*= 25.89, df=1 (P < 0.00001); *= 96%
Test for overall effect: Z= 3.45 (P = 0.0006)
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Fig. 5. (continued).

adverse effects were reported. Subgroup analyses showed that
probiotic or synbiotic treatment was more effective in reducing risk
of diarrhea in outpatients.

The beneficial effects of probiotics or synbiotics in reducing the
duration of diarrhea and the hospital stay duration highlighted in
this meta-analysis is consistent with studies' findings conducted in
well-nourished children with acute diarrhea [16—18,39]. Under-
nutrition and diarrhea are major causes of morbidity and mortality
among children worldwide. When they coincident, they place the
child at increased risk of death and disability [40,41]. The situation
is of particular concern in low-income countries where children

under three years old experience on average three episodes of
diarrhea every year. Each episode deprives the child of the nutrition
necessary for growth [42]. In resource-poor settings, the high
diarrheal disease burden is related to increased transmission of
disease pathogens through ingestion of fecally contaminated water
or food [40]. Children living in deprived areas with poor sanitation,
inadequate hygiene, and unsafe drinking water have greater
exposure to enteric pathogens and an increased risk of morbidity
and severity of diarrheal illnesses [43—45].

Diarrhea is a common complication in children hospitalized
with undernutrition. Mortality for children who had diarrhea at any
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Table 3

Rating the quality of evidence.

Importance

Certainty

Effect

Ne of patients

Certainty assessment

Absolute (95% CI)

Placebo Relative

probiotics or
synbiotics

Inconsistency  Indirectness  Imprecision  Other

Risk of
bias

Study design

Ne of studies

(95% CI)

considerations

Incidence of diarrhea

IMPORTANT

®®00

LOW

59 fewer per 1 000
(from 117 fewer to

9 more)

RR 0.87

1011/2244
(45.1%)

921/2269
(40.6%)

not serious none

not serious

serious”

serious?®

randomized trials

(0.74-1.02)

Duration of diarrhea

IMPORTANT

®600
LOW

MD 1.03 lower

1106

1104

none

not serious

not serious

serious?

serious®

randomized trials

(1.74 lower to 0.32

lower)

Duration hospitalization

IMPORTANT

©®00
Low

MD 4.05 lower

691 688

none

not serious

not serious

serious’

serious®

randomized trials

(7.47 lower to 0.62

lower)

Episodes of diarrhea

CRCXC1@) IMPORTANT

per 1000 patient(s)

per years

Rate ratio 0.85

2555 2551
(0.37—1.95)

none

not serious not serious

not serious

serious®

randomized trials

MODERATE

CI: Confidence interval; RR: Risk ratio; MD: Mean difference; a, c, e, and g: Downgraded one level for limitation in study design due to a high risk of attrition bias; b, d and f: Downgraded one level for considerable heterogeneity.
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time during their admission is significantly higher than the mor-
tality without diarrhea as reported in studies' findings conducted in
Kenya [46]. Severely undernourished children often experience
long hospital stay duration ranged 2—4 weeks [47]. Both commu-
nity- and nosocomially-acquired diarrhea are major challenges to
the successful management of children hospitalized with severe
undernutrition, as reported elsewhere [48,49].

Management of diarrhea and dehydration continue to be
controversial issues in the treatment of malnutrition. No specific
WHO guidelines exist to provide guidance on the treatment of
diarrhea in children with undernutrition. The implementation of a
program including both Water, Sanitation and Hygiene (WASH)
improvement and probiotic supplementation as a public health
strategy in low and middle-income countries could be an attractive
approach. It would prevent the diarrhea occurrence, and reduce the
diarrhea duration and the hospital stay duration [50]. WASH pro-
grams (including hand washing with soap, improved sanitation,
and water supply) could interrupt specific pathways for fecal-oral
transmission while probiotics could contribute to support a
healthy microbiota, and theoretically potentiate a reduction in the
risk of diarrhea in children. Hence, the combination of probiotics
with WASH could be potentially beneficial in disrupting the vicious
diarrhea-malnutrition circle and its consequences, particularly in
high disease endemic areas.

In the subgroup analyses, no significant differences between
combination or single-strain probiotics were observed in terms of
incidence of diarrhea, duration of diarrhea and hospitalization.
Chapman et al. showed the beneficial effects of mixtures of pro-
biotics on diarrhea, respiratory tract infections and gut microbiota
modulation [51]. However, Grandy et al. revealed no differences in
the duration of diarrhea when they compared the use of a single
probiotic (Saccharomyces boulardii) against a group receiving a
combination of them [52]. Similarly, Grenov et al. reported no effect
of mixtures of probiotics (Bifidobacterium animalis subsplactis and
L. rhamnosus GG) on diarrhea in children with severe acute
malnutrition [29], while Dubey et al. observed a reduction in the
duration of diarrhea, stool frequency, and overall better recovery
rates by incorporation of eight different strains [53]. The effect of
combination versus single strain probiotics remain inconclusive.
Negative effects related to competition among different probiotic
strains may occur, and more trials are needed to evaluate how to
combine probiotics so that they can act synergistically.

In poor settings, the cost of probiotics/synbiotics may limit their
accessibility. In Uganda, dairy farmers and small-scale entrepre-
neurs were taught to convert their milk into a probiotic yoghurt
using an innovative bacterial starter culture and basic equipment
[54]. This self-support provides better cost-effectiveness. The
implementation of such projects in poor settings could be one of
the keys in the control of malnutrition and diarrhea.

The study presents several strengths. To our knowledge, this
meta-analysis is the first to investigate probiotics or synbiotics ef-
fects for the treatment of diarrhea in undernourished children. We
included 15 RCTs involving 6986 undernourished children and we
performed a detailed subgroup analysis to explore the sources of
heterogeneity between trials. Finally, we used the GRADE approach
to assess the quality of evidence (Table 3).

There are several limitations of our study. First, the findings
were limited by the available studies. The overall quality of studies
was low, largely due to missing information regarding randomi-
zation procedures and missing outcome data, all of which affect
internal validity. Second, the categories of undernourished in-
dividuals were not differentiated in trials. Indeed, the effectiveness
of probiotics or synbiotics can be dramatically altered by the cause
of undernutrition (lack of intake or lack of absorbance). Third,
heterogeneity between individual trials was observed, related to
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the different phenotypes of undernutrition, dose, duration and
choice of strain of probiotics, and severe/moderate undernutrition

phenotype.
5. Conclusion

Current evidence supports the potential role of probiotics and
synbiotics in the management of diarrhea in undernourished
children. A probiotic/synbiotic intervention capable of reducing
durations of diarrhea and hospitalization in undernourished chil-
dren, even with modest efficacy, would have an enormous impact
in resource-poor settings. Its broad implementation should be
envisaged in order to improve the prognosis of undernourished
children.
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