
Cochrane Database of Systematic Reviews

Ready-to-use therapeutic food (RUTF) for home-based

nutritional rehabilitation of severe acute malnutrition in

children from six months to five years of age (Review)

Schoonees A, Lombard MJ, Musekiwa A, Nel E, Volmink J

Schoonees A, Lombard MJ, Musekiwa A, Nel E, Volmink J.

Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to

five years of age.

Cochrane Database of Systematic Reviews 2019, Issue 5. Art. No.: CD009000.

DOI: 10.1002/14651858.CD009000.pub3.

www.cochranelibrary.com

Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acutemalnutrition in children from six months

to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

http://www.cochranelibrary.com


T A B L E O F C O N T E N T S

1HEADER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2PLAIN LANGUAGE SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4SUMMARY OF FINDINGS FOR THE MAIN COMPARISON . . . . . . . . . . . . . . . . . . .

7BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Figure 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

10OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

10METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

15RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Figure 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

Figure 3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Figure 4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

Figure 5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

Figure 6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

35ADDITIONAL SUMMARY OF FINDINGS . . . . . . . . . . . . . . . . . . . . . . . . . .

40DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

44AUTHORS’ CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

44ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

44REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

54CHARACTERISTICS OF STUDIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

121DATA AND ANALYSES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Analysis 1.1. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 1 Recovery during intervention. . . . . . . . . . . . . . . 126

Analysis 1.2. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 2 Recovery during intervention: pre-trial hospitalisation subgroups. . 127

Analysis 1.3. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 3 Recovery at follow-up. . . . . . . . . . . . . . . . . 128

Analysis 1.4. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 4 Relapse during intervention. . . . . . . . . . . . . . . 129

Analysis 1.5. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 5 Relapse during intervention: pre-trial hospitalisation subgroups. . . 130

Analysis 1.6. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus

an alternative dietary approach, Outcome 6 Relapse during intervention: factory- versus local site-produced

subgroups. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

Analysis 1.7. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 7 Relapse during intervention: HIV status subgroups. . . . . . . 132

Analysis 1.8. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 8 Relapse at follow-up. . . . . . . . . . . . . . . . . . 133

Analysis 1.9. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 9 Mortality during intervention. . . . . . . . . . . . . . . 133

Analysis 1.10. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 10 Mortality during intervention: pre-trial hospitalisation subgroups. . 134

Analysis 1.11. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 11 Rate of weight gain (g/kg/day) during intervention. . . . . . . 135

Analysis 1.12. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 12 Rate of weight gain (g/kg/day) during intervention: pre-trial hospitalisation

subgroups. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136

Analysis 1.13. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 13 Rate of weight gain (g/kg/day) during intervention: factory- versus local

site-produced subgroups. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137

iReady-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.14. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus

an alternative dietary approach, Outcome 14 Rate of weight gain (g/kg/day) during intervention: HIV status

subgroups. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

Analysis 1.15. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 15 Time to recovery (days) during intervention. . . . . . . . . 139

Analysis 1.16. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 16 Weight-for-height z score (WHZ) during intervention. . . . . . 139

Analysis 1.17. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 17 WHZ at follow-up. . . . . . . . . . . . . . . . . . 140

Analysis 1.18. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 18 Length/height gain (mm/day) during intervention. . . . . . . 141

Analysis 1.19. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 19 Height-for-age z score (HAZ) at follow-up. . . . . . . . . . 141

Analysis 1.20. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus

an alternative dietary approach, Outcome 20 Mid-upper arm circumference (MUAC) gain (mm/day) during

intervention. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142

Analysis 1.21. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 21 MUAC gain (cm) at follow-up. . . . . . . . . . . . . . 143

Analysis 1.22. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 22 Diarrhoea events during intervention. . . . . . . . . . . . 143

Analysis 1.23. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 23 Days of diarrhoea during intervention. . . . . . . . . . . 144

Analysis 1.24. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach, Outcome 24 Acceptability. . . . . . . . . . . . . . . . . . . . 144

Analysis 2.1. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a

supplement to the usual diet, Outcome 1 Recovery during intervention. . . . . . . . . . . . . . . 145

Analysis 2.2. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a

supplement to the usual diet, Outcome 2 Relapse during intervention. . . . . . . . . . . . . . . 146

Analysis 2.3. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a

supplement to the usual diet, Outcome 3 Mortality during intervention. . . . . . . . . . . . . . 147

Analysis 2.4. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a

supplement to the usual diet, Outcome 4 Rate of weight gain (g/kg/day) during intervention. . . . . . . 148

Analysis 2.5. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a

supplement to the usual diet, Outcome 5 Time to recovery (days) during intervention. . . . . . . . . 149

Analysis 2.6. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a

supplement to the usual diet, Outcome 6 WHZ at follow-up. . . . . . . . . . . . . . . . . . 149

Analysis 2.7. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a

supplement to the usual diet, Outcome 7 Length/height gain (mm/day) during intervention. . . . . . . 150

Analysis 2.8. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a

supplement to the usual diet, Outcome 8 MUAC gain (mm/day) during intervention. . . . . . . . . . 151

Analysis 3.1. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 1 Recovery during

intervention. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152

Analysis 3.2. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 2 Recovery during

intervention: pre-trial hospitalisation subgroups. . . . . . . . . . . . . . . . . . . . . . . 153

Analysis 3.3. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 3 Relapse during

intervention. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154

Analysis 3.4. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 4 Relapse during

intervention: pre-trial hospitalisation subgroups. . . . . . . . . . . . . . . . . . . . . . . 155

Analysis 3.5. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 5 Mortality during

intervention. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156

Analysis 3.6. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 6 Mortality during

intervention: pre-trial hospitalisation subgroups. . . . . . . . . . . . . . . . . . . . . . . 157

iiReady-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 3.7. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 7 Rate of weight

gain (g/kg/day) during intervention. . . . . . . . . . . . . . . . . . . . . . . . . . . 158

Analysis 3.8. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 8 Rate of weight

gain (g/kg/day) during intervention: pre-trial hospitalisation subgroups. . . . . . . . . . . . . . . 159

Analysis 3.9. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 9 Rate of weight

gain (g/kg/day) during intervention: different types of control RUTF subgroups. . . . . . . . . . . . 161

Analysis 3.10. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 10 Time to recovery

(days) during intervention. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162

Analysis 3.11. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 11 WHZ during

intervention. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162

Analysis 3.12. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 12 WHZ during

intervention: pre-trial hospitalisation subgroups. . . . . . . . . . . . . . . . . . . . . . . 163

Analysis 3.13. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 13 WHZ during

intervention: different types of control RUTF subgroups. . . . . . . . . . . . . . . . . . . . 164

Analysis 3.14. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 14 WHZ during

intervention. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165

Analysis 3.15. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 15 Length/height

gain (mm/day) during intervention. . . . . . . . . . . . . . . . . . . . . . . . . . . 166

Analysis 3.16. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 16 Length/height

gain (mm/day) during intervention: pre-trial hospitalisation subgroups. . . . . . . . . . . . . . . 167

Analysis 3.17. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 17 Length/height

gain (mm/day) during intervention: different types of control RUTF subgroups. . . . . . . . . . . . 168

Analysis 3.18. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 18 HAZ during

intervention. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169

Analysis 3.19. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 19 MUAC gain

(mm/day) during intervention. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170

Analysis 3.20. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 20 MUAC gain

(mm/day) during intervention: pre-trial hospitalisation subgroups. . . . . . . . . . . . . . . . 171

Analysis 3.21. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 21 MUAC gain

(mm/day) during intervention: different types of control RUTF subgroups. . . . . . . . . . . . . 172

Analysis 3.22. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 22 Diarrhoea

events during intervention. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173

Analysis 3.23. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 23 Acceptability

on first day of intervention. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173

Analysis 3.24. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 24 Acceptability:

grams of food remained after taste test. . . . . . . . . . . . . . . . . . . . . . . . . . 174

Analysis 3.25. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 25 Acceptability

after first 2 weeks of treatment. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174

174ADDITIONAL TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

201APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

220FEEDBACK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

220WHAT’S NEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

220HISTORY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

221CONTRIBUTIONS OF AUTHORS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

221DECLARATIONS OF INTEREST . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

221SOURCES OF SUPPORT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

222DIFFERENCES BETWEEN PROTOCOL AND REVIEW . . . . . . . . . . . . . . . . . . . . .

224INDEX TERMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

iiiReady-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



[Intervention Review]

Ready-to-use therapeutic food (RUTF) for home-based
nutritional rehabilitation of severe acute malnutrition in
children from six months to five years of age

Anel Schoonees1, Martani J Lombard2 , Alfred Musekiwa1 , Etienne Nel3, Jimmy Volmink1

1Centre for Evidence-based Health Care, Division of Epidemiology and Biostatistics, Faculty of Medicine and Health Sciences,

Stellenbosch University, Cape Town, South Africa. 2Centre of Excellence for Nutrition (CEN), North-West University, Potchefstroom,

South Africa. 3Department of Paediatrics and Child Health, Faculty of Medicine and Health Sciences, Stellenbosch University, Cape

Town, South Africa

Contact address: Anel Schoonees, Centre for Evidence-based Health Care, Division of Epidemiology and Biostatistics, Faculty of

Medicine and Health Sciences, Stellenbosch University, Francie van Zijl Drive, Cape Town, Western Cape, 7505, South Africa.

anelschoonees@sun.ac.za.

Editorial group: Cochrane Developmental, Psychosocial and Learning Problems Group.

Publication status and date: New search for studies and content updated (conclusions changed), published in Issue 5, 2019.

Citation: Schoonees A, Lombard MJ, Musekiwa A, Nel E, Volmink J. Ready-to-use therapeutic food (RUTF) for home-based

nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age. Cochrane Database of Systematic
Reviews 2019, Issue 5. Art. No.: CD009000. DOI: 10.1002/14651858.CD009000.pub3.

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

A B S T R A C T

Background

Management of severe acute malnutrition (SAM) in children comprises two potential phases: stabilisation and rehabilitation. During

the initial stabilisation phase, children receive treatment for dehydration, electrolyte imbalances, intercurrent infections and other

complications. In the rehabilitation phase (applicable to children presenting with uncomplicated SAM or those with complicated SAM

after complications have been resolved), catch-up growth is the main focus and the recommended energy and protein requirements are

much higher. In-hospital rehabilitation of children with SAM is not always desirable or practical - especially in rural settings - and home-

based care can offer a better solution. Ready-to-use therapeutic food (RUTF) is a widely used option for home-based rehabilitation,

but the findings of our previous review were inconclusive.

Objectives

To assess the effects of home-based RUTF used during the rehabilitation phase of SAM in children aged between six months and five

years on recovery, relapse, mortality and rate of weight gain.

Search methods

We searched the following databases in October 2018: CENTRAL, MEDLINE, Embase, six other databases and three trials registers.

We ran separate searches for cost-effectiveness studies, contacted researchers and healthcare professionals in the field, and checked

bibliographies of included studies and relevant reviews.

Selection criteria

Randomised controlled trials (RCTs) and quasi-RCTs, where children aged between six months and five years with SAM were, during

the rehabilitation phase, treated at home with RUTF compared to an alternative dietary approach, or with different regimens and

formulations of RUTF compared to each other. We assessed recovery, deterioration or relapse and mortality as primary outcomes; and

rate of weight gain, time to recovery, anthropometrical changes, cognitive development and function, adverse outcomes and acceptability

as secondary outcomes.
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Data collection and analysis

We screened for eligible studies, extracted data and assessed risk of bias of those included, independently and in duplicate. Where data

allowed, we performed a random-effects meta-analysis using Review Manager 5, and investigated substantial heterogeneity through

subgroup and sensitivity analyses. For the main outcomes, we evaluated the quality of the evidence using GRADE, and presented

results in a ’Summary of findings’ table per comparison.

Main results

We included 15 eligible studies (n = 7976; effective sample size = 6630), four of which were cluster trials. Eight studies were conducted

in Malawi, four in India, and one apiece in Kenya, Zambia, and Cambodia. Six studies received funding or donations from industry

whereas eight did not, and one study did not report the funding source.

The overall risk of bias was high for six studies, unclear for three studies, and low for six studies. Among the 14 studies that contributed

to meta-analyses, none (n = 5), some (n = 5) or all (n = 4) children were stabilised in hospital prior to commencement of the study.

One small study included only children known to be HIV-infected, another study stratified the analysis for ’recovery’ according to HIV

status, while the remaining studies included HIV-uninfected or untested children. Across all studies, the intervention lasted between 8

and 16 weeks. Only five studies followed up children postintervention (maximum of six months), and generally reported on a limited

number of outcomes.

We found seven studies with 2261 children comparing home-based RUTF meeting the World Health Organization (WHO) recom-

mendations for nutritional composition (referred to in this review as standard RUTF) with an alternative dietary approach (effective

sample size = 1964). RUTF probably improves recovery (risk ratio (RR) 1.33; 95% confidence interval (CI) 1.16 to 1.54; 6 studies,

1852 children; moderate-quality evidence), and may increase the rate of weight gain slightly (mean difference (MD) 1.12 g/kg/day,

95% CI 0.27 to 1.96; 4 studies, 1450 children; low-quality evidence), but we do not know the effects on relapse (RR 0.55, 95% CI

0.30 to 1.01; 4 studies, 1505 children; very low-quality evidence) and mortality (RR 1.05, 95% CI 0.51 to 2.16; 4 studies, 1505

children; very low-quality evidence).

Two quasi-randomised cluster trials compared standard, home-based RUTF meeting total daily nutritional requirements with a similar

RUTF but given as a supplement to the usual diet (213 children; effective sample size = 210). Meta-analysis showed that standard

RUTF meeting total daily nutritional requirements may improve recovery (RR 1.41, 95% CI 1.19 to 1.68; low-quality evidence) and

reduce relapse (RR 0.11, 95% CI 0.01 to 0.85; low-quality evidence), but the effects are unknown for mortality (RR 1.36, 95% CI

0.46 to 4.04; very low-quality evidence) and rate of weight gain (MD 1.21 g/kg/day, 95% CI - 0.74 to 3.16; very low-quality evidence).

Eight studies randomised 5502 children (effective sample size = 4456) and compared standard home-based RUTF with RUTFs of

alternative formulations (e.g. using locally available ingredients, containing less or no milk powder, containing specific fatty acids, or

with added pre- and probiotics). For recovery, it made little or no difference whether standard or alternative formulation RUTF was

used (RR 1.03, 95% CI 0.99 to 1.08; 6 studies, 4188 children; high-quality evidence). Standard RUTF decreases relapse (RR 0.84,

95% CI 0.72 to 0.98; 6 studies, 4188 children; high-quality evidence). However, it probably makes little or no difference to mortality

(RR 1.00, 95% CI 0.80 to 1.24; 7 studies, 4309 children; moderate-quality evidence) and may make little or no difference to the

rate of weight gain (MD 0.11 g/kg/day, 95% CI −0.32 to 0.54; 6 studies, 3807 children; low-quality evidence) whether standard or

alternative formulation RUTF is used.

Authors’ conclusions

Compared to alternative dietary approaches, standard RUTF probably improves recovery and may increase rate of weight gain slightly,

but the effects on relapse and mortality are unknown. Standard RUTF meeting total daily nutritional requirements may improve

recovery and relapse compared to a similar RUTF given as a supplement to the usual diet, but the effects on mortality and rate of weight

gain are not clear. When comparing RUTFs with different formulations, the current evidence does not favour a particular formulation,

except for relapse, which is reduced with standard RUTF. Well-designed, adequately powered, pragmatic RCTs with standardised

outcome measures, stratified by HIV status, and that include diarrhoea as an outcome, are needed.

P L A I N L A N G U A G E S U M M A R Y

Ready-to-use therapeutic food (RUTF) as home-based treatment for severely malnourished children between six months and

five years
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Background

Malnourished children usually look very thin or wasted and they have a high risk of death and illness. Treating severely malnourished

children in hospitals is not always desirable or practical in rural settings, and home-based treatment may be better. Home-based

treatment can be food prepared by a caregiver (such as flour porridge or energy- and nutrient-dense locally available foods), or ready-

to-use therapeutic food (RUTF) provided by a clinic. RUTF is usually made according to a standard, energy-rich composition defined

by the World Health Organization (WHO). Typically, the ingredients for standard RUTF include milk powder, sugar, peanut butter,

vegetable oil, vitamins and minerals; but ingredients vary depending on local availability, cost and acceptability. Benefits of RUTF

include a long shelf life without refrigeration and they require no preparation. This is an update of our previous review, where definite

conclusions about the effects of RUTF could not be drawn from the four studies that were available at that time.

Review question

We assessed standard RUTF compared to an alternative dietary approach (e.g. flour porridge or locally available foods) and examined

whether smaller amounts and different formulations of RUTF can achieve similar health outcomes in severely malnourished children

aged between six months and five years. The main health outcomes that we investigated were recovery from severe malnutrition,

deterioration or relapse, death and the rate of weight gain.

Included study characteristics

We searched databases for studies up to the October 2018, and found 15 studies with 7976 children. Eight studies were conducted in

Malawi, four in India, and one apiece in Kenya, Zambia, and Cambodia. One small study included only children infected with HIV,

another study analysed children with and without HIV separately for the main outcome (recovery), while the other studies included

children who were not infected with HIV or who were untested. Overall, we judged six studies to be at high risk of bias, three studies

to be at unclear risk of bias, and six studies to be at low risk of bias. (With ’risk of bias’, we mean the extent to which the methods used

in a study enable it to determine the truth.) All the studies lasted between 8 and 16 weeks. Only five studies followed up children after

the study (for a maximum of six months), and generally reported on a limited number of outcomes.

Of our 15 included studies, six were linked to funding or donations from industry, one did not report the source of funding, and eight

studies reported funding where sponsors did not include industry.

Key findings

Compared to alternative dietary approaches, standard RUTF probably improves recovery (moderate-quality evidence) and may increase

the rate of weight gain slightly (low-quality evidence), but the effects on relapse and death are unknown (very low-quality evidence).

With ’quality of evidence’ we mean how confident we are that the particular finding represents the true effect. For example, ’very low-

quality’ means we are very uncertain about the finding, ’low-quality evidence’ means the future research is very likely to change the

finding, ’moderate-quality evidence’ means that future studies may change this finding, and ’high-quality evidence’ means that it is

unlikely that future studies will change the finding.

Standard RUTF meeting total daily nutritional requirements may improve recovery and relapse compared to a similar RUTF given

supplementary to the usual diet (low-quality evidence), but for death and the rate of weight gain, the effects are not known (very low-

quality evidence).

When comparing RUTFs of different formulations, it makes little or no difference for recovery whether a standard or alternative

formulation RUTF is used (high-quality evidence). For relapse, using standard RUTF decreases relapse (high-quality evidence). It

probably makes little or no difference to death (moderate-quality evidence) and to the rate of weight gain (low-quality evidence) whether

standard or alternative formulation RUTF is used.

Well-designed, randomised controlled trials (experimental studies where participants meeting the inclusion criteria have an equal chance

of being allocated to any of the intervention or control groups) in which analyses have been performed separately for children with and

without HIV, and that also measure and report on diarrhoea occurrence, are needed.

3Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Standard ready- to-use therapeutic food (RUTF) provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Patient or population: children aged 6 months-5 years with SAM (and mixed HIV comorbidity), some of whom had been stabilised as inpat ients pre-trial

Setting: 3 studies conducted in India and 3 in Malawi; in 2 studies rehabilitat ion started in hospital, but in most cases, across all studies, the rehabilitat ion phase occurred at

home

Experimental intervention: standard RUTF formulat ions, produced either in a factory or local site kitchens, and meeting total daily nutrit ional requirements

Control intervention: alternat ive dietary approaches: caregiver-prepared locally available foods, some of which were fort if ied and energy dense

Intervention duration: 8-16 weeks across studies

Outcomes Anticipated absolute effects∗ (95% CI) Relative effect

(95% CI)

of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with alternative

dietary approaches

Risk with standard

RUTF meeting total

daily requirements

Recovery during inter-

vention

def ined as achieving

WHZ ≥ −2 and ab-

sence of oedema in 1

study; reaching a WHZ

score > −2 and with-

out oedema in 1 study;

WHZ > −2 in 1 study;

having a WHZ score ≥

0 in 1 study; reaching

100% weight for height

in 1 study; and reach-

ing 115% of baseline

weight in 1 study

Study population RR 1.33

(1.16 to 1.54)

1852

(6 RCTs)

⊕⊕⊕©

Moderatea
Children are probably

more likely to recover

on standard RUTF

391 per 1000 521 per 1000

(454 to 603)

Relapse during inter-

vention

def ined as admission

to inpat ient therapeu-

Study population RR 0.55

(0.30 to 1.01)

1505

(4 RCTs)

⊕©©©

Very lowb,c,d

We are uncertain

whether standard RUTF

decreases relapse
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t ic care or recurrence

of oedema or system-

at ic infect ions during

the study period, and

dropouts during inter-

vent ion period

195 per 1000 107 per 1000

(59 to 197)

Mortality during inter-

vention

Study population RR 1.05

(0.51 to 2.16)

1505

(4 RCTs)

⊕©©©

Very lowc,d,e

We are uncertain

whether standard RUTF

decreases mortality23 per 1000 24 per 1000

(12 to 50)

Rate of weight gain (g/

kg/day) during inter-

vention

3 studies measured

weight gain during the

f irst 4 weeks of the

intervent ion period and

1 study unt il recovery

or 16 weeks af ter en-

rolment, whichever was

earlier

The mean rate of weight

gain during intervent ion

in the control groups

was 2.76 g/kg/day

The mean rate of

weight gain during in-

tervent ion in the in-

tervent ion groups was,

on average,1.12g/kg/

day higher (0.27 higher

to 1.96 higher)

- 1450

(4 RCTs)

⊕⊕©©

Lowa,d

Standard RUTF may

increase the rate of

weight gain slight ly

*The risk in the intervention group (and its 95%CI) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95%CI).

CI: conf idence interval; RCT: randomised controlled trial; RR: risk rat io; RUTF: ready-to-use therapeut ic food; SAM: severe acute malnutrit ion; WHZ: weight-for-age z score

GRADE Working Group grades of evidence

High quality: f urther research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: f urther research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: f urther research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: we are very uncertain about the est imate.

aDowngraded by one level for risk of bias: three studies judged to have a high risk of select ion bias, and one study judged to

have a high risk of attrit ion and other bias.
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bDowngraded by one level for indirectness: signif icant dif f erence between subgroups based on whether all or some children

were stabilised in hospital before the trial.
cDowngraded by one level for risk of bias: three studies judged to have a high risk of select ion bias.
dDowngraded by one level for inconsistency: I2 stat ist ic is more than 50%.
eDowngraded by one level for imprecision: 95% CI includes both an important benef it and harm.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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B A C K G R O U N D

Description of the condition

Malnutrition occurs when the quantity of one or more macronu-

trients available to the body is inadequate to sustain optimal bod-

ily functions (undernutrition) or when an excessive amount of en-

ergy is consumed (overnutrition); this is often accompanied by mi-

cronutrient deficiencies (Manary 2008). Malnutrition in infants

and young children may present as stunting, wasting, overweight

or obesity (UNICEF/WHO/WBG 2017). Stunting and wasting

refer to undernutrition, while overweight and obesity are mani-

festations of overnutrition.

Stunting is a chronic form of malnutrition resulting in linear

growth deficits relative to well-nourished children of the same age

(UNICEF/WHO/WBG 2017). A child is defined as stunted if

his or her length or height is more than two standard deviations

(SD) below the median value for his or her age and sex, based on

the World Health Organization (WHO) Child Growth Standards

(WHO 2008). Children whose length or height for age falls below

this cut-off point may never achieve their full physical or cognitive

potential (UNICEF/WHO/WBG 2017).

By contrast, wasting - the form of malnutrition that is the fo-

cus of this review - is an acute condition in which a child is too

thin for his or her length or height (i.e. low weight for length or

height). Acute malnutrition is classified according to severity as

either moderate acute malnutrition (MAM) or severe acute mal-

nutrition (SAM). The conceptual framework by the United Na-

tions Children’s Fund (UNICEF) shows the immediate, underly-

ing and basic causes of child undernutrition, with its short- and

long-term consequences (UNICEF 2013a). Children diagnosed

with MAM or SAM have an increased risk of infectious diseases,

developmental delays, and death. SAM is a particularly life-threat-

ening condition, which requires early detection before the onset

of complications, and prompt treatment (UNICEF 2013b). The

initial treatment of SAM varies depending on whether it is compli-

cated by infection, metabolic disturbances, severe oedema or poor

appetite; or uncomplicated, where children are clinically well, alert

and have an appetite (Figure 1).

Figure 1. Diagram depicting our review question and main subgroup analysis

In children under five years of age, MAM is defined as a weight-

for-height z score (WHZ) between three and two SD below the

median or between 70% and 80% of the median, or mid-upper

arm circumference (MUAC) between 115 mm and 125 mm, and

no oedema (Black 2008; Lazzerini 2013; WHO 2012). SAM is

diagnosed when children have a combination of a WHZ of more

than three SDs below the median, a MUAC of less than 115 mm,

and the presence of nutritional oedema (Collins 2003; Manary

2008; WHO/UNICEF 2009). MAM or SAM without bilateral

pitting oedema is referred to as marasmus, while kwashiorkor is

the term used when bilateral pitting oedema is present (Manary

2008). See Table 1 for a more detailed classification system for

MAM and SAM.

Although some conditions, such as HIV/AIDS, tuberculosis (TB)

and kidney failure, may contribute to the onset of undernutrition,

poverty and food insecurity are by far the major causes. Undernu-

trition and infection often co-exist and are mutually reinforcing:

undernutrition increases susceptibility to infection while infection

contributes to malnutrition (Kruger 2008; Naude 2008). Infec-

tions are associated with anorexia (loss of appetite), electrolyte

and metabolic imbalances (WHO 2013); fever increases energy

expenditure; and diarrhoea decreases nutrient absorption and can

contribute to electrolyte imbalances (WHO 2013).

Despite sustained efforts to combat malnutrition (Hawkes 2015),

rates are still alarmingly high. Worldwide, 155 million children

under five years of age are stunted, 52 million suffer from wasting

(with an additional 17 million suffering from severe wasting) and

7Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six
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41 million are overweight (UNICEF/WHO/WBG 2017). Africa

and Asia have the greatest share of all forms of malnutrition. Al-

though less than half of all children under five years old live in

lower-middle income countries, a disproportionate two-thirds of

all stunted children and about three-quarters of all wasted children

live in these countries (UNICEF/WHO/WBG 2017).

Description of the intervention

Addressing the underlying causes of economic deprivation and

inequity is, undoubtedly, the only way to eradicate undernutrition

in the long term. However, specific nutritional interventions can

help ameliorate the health consequences of nutritional deprivation

in the interim (Black 2008), and this review focuses on one such

intervention for children with SAM.

Until about two decades ago, SAM was primarily managed in

hospitals, which greatly limited treatment coverage and impact

(WHO/WFP/UNSCN/UNICEF 2007). To reach more children,

a community-based approach, which involves timely detection

and provision of treatment for those without medical complica-

tions, was developed (WHO/WFP/UNSCN/UNICEF 2007).

The treatment of SAM can be divided into two potential phases,

namely stabilisation and rehabilitation. Stabilisation involves a

range of clinical interventions, such as treatments for dehydration,

electrolyte imbalances and infections (Ashworth 2003). In terms

of nutritional support, the WHO recommends continuing breast-

feeding (where applicable) along with oral or nasogastric feeds that

provide 100 kCal/kg/day (418 kJ/kg/day) and a low protein in-

take of 1.0 to 1.5 g/kg/day. F-75, a starter, milk-based therapeutic

formula with a relatively low energy (75 kCal (314 kJ)) and pro-

tein content (0.9 g per 100 mL), is typically used during the sta-

bilisation phase (Action Against Hunger 2009; WHO/UNICEF

2009). F-75 aids in initial metabolic recovery, helping to restore

electrolyte imbalances (Action Against Hunger 2009). Oedema (if

present) usually starts to disappear, leading to weight loss (fluid

loss).

Once the child’s appetite has improved and s/he is in a stable medi-

cal condition, the rehabilitation phase starts, with catch-up growth

becoming the main focus. In this phase, the recommended energy

requirement is 150 to 220 kCal/kg/day (628 to 921 kJ/kg/day)

and 2.0 to 6.0 g/kg/day of protein (Ashworth 2003). Traditionally,

F-100 (a milk-based therapeutic diet, higher in energy (100 kCal/

418 kJ) and much higher in protein (2.9 g per 100 mL) than F-

75) is given as part of inpatient care to initiate weight gain (WHO

2013).

Children with complicated SAM require stabilisation as inpatients

while those with uncomplicated SAM often do not need inpatient

stabilisation (WHO 2013; WHO 2017b; WHO/WFP/UNSCN/

UNICEF 2007). Although the approach used can differ between

countries and settings, children who are stabilised in hospital usu-

ally start rehabilitation as inpatients but complete most of the re-

habilitation phase at home (with follow-up in the outpatient de-

partment).

A challenge for treating children with SAM in low- and middle-in-

come countries (LMICs) is that prolonged hospital care of children

with acute malnutrition may not always be possible. In these set-

tings ready-to-use therapeutic food (RUTF) - energy-dense foods

with a low moisture content that can be eaten directly from the

packaging - has been introduced for home-based treatment during

the rehabilitation phase. (Because of its high energy and protein

content, RUTF is not suitable for the stabilisation phase.)

RUTF, a solid or semi-solid product, was originally developed

by Nutriset and the Institute for Research and Development in

France, as a home-based follow-up treatment after F-100 (Bazzano

2017). Table 2 shows the nutritional contents of RUTF as rec-

ommended by the WHO, referred to in this review as standard

RUTF; for example, see Table 3 for a typical peanut-based RUTF

recipe.

Where RUTF is used for home-based rehabilitation, it can be

provided to meet all of the nutritional requirements of a child

recovering from SAM; for example, in low-income settings where

food security may be a significant issue. Alternatively, RUTF may

be provided for SAM children as a supplement to the usual family

diet.

RUTF can be formulated and produced in various ways. It can be

cheaper to produce RUTF with less or no milk powder, or more

acceptable if locally or indigenous ingredients are used. Further-

more, fatty acid composition (specifically, omega-3 fatty acids)

may play a role in infection and inflammation, and thus might be

a beneficial ingredient in therapeutic food. Similarly, as children

with SAM may have compromised gastrointestinal function, the

addition of pre- and probiotics may be advantageous.

RUTF is often produced on a commercial scale, but can also be

produced locally on a small scale (e.g. in an institution kitchen

such as that of a research centre or clinic) with ingredients that

may differ from commercially produced RUTF (Bazzano 2017).

Two examples of commercially produced RUTF are a peanut-

based paste called Plumpy’nut® (Nutriset, France; Table 4), and a

solid biscuit made from cooked wheat called BP100® (developed

by Compact, Denmark) (Collins 2004; Navarro-Colorado 2005).

Both are fortified with micronutrients and have very low water ac-

tivity, which discourages microbial growth (Brewster 2006; Kruger

2008; WHO/WFP/UNSCN/UNICEF 2007). Children as young

as six months of age can consume RUTF with a homogenous paste

texture (DFID 2009). Solid RUTF can also be soaked in clean,

boiling water and eaten as porridge by young infants and as a bis-

cuit by older children. Infants younger than six months should

not be given RUTF (DFID 2009).

A total of about 10 to 15 kg of RUTF over a period of six to eight

weeks is considered necessary for recovery from SAM (UNICEF

2013b; WHO/WFP/UNSCN/UNICEF 2007). RUTF as home-

based rehabilitation is not recommended as stand-alone care, but

rather as part of a treatment protocol that provides full medi-

cal consultation in conjunction with nutritional counselling, rou-

tine medical care (such as immunisations, essential drugs, etc.)
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and referral to hospital-based treatment where needed (UNICEF

2013b).

Challenges with the use of RUTF

RUTF, especially when made with disaccharide sucrose rather than

polysaccharide dextromaltose, has a relatively high, renal solute

load (a high load of substances that need to be eradicated in the

urine) (Sandige 2004). Because excretion of these solutes requires

water, there are concerns that RUTF might exacerbate dehydra-

tion and increase the risk of mortality in SAM (Grellety 2000;

WHO 2013). It is therefore recommended that children consum-

ing RUTF receive additional, free water (Greiner 2014). However,

this increases the risk of bacterial contamination in some settings.

In 2010, when the Nutriset patent was made available in devel-

oping countries, UNICEF - the largest international procurer of

RUTF (Bazzano 2017) - published manufacturing standards for

RUTF production (Komrska 2010a; Komrska 2010b). UNICEF

further launched competitive bidding to ensure that local suppliers

were used. While this reduced the transportation time and cost,

it introduced the need for additional quality assurance to ensure

optimal products (UNICEF 2015a).

Recipes for RUTF do not necessarily include peanut or milk pow-

der, although the WHO recommends that at least half of the pro-

teins should come from a milk source (WHO/WFP/UNSCN/

UNICEF 2007). Peanuts can cause allergic reactions in susceptible

individuals, and are known be at high risk for aflatoxin contamina-

tion. Milk powder on the other hand, is expensive and often needs

to be imported (Collins 2004). The cost of milk powder in Malawi

constitutes more than half of the final cost of the RUTF (Collins

2004). Irena 2015 reported that the removal of milk powder and

the inclusion of locally available grains and pulses can reduce the

cost of ingredients by about a third.

For non-commercial production of RUTF, the following basic

ingredients are required (Collins 2004).

1. Staple food as the main ingredient (preferably a cereal).

2. Protein supplement from a plant or animal food (for

example, beans, groundnuts, milk, meat, chicken, fish, egg). For

economic reasons, legumes and oilseeds are mostly used.

3. Vitamin and mineral supplement (a vegetable or fruit, or

both).

4. Energy supplement (a fat, oil or sugar) to increase the

energy density.

The food safety of the production process is an important issue,

with strict monitoring and careful attention needed to avoid con-

tamination by microorganisms or other harmful substances (for

example, heavy metals, pesticides, anti-nutritional factors such as

phytate or protease inhibitors) (WHO/WFP/UNSCN/UNICEF

2007).

For young children diagnosed with SAM for the first time and

newly exposed to RUTF, acceptability may be a problem (Greiner

2014). However, progress has been made in terms of increasing

the acceptability of RUTF; for example, by using locally grown

ingredients (Weber 2016).

The demand for RUTF increased from less than 9000metric tonne

in 2009, to over 30,000 metric tonne in 2014 (Bazzano 2017;

UNICEF 2015b). Yet, despite the increased demand and growing

competition amongst suppliers, the price is still high (UNICEF

2015a). According to UNICEF 2013b, the cost to rehabilitate

one child with SAM is around USD 100. An Ethiopian case

study conducted by UNICEF in 2013 found that the purchase

of RUTF accounted for approximately half of the operating costs

of a community-based management programme for acute mal-

nutrition (Bazzano 2017; UNICEF 2013c). Cost-effectiveness,

however, is related to factors such as SAM prevalence, population

density and coverage (UNICEF 2015a). Producing RUTF locally

presents a variety of challenges, including the cost of high-qual-

ity ingredients, currency fluctuations, value-added tax and quality

control (Segré 2017; UNICEF 2015a). However, there are options

to address some of these challenges. One example is a program-

ming tool developed by Weber and Callaghan, to help facilitate the

manufacturing of more cost-effective, alternative RUFTs, without

compromising on quality (Weber 2016). This tool also allows for

incorporating cultural and religious preferences.

The use of RUTF, however, remains a controversial issue (Bazzano

2017; Greiner 2014; UNICEF 2013b). Apart from the cost of

RUTF, as described above, there are concerns about commercial

exploitation beyond SAM therapy (UNICEF 2013b). The in-

creased demand for RUTF has led to expansion of the commercial

product range, such as ready-to-use supplementary foods (RUSFs;

for instance, lipid-based nutritional supplements (LNS)) (Greiner

2014; Lazzerini 2013). RUSFs are used in treating MAM and

stunting, as well as meeting nutritional needs and preventing mal-

nutrition (Bazzano 2017). Conflict of interest issues, with sup-

ported examples from industry, have been extensively described in

Bazzano 2017.

How the intervention might work

Recovery from SAM during the rehabilitation phase requires high

energy intake accompanied by high-quality protein and micronu-

trients. Locally available foods, if not fortified, often do not meet

the requirements of children recovering from SAM and are prone

to bacterial contamination. Infants and young children can eat

limited amount of food at a time (Lin 2008). Lower energy-den-

sity foods, together with a low frequency of feeding, can result in

an energy intake that is insufficient to enable recovery.

RUTF, a nutrient-dense feed, has been developed to meet these

increased requirements and limits the probability of bacterial con-

tamination. The following characteristics of RUTF may con-

tribute to its possible beneficial effects in the rehabilitation of SAM

(Bazzano 2017; Briend 1999).

1. Balanced, nutritious, home-based therapy

2. Affordable, compared to facility-based rehabilitation
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3. Can be eaten safely at home, even where hygienic

conditions are poor (WHO/WFP/UNSCN/UNICEF 2007)

4. Long shelf life (up to two years)

5. No special storage (for example, refrigeration) or

preparation required

Due to these properties, RUTF has become pivotal to the imple-

mentation of community-based programmes for the management

of malnutrition.

Why it is important to do this review

Both the WHO and UNICEF recommend the use of RUTF in the

community as therapeutic feeding for outpatient rehabilitation for

children with uncomplicated SAM (WHO/UNICEF 2009; see

Table 5). Furthermore, the WHO is committed to ensuring the

inclusion of RUTF in the essential medicine lists (WHO 2017a).

RUTF and RUSFs may pose risks for undermining best nutri-

tion practices for infants and young children, such as compromis-

ing breastfeeding after the age of six months, despite disclaimers

provided by industry (Bazzano 2017; UNICEF 2013b). Further-

more, increased consumption of RUTF in a young child’s diet

may lead to alteration of the epigenome (which is involved in reg-

ulating gene expression and can be affected by changing environ-

ments), thereby potentially programming metabolic and physio-

logical function throughout the life cycle (Bazzano 2017). Also,

countries utilising RUTF are undergoing a nutrition transition,

suffering a double burden of under- and overnutrition (Bazzano

2017). Careful consideration should therefore be given to pro-

grammes aimed at combating undernutrition, to prevent the un-

desirable long-term effects of overweight and obesity.

In the previous version of our review (Schoonees 2013), the lim-

ited evidence-base identified precluded definitive conclusions re-

garding differences in clinical outcomes in children with SAM

who were given home-based RUTF compared to other home-

based nutritional approaches, or who received RUTF in different

daily amounts or formulations. A number of new studies have

since been conducted and are included in this review update. The

findings of this systematic review will be of special interest to peo-

ple in LMICs where SAM is a particular challenge, as well as to

organisations involved in the preparation of clinical guidelines for

practitioners and policy makers dealing with SAM (for example,

WHO, UNICEF and government health departments).

O B J E C T I V E S

To assess the effects of home-based RUTF used during the reha-

bilitation phase of SAM in children aged between six months and

five years on recovery, relapse, mortality and rate of weight gain.

M E T H O D S

Criteria for considering studies for this review

Types of studies

A randomised controlled trial (RCT) is the optimal study design

for answering questions about intervention effects. Because there

are a number of existing RCTs that address our primary outcomes

we have, as in the earlier version of this review (Schoonees 2013),

included only RCTs and studies defined as quasi-randomised (that

is, studies that used an inadequate method of randomisation, such

as alternation or date of birth). We included studies regardless

of whether the unit of randomisation was individuals or clusters

(that is, studies randomised by groups such as clinics, villages or

families).

Types of participants

Children aged between six months and five years with SAM, re-

gardless of country, setting or disease status, and irrespective of the

method of diagnosis employed.

Where a potentially eligible study included children with both

SAM and MAM (or other types of malnutrition), we included

studies where SAM children made up 50% or more of the ran-

domised trial participants. Where results were not available sepa-

rately for children with SAM and could not be obtained by con-

tacting the study authors, we excluded the trial.

Types of interventions

Experimental

1. Home-based rehabilitation with standard RUTF (meeting

the WHO recommendations (WHO/WFP/UNSCN/UNICEF

2007) for nutritional composition; either commercially or non-

commercially produced) as total nutrition or supplement

In some settings, RUTF is provided in dosages that meet the child’s

full daily nutritional requirements (i.e. RUTF is the only food

provided), while in other settings RUTF is given as a supplement

only (i.e. caregivers are instructed that children should consume

the RUTF in addition to the family’s home diet). We considered

both approaches in this review.

We included studies where children with SAM started F-100 or

RUTF treatment in the rehabilitation phase as inpatients, provided

50% or more of the rehabilitation phase and treatment with RUTF

occurred at home.
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Control

1. Dietary rehabilitation as usual (e.g. home-based foods that

are often energy dense and fortified, alternative dietary approach,

etc.)

2. Similar RUTF to the experimental RUTF, but used as a

supplement only

3. Alternative RUTF type (i.e. RUTF differs meaningfully in

terms of ingredients, nutritional content, or both)

We excluded studies in which the effects of RUTF were poten-

tially confounded by another intervention; that is, where multiple

interventions were involved, comparison groups should have re-

ceived the same rehabilitation apart from the experimental RUTF.

Furthermore, we excluded studies where standard (i.e. WHO-

recommended), commercially produced RUTF was compared to

a locally produced RUTF with similar ingredients and nutrition

content.

Types of outcome measures

Primary outcomes

1. Recovery, during and beyond the intervention period, as

defined by study authors

2. Deterioration or relapse, during and beyond the

intervention period, as defined by study authors

3. Mortality, during and beyond the intervention period

Secondary outcomes

1. Rate of weight gain, during the intervention period (to

standardise weight gain across different ages, baseline weight or

lengths and heights)

2. Time to recovery, during the intervention period

3. Anthropometrical status, at the end of the intervention

period and beyond (assessed with, for example, WHZ, weight-

for-age z score (WAZ), height-for-age z score (HAZ), MUAC)

4. Cognitive function and development, at the end of the

intervention period and beyond (assessed with, for example, the

Denver II (Frankenburg 1992), Bayley Scales of Infant and

Toddler Development (Hoskens 2018))

5. Adverse outcomes (such as allergic reactions and diarrhoea),

during and beyond the intervention period, as reported by study

authors

6. Acceptability of RUTF, during the intervention period, as

defined by study authors

Economic commentary

In this update, we expanded our review by searching for studies that

evaluated the cost-effectiveness of home-based RUTF as treatment

for children (between six months and five years of age) with SAM.

We included studies regardless of whether they had carried out a

formal cost-effectiveness assessment (i.e. whether or not the study

included an effectiveness component). Furthermore, we included

studies where RUTF was only one component of a community-

based treatment, but reported results separately for the RUTF

component.

Search methods for identification of studies

We used a comprehensive search strategy to identify all relevant

studies regardless of language or publication status. Searches for

the first version of the review took place in April 2013 (Schoonees

2013). For this update, we ran searches in May and June 2017,

and again in October 2018. We also expanded our search to find

cost-effectiveness studies.

Electronic searches

We searched the following databases and trials registers using the

search strategies in Appendix 1.

1. Cochrane Central Register of Controlled Trials

(CENTRAL; 2018, Issue 12) in the Cochrane Library (searched

9 October 2018)

2. MEDLINE(R), Epub Ahead of Print, In-Process & Other

Non-Indexed Citations, Daily and Versions(R) Ovid (1946 to 8

October 2018)

3. Embase Ovid (1980 to 8 October 2018)

4. African Index Medicus (indexmedicus.afro.who.int;

searched 9 October 2018)

5. CINAHL EBCSOhost (Cumlative Index to Nursing and

Allied Health Literature; 1937 to 9 October 2018)

6. Science Citation Index Web of Science (1970 to 9 October

2018)

7. LILACS (Latin American and Caribbean Health Science

Information database; lilacs.bvsalud.org/en; searched 9 October

2018)

8. ZETOC ( zetoc.jisc.ac.uk; limited to conference search;

searched 9 October 2018)

9. Epistemonikos ( www.epistemonikos.org; last five years;

searched 9 October 2018)

10. ClinicalTrials.gov ( clinicaltrials.gov; searched 10 October

2018)

11. ISRCTN registry ( www.isrctn.com; searched 9 October

2018)

12. WHO International Clinical Trials Registry Platform

(ICTRP; apps.who.int/trialsearch; searched 10 October 2018)

We developed separate strategies to identify cost-effectiveness stud-

ies and ran them in them in the following databases (Appendix 2).

1. MEDLINE OVID (1946 to 8 October 2018)

2. MEDLINE Epub Ahead of Print, In-Process & Other

Non-Indexed Citations, Daily and Versions Ovid (1946 to 8

October 2018)
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3. Embase Ovid (1947 to 8 October 2018)

4. NHS Economic Evaluation Database (NHS EED; 2015,

Issue 2), part of the Cochrane Library (searched 12 June 2017;

no new records added to NHS EED since March 2015)

5. ECONLIT EBSCOHost (1969 to 9 October 2018)

Appendix 3 shows the search strategies used in the previous version

of this review (Schoonees 2013).

Searching other resources

We contacted researchers and healthcare professionals working in

the field, sending them the list of our included and excluded stud-

ies, and asking whether they were aware of any additional stud-

ies. We also checked the reference lists of included studies, appro-

priate reviews and cost-effectiveness studies to identify additional

studies. Furthermore, we contacted the authors of each relevant

study identified in the studies registries to establish whether the

study had been completed (and if so, whether or not there was a

published or unpublished manuscript they could share with us),

and the authors of all included studies to determine if they were

aware of additional studies (published, unpublished or ongoing)

in the field.

Data collection and analysis

Selection of studies

Three review authors (AS, AM and ML) independently and in du-

plicate screened the titles and abstracts of all studies identified by

the electronic searches and selected those that met the prespecified

eligibility criteria (Criteria for considering studies for this review).

We used the software Covidence for screening (titles and abstracts,

and full-text articles) and discussed disparate judgements until we

reached consensus. For studies deemed potentially eligible, we ob-

tained the full-text reports and two review authors (AS and AM

or ML) independently assessed these for eligibility. We contacted

the authors of the primary studies where there was missing in-

formation or if clarification was needed. In the event of no re-

sponse, or incomplete or irrelevant information being received,

we categorised the study as awaiting classification (Characteristics

of studies awaiting classification). We resolved any disagreements

by discussion among the review authors. Two review authors (AS

and AM or ML) also independently screened the results of the

cost-effectiveness searches. We have presented the results of the

screening process in a PRISMA flow diagram (Moher 2009). We

listed studies we initially thought to be relevant but that we later

excluded in the Characteristics of excluded studies tables, with

reasons for exclusion.

Data extraction and management

Three review authors (AS, ML and AM) extracted data from in-

cluded studies in duplicate and independently, using a pre-piloted

electronic data extraction sheet. We resolved disagreements by dis-

cussion and reaching consensus. For each included trial, we ex-

tracted information on each of the following: general (for example,

ethics approval, funding and study period); methods (for example,

study design and number of participants randomised per group);

participants (for example, country, setting, age and comorbidity);

interventions (for example, description, dose, duration, and con-

comitant treatment); outcomes (for example, description and time

point collected); results (for example, numerical results for pre-

specified outcomes); and miscellaneous information (for example,

testing for peanut allergies and quality of anthropometrical mea-

surements). In addition, EN, AS and ML extracted data (one re-

view author per trial, with AS double-checking data across studies

for consistency) using the Template of Intervention Description

and Replication (TIDieR) table in Hoffmann 2017.

We emailed the study authors where reported information was

unclear or contradictory, or where important data were missing.

We entered the extracted data into one of the following tables:

1. Characteristics of included studies tables;

2. Characteristics of excluded studies tables;

3. Characteristics of studies awaiting classification tables; and

4. Characteristics of ongoing studies tables.

With the exception of data from ongoing studies, we extracted

data in duplicate at all times.

We used the Cochrane Review by Sinclair and colleagues to inform

our approach to presenting the data from the included cost-effec-

tiveness studies (Sinclair 2012). One review author (EN for stud-

ies identified with the 2017 search, and AM for studies identified

with the 2018 search), extracted and tabularised the data from the

included studies on cost. AS double-checked the extracted data

across studies for consistency. We have provided further informa-

tion about the economic commentary in the Discussion section.

Assessment of risk of bias in included studies

Two review authors (AS and ML) independently assessed each in-

cluded study for risk of bias using the guidelines provided in the

Cochrane Handbook for Systematic Reviews of Interventions (Higgins

2017), and the criteria set out in Appendix 4. They assessed studies

for bias across the following domains: sequence generation, allo-

cation concealment, blinding, incomplete outcome data, selective

reporting and other potential sources of bias. For each domain,

both review authors independently rated each included study at

low risk of bias, high risk of bias or unclear risk of bias. They

discussed any disagreements with a third review author (JV).

We evaluated cluster studies across the following, additional do-

mains, using the specific criteria set out in Appendix 5: recruit-

ment bias, baseline imbalance, loss of clusters, incorrect analysis
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and comparability with individually randomised studies (Higgins

2017).

We decided on overall risk of bias per study by taking into consider-

ation the domains addressing selection bias, attrition bias (specifi-

cally large or differential attrition between groups) and ’other bias’.

Measures of treatment effect

We used Review Manager 5 (RevMan 5) to manage the data and to

conduct the analyses (Review Manager 2014). We calculated risk

ratios (RR) for dichotomous data and mean differences (MD) for

continuous data, and presented all results with 95% confidence

intervals (CI). In cases where we could not extract raw data to

calculate treatment effects, we reported results according to study

authors.

Unit of analysis issues

Cross-over trials

Because of the nature of the condition involved (SAM), we did

not find any cross-over trials.

Cluster trials

For cluster trials, we followed the method of adjusting for cluster-

ing, described in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011). None of the four included cluster

trials had properly accounted for the cluster design. Therefore, we

used an ’approximate method’, which entailed calculation of an

’effective sample size’ for the comparison groups, by dividing the

original sample size by the ’design effect’, which is 1 + (c-1)ICC,

where c is the average cluster size and ICC is the intra-cluster cor-

relation coefficient. For dichotomous data, we divided both the

number of participants and the number who experienced the event

by the same design effect, while for continuous data, we adjusted

only the sample size (we left means and SDs unchanged). The

number of clusters was available for three of the four cluster trials

and we contacted the study author of the fourth study to obtain

the number of clusters (Ndekha 2005). We imputed a low ICC of

0.001 for two studies because we did not anticipate large between-

cluster variability (Manary 2004; Ndekha 2005). The clusters in

these studies were either the number of weeks of discharge or the

days of discharge in the month. In this way, children from the

same community were assessed in the same facility. We imputed a

higher ICC of 0.005 for Ciliberto 2005 because seven different fa-

cilities represented seven clusters. We, therefore, expected a certain

degree of between-cluster variability in this trial. Although these

values might seem arbitrary, we preferred to use them to adjust

the sample sizes as they are more plausible than an ICC of 0. The

authors of Irena 2015 reported an ICC of 0.015, which we used

to adjust the raw counts provided in the paper. We had initially

intended to use the generic inverse variance method in RevMan

5, but since we had values for the totals, means and SDs per group

from each study for continuous data, it became unnecessary to do

so.

Multiple treatment groups

In three studies there were three arms that were all relevant to our

review (Bhandari 2016 had two experimental RUTF arms com-

pared to the same control; Manary 2004 and Ndekha 2005 had

one experimental arm compared to two controls), and a fourth

study had three arms that each included RUTF (Jones 2015). In

Manary 2004 and Ndekha 2005 the experimental arm received

standard RUTF in a dose that meets daily nutritional require-

ments whereas another arm received a similar RUTF but given

as a supplement to the children’s usual diet. Therefore, we could

not combine these two arms into a single pair-wise comparison

(Higgins 2011), and, as they relate to different comparisons, we

analysed them separately. In Comparison 1, we thus selected the

arm that received standard RUTF in sufficient quantity to meet

daily nutritional requirements compared to the arm that received

a maize and soy flour blend as intervention (adjusted for clustering

using the abovementioned design effects). In Comparison 2, we

also selected the arm that received standard RUTF in sufficient

quantity to meet daily nutritional requirements, but compared it

to the arm that received a similar RUTF but given as a supplement

(adjusted for clustering using the above-mentioned design effects).

Bhandari 2016, which addresses our Comparison 1, had two ex-

perimental arms that are both relevant to our question and com-

pared it to a control of home-prepared locally available foods (“A-

HPF”). The experimental interventions were “RUTF-C”, which

is standard RUTF prepared in a factory and “RUTF-L”, which

is standard RUTF that trained research staff prepared in a local

site kitchen. We used both these arms in the same meta-analyses

and compared it against the control group, where for dichoto-

mous outcomes we divided the control group’s number of events

and sample size by two and for continuous outcomes divided the

control group’s sample size by two and left the means and SDs

unchanged.

Jones 2015, which addresses our Comparison 3, had an arm that

received standard RUTF (“S-RUTF”), an arm that received a flax

seed-containing RUTF (“F-RUTF”) and an arm that received the

flax seed-containing RUTF plus fish oil capsules (“FFO-RUTF”).

Because we could not combine the two latter arms, we chose the

most appropriate comparison, which is standard RUTF versus

“F-RUTF”. We considered the FFO-RUTF arm not relevant to

our question as the fish oil capsules were not part of the RUTF

formulation and thus a potential confounding intervention.

We reported data from the latest time point during or at the end of

the intervention period, and at the latest time point after the inter-

vention period (follow-up), as stipulated in the Types of outcome

measures section (unless otherwise stated). We could not group
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time points as planned in our protocol (Schoonees 2011), owing

to the data available (one month or less of RUTF treatment, less

than one to two or more months of RUTF treatment and more

than two to six months of RUTF treatment). (In hindsight, these

prespecified time points are not that practical, as treatment with

RUTF lasting less than two months or more than four months

seldom takes place in practice.) The primary outcomes in the in-

cluded studies were either measured at the time of recovery (which

varied between participants and such individual data were not re-

ported unless time to recovery was an outcome in the trial), or at

the end of a predetermined time period. We did not distinguish

in the analyses between such studies; however, we reported what

time points were used with each outcome in each trial.

Dealing with missing data

We attempted to obtain essential missing data (for example, stan-

dard deviations, units in which outcomes were measured, results

for outcomes pre-specified but not reported, whether or not par-

ticipants were stabilised in hospital before the trial, intervention

duration) by contacting the study authors via email. We classified

attrition per study as (1) pre-randomisation, (2) immediately post-

randomisation or (3) dropouts during the intervention phase, sup-

plemented with reasons for the absence where these were reported

in the article (Table 6). We imputed values for the ICC where we

could not obtain them from published data.

For dichotomous data (for example, recovery and mortality dur-

ing the intervention period), we used the intention-to-treat (ITT)

principle to calculate effect sizes for individual studies or to pool

more than one trial. We assumed that the participants who were

lost to follow-up or dropped out of the study did not experience

the event of interest. However, for the outcome of ’relapse’, we

assumed that those who dropped out did not receive any treat-

ment (RUTF or the control diet) and therefore experienced the

event. Furthermore, when assessing dichotomous outcomes (e.g.

recovery) at follow-up (e.g. six months after the children initially

recovered), we employed the available-case principle; that is, we

assessed only those who recovered during the intervention period

and came back for follow-up, as opposed to all children who re-

covered. We did not consider it plausible to assume that those who

did not come back deteriorated. For continuous data, we calcu-

lated MDs for studies based on the available-case principle.

Assessment of heterogeneity

We assessed heterogeneity by visual inspection of forest plots and

statistically by means of the Chi2 test for heterogeneity (signifi-

cance level P value < 0.10). We quantified heterogeneity using the

I2 test (Higgins 2002), where I2 values of 50% or more indicated

a substantial level of heterogeneity (Higgins 2003).

We considered the following characteristics as possible sources

of clinical heterogeneity (and therefore used these in subgroup

analyses; Subgroup analysis and investigation of heterogeneity):

whether or not participants were stabilised as inpatients before

they received home-based RUTF; differences in RUTF (e.g. com-

mercially produced or not); differences in age across participants,

and differences in comorbidity across participants.

Assessment of reporting biases

We had planned to assess the likelihood of reporting bias with

funnel plots using at least 10 studies per comparison and outcome

(Sterne 2017). However, we identified too few studies to allow for

this.

Data synthesis

We anticipated a high degree of heterogeneity due to the inclusion

of children across different settings, some of whom were hospi-

talised before enrolment into the study and others not; interven-

tion periods across studies being of differing duration; and the use

of different definitions (e.g. for recovery and the rate of weight

gain). For this reason, we used a random-effects model to com-

bine the results per comparison and outcome across studies, with

inverse-variance weighting for continuous outcomes and Mantel-

Haenszel weighting for dichotomous outcomes. Where substan-

tial statistical heterogeneity existed, we investigated the potential

sources of heterogeneity through subgroup analysis as reported

below (Subgroup analysis and investigation of heterogeneity).

Using the GRADE tool (Guyatt 2011), AS and ML evaluated the

quality of evidence (high, moderate, low or very low) of the four

most important outcomes (recovery, relapse, mortality and the rate

of weight gain) for all three comparisons:

1. standard RUTF provided at a dose that meets total daily

nutritional requirements versus an alternative dietary approach;

2. standard RUTF provided at a dose that meets total daily

nutritional requirements versus as a supplement to the usual diet;

and

3. standard RUTF versus RUTF using an alternative

formulation.

We considered five reasons for possible downgrading of the quality

of the evidence, namely limitations in study design or execution

(risk of bias), inconsistency of results, indirectness of evidence,

imprecision and publication bias. We have reported these ratings in

’Summary of findings’ tables, which we created using GRADEPro

GDT 2015 software.

Subgroup analysis and investigation of heterogeneity

We considered heterogeneity to be statistically significant when I
2 was 50% or higher and P value was under 0.10. We performed

subgroup analyses when we detected statistical heterogeneity, or,

in the case of pre-trial hospitalisation, regardless of statistical het-

erogeneity. We considered the following subgroups.
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1. Pre-trial hospital stabilisation versus no pre-trial

hospitalisation: clinical heterogeneity could exist between

children diagnosed with complicated SAM (requiring

stabilisation in hospital) compared to those with uncomplicated

SAM (who usually do not require hospitalisation)

2. Commercial (i.e. factory) versus non-commercial (i.e.

institution kitchen) RUTF: it is generally cheaper to produce

RUTF non-commercially in a local site kitchen than in a food

factory (commercially); however, there are concerns about batch

consistency and microbiological safety in the case of non-

commercial production

3. Different types of RUTF products (for example, corn and

soy-based versus peanut-based RUTF)

4. Age of children: 6 to 12 months, as this is the ideal period

to start weaning from a milk-based diet; 13 months to 5 years, as

these children consume a mixed diet (mostly not breast milk

although the child may still be taking some

5. Children with or without comorbid disease (for example,

HIV/AIDS, tuberculosis, malaria)

Because subgroup analyses should be interpreted with caution,

we applied the following criteria when interpreting the results:

consideration of the direction of the point estimate per subgroup;

overlap of the CIs of different subgroups; and statistical tests for

differences between subgroups.

The available data did not allow subgroup analyses in relation to

age (i.e. the individual studies included in our review did not strat-

ify or report data in a way that allowed us to conduct such anal-

yses). In Comparison 1, we assessed subgroups 1, 2 and 5, where

data allowed. In Comparison 2, with only two studies, we could

only apply subgroup 5; and in Comparison 3, we assessed sub-

groups 1, 3 and 5, where data allowed. More detail per compari-

son, as available data allowed, follows below (Included studies).

Sensitivity analysis

Where data allowed, we performed sensitivity analyses on the four

outcomes reported in the ’Summary of findings’ tables, to assess

the influence of study quality (using low risk of bias in selection

bias, attrition bias, and other bias as markers) and study design

(cluster trials versus individually randomised controlled trials) on

the findings.

R E S U L T S

Description of studies

Results of the search

We recorded the results of the search and screening process in a

PRISMA flow diagram; see Figure 2. Briefly, we screened 2830

search results in 2013 (Schoonees 2013), and, for this update,

an additional 2729 records (of which 526 were from the searches

for cost-effectiveness studies) in 2017 and 2018. For this update,

we scrutinised 39, new, full-text reports that we identified as po-

tentially eligible for the effects (main) part of our review, and

of these, selected 12 new reports (11 new studies) for inclusion

(Included studies); categorised two new reports (two studies) as

Studies awaiting classification; identified 10 new reports (eight

studies) of Ongoing studies; and excluded 15 reports with reasons

(Excluded studies). We used Google Translate to conduct a pre-

liminary assessment of non-English abstracts, but did not need to

obtain the full texts for any of these studies.
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Figure 2. PRISMA flow diagram of search for effectiveness section of the review

16Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Included studies

This review includes 7976 children from a total of 15 studies: four

from our 2013 review (Schoonees 2013) namely Ciliberto 2005,

Manary 2004, Ndekha 2005 and Oakley 2010; and 11 that are

new to this update (Bahwere 2014; Bhandari 2016; Hsieh 2015a;

Hsieh 2015b; Irena 2015; Jadhav 2016; Jones 2015; Kerac 2009;

Shewade 2013; Sigh 2018; Thapa 2017). Of these 15 studies, two

were reported in the same article (Hsieh 2015a; Hsieh 2015b).

We contacted the study authors and established that a detailed

manuscript for Hsieh 2015b does not exist. In addition, we have

included two reports of the same study as separate studies (Manary

2004; Ndekha 2005), as they involved different children, namely

those with and without HIV. Four of the 15 included studies are

cluster trials (Ciliberto 2005; Irena 2015; Manary 2004; Ndekha

2005). After calculating their respective effective sample sizes, the

total number of children analysed in this review is 6630.

Our 2013 review, Schoonees 2013, included only studies con-

ducted in Malawi (Ciliberto 2005; Manary 2004; Ndekha 2005;

Oakley 2010). This review update includes an additional four

studies from Malawi (Bahwere 2014; Hsieh 2015a; Hsieh 2015b;

Kerac 2009), as well as four studies from India (Bhandari 2016;

Jadhav 2016; Shewade 2013; Thapa 2017), and one study apiece

from Zambia (Irena 2015), Kenya (Jones 2015), and Cambodia

(Sigh 2018).

Overall, the duration of the intervention periods ranged from eight

(Ciliberto 2005; Jadhav 2016; Oakley 2010; Sigh 2018; Thapa

2017) to 16 weeks (Bahwere 2014; Manary 2004). One trial,

which only assessed acceptability, did not report the duration of

the intervention (Hsieh 2015b), and two studies did not specify

a maximum intervention duration (Irena 2015; Ndekha 2005).

Only five studies followed up children after the intervention period

(maximum of six months), and generally reported on a limited

number of outcomes (Bhandari 2016; Ciliberto 2005; Jadhav

2016; Manary 2004; Ndekha 2005).

The section below provides a list of the included studies grouped

according to the comparison assessed. Further details are given in

the Characteristics of included studies tables, as well as in Table 7

(Comparison 1), Table 8 (Comparison 2) and Table 9 (Compari-

son 3), which are based on the TIDieR table in Hoffmann 2017.

Comparison 1: standard RUTF provided at a dose that

meets total daily nutritional requirements versus an

alternative dietary approach

We included seven studies in this comparison (Bhandari 2016;

Ciliberto 2005; Jadhav 2016; Manary 2004; Ndekha 2005;

Shewade 2013; Thapa 2017).

1. Bhandari 2016: an individually randomised, controlled

trial, with 906 children aged 6 to 59 months in India. The study

compared a standard peanut- and milk-based RUTF in two arms

(one factory-produced and one produced in an institution

kitchen) to caregiver-prepared, locally available foods (with

energy-dense and nutrient-rich recipes).

2. Ciliberto 2005: a stepped-wedge design (which we treated

as a cluster, quasi-randomised trial) with children aged between

10 and 60 months in Malawi. Of the 1178 children that were

randomised, 645 had SAM, with an effective sample size of 352.

The study compared a standard peanut- and milk-based RUTF

(factory-produced) to F-100 (start of rehabilitation as inpatients)

and a caregiver-prepared flour porridge (maize and soy flour

blend) at home.

3. Jadhav 2016: an individually randomised, controlled trial

with 321 children aged six months to five years in India. The

study compared a standard peanut- and milk-based RUTF

(produced in an institution kitchen) to an energy-dense and high

protein diet from locally available foods (prepared in a hospital

kitchen during admission, and by caregivers at home after

discharge).

4. Manary 2004: a cluster, quasi-randomised trial of 186

children (effective sample size = 182) older than 12 months of

age who were not infected with HIV (HIV-uninfected) in

Malawi. The study compared a standard peanut- and milk-based

RUTF (factory-produced) to a caregiver-prepared flour porridge

(maize and soy flour blend) at home.

5. Ndekha 2005: a cluster, quasi-randomised trial of 65

children (effective sample size = 65) aged between 12 and 60

months who were infected with HIV (HIV-infected) in Malawi.

The study compared a standard peanut- and milk-based RUTF

(factory-produced) to a caregiver-prepared flour porridge (maize

and soy flour blend) at home.

6. Shewade 2013: an individually randomised, controlled trial

with 26 children aged six months to five years in India. Each of

the two groups received the same care (anthropometry, case

management, feeding counselling, supplementary nutrition), but

the experimental group also received a standard peanut- and

milk-based RUTF produced in an institution kitchen.

7. Thapa 2017: an individually randomised, controlled trial

with 112 children aged six months to five years in India. The

study compared a standard peanut- and milk-based RUTF

(produced in an institution kitchen) to caregiver-prepared,

precooked, locally available foods.

Comparison 2: standard RUTF provided at a dose that

meets total daily nutritional requirements versus as a

supplement to the usual diet
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We included two studies in this comparison (Manary 2004;

Ndekha 2005).

Manary 2004 and Ndekha 2005: these are the same studies re-

ported under Comparison 1, except for this Comparison, we used

the RUTF and RUTF supplement groups in our analyses. The

studies used similar RUTF products but in different portions.

Comparison 3: standard RUTF versus RUTF using an

alternative formulation

We included eight studies in this comparison (Bahwere 2014;

Hsieh 2015a; Hsieh 2015b; Irena 2015; Jones 2015; Kerac 2009;

Oakley 2010; Sigh 2018).

1. Bahwere 2014: an individually randomised, controlled trial

of 600 children aged 6 to 59 months in Malawi. The study

compared a standard milk-based RUTF (peanuts; factory-

produced) to a RUTF containing whey protein (factory-

produced).

2. Hsieh 2015a: an individually randomised, controlled trial

of 141 children aged between six months and five years in

Malawi. The study compared a standard milk-based RUTF

(peanuts; factory-produced) to a RUTF containing high oleic

fatty acids (factory-produced).

3. Hsieh 2015b: an individually randomised, controlled trial

of 148 children aged between six months and five years in

Malawi. The study compared a standard milk-based RUTF

(peanuts; factory-produced) to a RUTF containing high oleic

fatty acids (factory-produced).

4. Irena 2015: a cluster-RCT of 1927 children (effective

sample size = 881) across 12 clusters and aged between 6 and 60

months in Zambia. The study compared a standard milk-based

RUTF (peanuts; factory-produced) to a RUTF containing soy,

maize and sorghum (factory-produced).

5. Jones 2015: an individually randomised, controlled trial of

61 children aged between 6 and 60 months in Kenya. The study

compared a standard milk-based RUTF (peanuts; factory-

produced) to a RUTF containing flax seed oil (factory-

produced).

6. Kerac 2009: an individually randomised, controlled trial

with 795 children aged between 5 and 168 months in Malawi.

The study compared a standard milk-based RUTF (peanuts;

factory-produced) to a RUTF containing pre- and probiotics

(factory-produced).

7. Oakley 2010: an individually randomised, controlled trial

of 1874 children aged between 6 and 59 months in Malawi. The

study compared a standard milk-based RUTF (peanuts; factory-

produced) to a RUTF containing only 10% milk and soy flour

(factory-produced).

8. Sigh 2018: an individually randomised, controlled trial of

121 children aged between 6 to 59 months in Cambodia. The

study compared a standard milk-based RUTF (cereal; factory-

produced) to a RUTF containing locally available fish, mung

beans, rice, soybeans and rice flour (factory-produced).

Although Kerac 2009 was published in 2009, and we identified it

in our earlier search, we did not include it in the original review

(Schoonees 2013), because the abstract specified that the study

included children aged 5 to 168 months, and we rejected the study

during the titles and abstracts screening stage. For this review up-

date, we obtained the full-text article for this study and determined

that the majority of the children were in the six-month-to-five-

year age group, and that the study authors had done a separate

analysis for this group.

Subgroup analyses

With the exception of one study (Hsieh 2015b), we were able to

use data from our included studies to conduct four of our five,

preplanned subgroup analyses (Schoonees 2011).

Pre-trial hospital stabilisation versus no pre-trial

hospitalisation

We conducted an analysis of the following subgroups for Compar-

isons 1 and 3 using data from 14 studies (Bahwere 2014; Bhandari

2016; Ciliberto 2005; Hsieh 2015a; Irena 2015; Jadhav 2016;

Jones 2015; Kerac 2009; Manary 2004; Ndekha 2005; Oakley

2010; Shewade 2013; Sigh 2018; Thapa 2017).

1. All participants received in-hospital stabilisation before

study enrolment

i) Comparison 1: three studies (Jadhav 2016; Manary

2004; Ndekha 2005)

ii) Comparison 3: one study (Kerac 2009)

2. Some of the participants received in-hospital stabilisation

before study enrolment

i) Comparison 1: two studies (Bhandari 2016; Ciliberto

2005)

ii) Comparison 3: three studies (Bahwere 2014; Jones

2015; Sigh 2018)

3. No pre-trial inpatient stabilisation occurred

i) Comparison 1: two studies (Shewade 2013; Thapa

2017)

ii) Comparison 3: three studies (Hsieh 2015a; Irena

2015; Oakley 2010)

Commercial (i.e. factory) versus non-commercial (i.e.

institution kitchen) RUTF

We conducted an analysis of the following subgroups for Compar-

ison 1 using data from six studies (Ciliberto 2005; Jadhav 2016;

Manary 2004; Ndekha 2005; Shewade 2013; Thapa 2017).

1. Factory-produced RUFT

i) Comparison 1: three studies (Ciliberto 2005; Manary

2004; Ndekha 2005)

2. Local site-kitchen-produced RUFT
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i) Comparison 1: three studies (Jadhav 2016; Shewade

2013; Thapa 2017)

Different types of RUTF products (for example, corn and

soy-based versus peanut-based RUTF)

We conducted an analysis of the following subgroups for Compar-

ison 3 using data from seven studies (Bahwere 2014; Hsieh 2015a;

Irena 2015; Jones 2015; Kerac 2009; Oakley 2010; Sigh 2018).

1. Studies where the control RUTF contained less or no milk

powder: four studies (Bahwere 2014; Irena 2015; Oakley 2010;

Sigh 2018)

2. Studies where the control RUTF contained specific fatty

acids: two studies (Hsieh 2015a; Jones 2015)

3. Studies where the control RUTF contained pre- and

probiotics: one study (Kerac 2009)

Age of children: 6 to 12 months

The data from the included studies did not allow subgroup analyses

of age.

Children with or without comorbid disease (for example,

HIV/AIDS, TB)

We conducted an analysis of the following subgroups for Com-

parisons 1 and 2 using the data from four studies (Bhandari 2016;

Ciliberto 2005; Manary 2004; Ndekha 2005).

1. HIV-uninfected or untested children

i) Comparison 1: three studies (Bhandari 2016;

Ciliberto 2005; Manary 2004)

ii) Comparison 2: one study (Manary 2004)

2. HIV-infected children

i) Comparison 1: one study (Ndekha 2005)

ii) Comparison 2: one study (Ndekha 2005)

Sensitivity analysis

With the exception of one study (Hsieh 2015b), we were able to

use data from our included studies to conduct our preplanned

sensitivity analyses (Schoonees 2011).

Study quality (using low risk of bias in selection bias,

attrition bias, and other bias as marker of quality)

We conducted sensitivity analyses for Comparisons 1 and 3 using

data from five studies (Bahwere 2014; Bhandari 2016; Jones 2015;

Kerac 2009; Oakley 2010).

1. Comparison 1: one study (Bhandari 2016)

2. Comparison 3: four studies (Bahwere 2014; Jones 2015;

Kerac 2009; Oakley 2010)

Study design (cluster trials versus individually randomised,

controlled trials)

We conducted sensitivity analyses for Comparisons 1 and 2 using

data from 14 studies (Bahwere 2014; Bhandari 2016; Ciliberto

2005; Hsieh 2015a; Irena 2015; Jadhav 2016; Jones 2015; Kerac

2009; Manary 2004; Ndekha 2005; Oakley 2010; Shewade 2013;

Sigh 2018; Thapa 2017).

1. individually randomised, controlled trials

i) Comparison 1: four studies (Bhandari 2016; Jadhav

2016; Shewade 2013; Thapa 2017)

ii) Comparison 3: six studies (Bahwere 2014; Hsieh

2015a; Jones 2015; Kerac 2009; Oakley 2010; Sigh 2018)

2. Cluster trials

i) Comparison 1: three studies (Ciliberto 2005; Manary

2004; Ndekha 2005)

ii) Comparison 3: one study (Irena 2015)

Excluded studies

In total, we excluded 37 studies with reasons from this review; 22

studies from our 2013 review (Schoonees 2013), and a further 15

studies from this update (Ashraf 2017; Bahwere 2016; Bahwere

2017; Brown 2015; Choudhury 2018; CTRI/2013/02/003418;

Dani 2017; Ige 2014; Malik 2016; Mallewa 2018; Manary 2013;

Maust 2015; Nga 2013; Sato 2018; Wasnik 2012). The most com-

mon reasons for exclusion were that the study design was neither

an RCT nor a quasi-randomised trial (n = 10); the intervention

was not RUTF (n = 8); the participant population was not eligible

(n = 8); and ineligible comparisons (n = 8). In addition, one study

included an ineligible participant population and had an ineligi-

ble comparison, one study was about prevention and not rehabil-

itation, and one registered trial entry that appeared eligible was

never conducted due to a lack of funding. See the Characteristics

of excluded studies tables.

Studies awaiting classification

In this update, we identified two studies that are awaiting classifi-

cation (Huq 2013; Kaleem 2014).

Huq 2013 is a conference abstract of a study conducted in

Bangladesh between 2009 and 2012. Detailed information about

the interventions used (RUTF versus “rice-lentils based tradi-

tional-diets (khichuri and halwa”) is not available. We emailed

the study authors at least twice, requesting a copy of the full

manuscript, but have yet to receive a response.

Kaleem 2014 is an individually randomised, controlled trial with

270 children aged 6 to 59 months in Pakistan, with three inter-

vention groups: RUTF produced in a factory in France (n = 90), a

“Homemade High Density Diet” (n = 90), and “Homemade High

Density diet along with Micronutrient supplements” (n = 90).

After careful consideration, we decided to place this study in the

’awaiting assessment’ category, because the main results reported
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for the two relevant groups in our Comparison 1 were identical and

we feel this unusual scenario requires further clarification. We also

found a discrepancy in the article for weight gain, where slightly

different results were provided in the table compared to text, and

an instance where the percentage events had not been calculated

correctly. We are engaging with the study author in order to clarify

these findings.

See the Characteristics of studies awaiting classification tables.

Ongoing studies

In our 2013 review (Schoonees 2013), there were nine ongoing

studies. Of these, four entries are now included in this review

as Bhandari 2016 (CTRI/2012/10/003054 and NCT01705769),

Irena 2015 (ISRCTN62376241) and Shewade 2013 (CTRI/

11/12/002259). One ongoing study entry (NCT01785680) in

our 2013 review has been excluded with its published record,

Maust 2015, due to the study having had an ineligible study

population and ineligible comparison. Regarding the other

four ongoing studies from our 2013 review, we emailed the

study authors to obtain available (published or unpublished)

manuscripts (NCT00131417; NCT00941434; NCT01144806;

NCT01634009). The author for NCT00131417 responded say-

ing that the study had not yet been published, but an unpub-

lished manuscript could be provided by September 2017. How-

ever, this has not yet been received after following up with the

author again. Two studies have the same contact author, to whom

we have sent repeated email requests for information, and who

has not responded (NCT00941434; NCT01144806). The author

of NCT01634009 informed us in 2017 that their “final analysis

is ongoing” and that the researchers “may be able to share [the

manuscript] after a couple of months”; however, we have not yet

received it.

We identified six studies by

searching trials registers in 2017 (CTRI/2014/09/004958; CTRI/

2016/02/006656; ISRCTN30393230; ISRCTN50039021;

NCT01331044; NCT03094247). The authors of four stud-

ies informed us that their studies are still ongoing (CTRI/

2016/02/006656; ISRCTN30393230; ISRCTN50039021;

NCT03094247). The author of NCT01331044 informed us that

their manuscript is underway and will be available after peer re-

view. We also contacted the author of CTRI/2014/09/004958 in

October 2017, but did not receive a response at the time of pub-

lication. In our 2018 search, we found two additional ongoing

studies (ISRCTN31143316; NCT03407326), for which the start

dates in the trial registry entries are indicated as October 2017 and

September 2018, respectively.

See Characteristics of ongoing studies tables.

Funding sources and conflicts of interest

Of our 15 included studies, six were linked to funding or dona-

tions from industry (Bahwere 2014; Ciliberto 2005; Jadhav 2016;

Manary 2004; Ndekha 2005; Thapa 2017), one did not report the

source of funding (Hsieh 2015b), and eight studies reported fund-

ing from non-industry sponsors (Bhandari 2016; Hsieh 2015a;

Irena 2015; Jones 2015; Kerac 2009; Oakley 2010; Shewade 2013;

Sigh 2018).

One study declared a conflict of interest that was not industry-

linked (Bhandari 2016). Two studies declared that one or more

authors have a link to industry (Bahwere 2014; Irena 2015), while

two other studies reported that the authors have links to industry

but declared no conflict of interest (Jones 2015; Kerac 2009).

Six studies declared no conflict of interest (Ciliberto 2005; Hsieh

2015a; Jadhav 2016; Oakley 2010; Sigh 2018; Thapa 2017). The

four remaining studies did not report on this matter (Hsieh 2015b;

Manary 2004; Ndekha 2005; Shewade 2013).

Risk of bias in included studies

We have presented our judgements regarding the risk of bias in

each of the included studies in the ’Risk of bias’ tables beneath

the Characteristics of included studies tables. We rated the overall

risk of bias as high for six studies (Ciliberto 2005; Jadhav 2016;

Manary 2004; Ndekha 2005; Sigh 2018; Thapa 2017), unclear

for three studies (Hsieh 2015a; Hsieh 2015b; Irena 2015), and

low for six studies (Bahwere 2014; Bhandari 2016; Jones 2015;

Kerac 2009; Oakley 2010; Shewade 2013). Figure 3 and Figure 4

provide graphical summaries of the ’Risk of bias’ assessments. For

the four cluster studies, we have presented additional risk of bias

information in Table 10.
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Figure 3. ’Risk of bias’ graph: review authors’ judgements about each ’Risk of bias’ item presented as

percentages across all included studies
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Figure 4. ’Risk of bias’ summary: review authors’ judgements about each ’Risk of bias’ item for each

included study
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Allocation

Here, we refer to both the generation of the random allocation

sequence and concealment of the allocation code.

We judged seven studies to be at low risk of selection bias (Bahwere

2014; Bhandari 2016; Jones 2015; Kerac 2009; Oakley 2010;

Shewade 2013; Sigh 2018); three studies to be a high risk of selec-

tion bias as they were quasi-randomised (Ciliberto 2005; Manary

2004; Ndekha 2005); and five studies to be at unclear risk of bias

as they either did not report the method of sequence generation

(Hsieh 2015a; Hsieh 2015b; Thapa 2017) or did not report ade-

quate allocation concealment (Irena 2015; Jadhav 2016).

Blinding

Blinding of participants and personnel (performance bias)

We judged 13 studies at low risk of performance bias because the

participants across groups received the same amount of contact

time with study personnel: it is not likely that children in one

group performed better because they received more care (Bahwere

2014; Bhandari 2016; Ciliberto 2005; Hsieh 2015a; Irena 2015;

Jadhav 2016; Jones 2015; Kerac 2009; Manary 2004; Ndekha

2005; Oakley 2010; Shewade 2013; Sigh 2018). Also, for the

eight studies in which blinding was not done, we judged that the

outcome measurements in children were not likely to be influenced

by the lack of blinding of caregivers and study personnel (Bhandari

2016; Ciliberto 2005; Irena 2015; Jadhav 2016; Manary 2004;

Ndekha 2005; Shewade 2013; Sigh 2018).

For the two studies where acceptability was the main focus, we

judged one, Thapa 2017, at high risk of performance bias and the

other, Hsieh 2015b, at unclear risk. In these studies, if caregivers

knew what intervention their child was getting, we feel they could

have influenced children to eat more or less RUTF, based on their

own taste preferences or perception of the product. In addition,

Thapa 2017 did not perform blinding, while Hsieh 2015b re-

ported ’double-blinding’ but did not explain how the blinding had

been done.

Blinding of outcome assessment (detection bias)

Seven studies reported that outcome assessors were unaware of

the intervention that the child received (Bahwere 2014; Bhandari

2016; Hsieh 2015a; Hsieh 2015b; Jones 2015; Kerac 2009;

Oakley 2010). We rated three of these studies, which did not ex-

plain how blinding was ensured, at unclear risk of detection bias

(Hsieh 2015a; Hsieh 2015b; Oakley 2010). We considered the

remaining four studies to be at low risk of detection bias.

We judged the eight remaining studies to be at unclear risk of

detection bias (Ciliberto 2005; Irena 2015; Jadhav 2016; Manary

2004; Ndekha 2005; Shewade 2013; Sigh 2018; Thapa 2017),

as the outcome assessors were not blinded and the majority of

the primary and secondary outcomes were dependent on physical

anthropometric measurements by outcome assessors.

Incomplete outcome data

We rated four studies at low risk of attrition bias as they either did

not have differential loss to follow-up in the two groups or they

did not have substantial overall attrition (Bhandari 2016; Oakley

2010; Shewade 2013; Thapa 2017). Although Hsieh 2015a, had

differential losses (8.6% versus 2.8%), we judged the study at

low risk of attrition bias as the proportions were based on small

numbers.

We considered four studies to have a high risk of attrition bias

(Jadhav 2016; Manary 2004; Ndekha 2005; Sigh 2018). Jadhav

2016 and Sigh 2018 had substantial overall attrition, while Manary

2004 and Ndekha 2005 had differential loss to follow-up between

two arms. Both Manary 2004 and Ndekha 2005 each had three

arms: RUTF at a dose meeting total daily nutritional requirements,

RUTF supplement in addition to the usual diet and flour porridge

as control. In both studies, the RUTF supplement arm had more

than double the percentage attrition compared to the other two

arms.

We rated six studies at unclear risk of attrition bias; three because

the study authors did not report how missing data for the ITT

analyses were handled (Bahwere 2014; Irena 2015; Jones 2015);

two because only a subgroup of the randomised participants was

eligible for inclusion in our review and it is unclear whether ran-

domisation was preserved in this smaller group (Ciliberto 2005;

Kerac 2009); and one because it was not clear what were the sam-

ple size(s) for the different acceptability outcomes (Hsieh 2015b).

We provided a summary of missing data in Table 6.

Selective reporting

For each included trial, we searched for the protocol in the trials

registries mentioned under Search methods for identification of

studies, and contacted the primary study authors asking whether

their studies had been registered. We judged five studies for which

no protocol was available to be at unclear risk of reporting bias

(Bahwere 2014; Ciliberto 2005; Hsieh 2015b; Manary 2004;

Ndekha 2005). We judged another trial, Thapa 2017, which re-

ported a trial registration number, to be at unclear risk of reporting

bias also, because we could not find the registration entry on the

Internet and the author did not respond to our communication.

We judged a further eight studies at unclear risk of reporting bias

because we found discrepancies between the prespecified outcomes

(as per the protocol) and those that were addressed, and whether
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this affected the validity of the outcome data is unclear (Bhandari

2016; Hsieh 2015a; Irena 2015; Jadhav 2016; Jones 2015; Oakley

2010; Shewade 2013; Sigh 2018).

We judged one trial, Kerac 2009, to be at low risk of reporting bias

because all expected outcomes were prespecified and reported.

Other potential sources of bias

We assessed the included studies for differences in baseline charac-

teristics between comparison groups. We judged three studies to

have a low risk of other bias as the baseline characteristics in the

two groups appeared similar (Bhandari 2016; Jones 2015; Oakley

2010). We judged an additional four studies to be at low risk of

other bias (Bahwere 2014; Hsieh 2015a; Manary 2004; Ndekha

2005); although there were differences in important baseline char-

acteristics, these were likely due to chance.

We judged two individually randomised trials at unclear risk of

other bias because they did not report on important baseline char-

acteristics (Hsieh 2015b; Shewade 2013). We rated five studies

at unclear risk of other bias; three studies - Irena 2015, Shewade

2013 and Sigh 2018 - used blocked randomisation that, in combi-

nation with a lack of blinding, could have posed a risk to selection

bias (see section 8.15.1.3 in the Cochrane Handbook for Systematic
Reviews of Interventions version 5.2 (Higgins 2017), and two stud-

ies did not report the baseline characteristics for the subgroups

eligible to our review (Ciliberto 2005; Kerac 2009).

We rated two studies at high risk of other bias (Jadhav 2016; Thapa

2017). Jadhav 2016 reported baseline characteristics only for the

children who remained in the study after two weeks (75.4%), and

in Thapa 2017, there were substantial differences in the impor-

tant baseline characteristics age and weight. It is likely that these

influenced the results of all outcomes (except for acceptability).

In cluster trials, it is important to consider the unit of allocation to

avoid potential bias. We investigated this for the four cluster trials

(Ciliberto 2005; Irena 2015; Manary 2004; Ndekha 2005). While

three of these studies did not adjust for clustering, one study ad-

justed for clustering in their multivariate analyses and provided the

ICC used (Irena 2015). We also assessed recruitment bias, cluster

baseline imbalances, loss of clusters, incorrect analysis and compa-

rability with individually randomised trials for these four studies

(Table 10). We judged two studies to have a low risk of recruitment

bias because, although the children were recruited after the differ-

ent clusters were allocated a specific intervention, an independent

doctor discharged the children without knowing which discharge

days or week matched which intervention (Manary 2004; Ndekha

2005). We judged two studies to have a high risk of recruitment

bias because children were recruited after sites were assigned a spe-

cific intervention (Ciliberto 2005; Irena 2015). In terms of base-

line imbalances, we judged three cluster trials to have an unclear

risk of bias because no relevant information was provided to as-

sess this particular aspect. We judged the fourth trial, Irena 2015,

to have a low risk of baseline imbalances because the author per-

formed multivariate analyses to assess the effects of clusters and

detected no interactions. All clusters in the four cluster trials were

retained and, therefore, we judged all of them to be at low risk

of bias for loss of clusters. For the incorrect analysis domain, we

judged one study to be at low risk of bias because the study authors

provided the ICC that we used to calculate the design effect (Irena

2015). However, for the other three studies, we had to estimate the

ICC and are unsure how close our estimate is to the truth. In terms

of comparability with individually randomised trials, we judged

two studies to be at low risk of bias because for the four most

important outcomes the findings of these studies are in line with

that of the individually randomised trials (Ciliberto 2005; Irena

2015). We judged the other two studies to be at an unclear risk of

bias for this aspect, as for some of the most important outcomes,

the findings of the cluster trials were not in line with that of the

individually randomised trials and it could possibly be because of

aspects other than the study design (Manary 2004; Ndekha 2005).

Effects of interventions

See: Summary of findings for the main comparison Standard

ready-to-use therapeutic food (RUTF) provided at a dose that

meets total daily nutritional requirements versus an alternative

dietary approach; Summary of findings 2 Standard ready-to-use

therapeutic food (RUTF) provided at a dose that meets total daily

nutritional requirements versus as a supplement to the usual diet;

Summary of findings 3 Standard ready-to-use therapeutic food

(RUTF) versus RUTF using an alternative formulation

In this section, we report on all eligible outcomes addressed by

the included studies for each of the pre-specified comparisons. We

also provide a ’Summary of findings’ table per comparison, each of

which contains our three primary outcomes and an important sec-

ondary outcome, namely rate of weight gain (Summary of findings

for the main comparison; Summary of findings 2; Summary of

findings 3).

Data did not allow us to analyse results by different age groups,

and only a few studies (Kerac 2009; Manary 2004; Ndekha 2005),

tested participants’ HIV status, which limited the number of sub-

group analyses we were able to do for this important comorbidity.

No included study measured our secondary outcome ’cognitive

function and development’. Nor did they specifically assess allergic

reactions as an adverse outcome. Although three studies explicitly

excluded children with known allergies (Bhandari 2016; Hsieh

2015a; Jones 2015), only one study reported that a child was lost

to follow-up due to being diagnosed with an allergy (Bhandari

2016).

Comparison 1: standard RUTF provided at a dose

that meets total daily nutritional requirements versus

an alternative dietary approach

Seven studies with a total of 2261 children (effective sample

size = 1964) evaluated the effects of RUTF meeting total daily
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nutritional requirements versus alternative dietary approaches

(Bhandari 2016; Ciliberto 2005; Jadhav 2016; Manary 2004;

Ndekha 2005; Shewade 2013; Thapa 2017). Four studies ran-

domised participants individually, and three studies assigned their

participants in clusters (Ciliberto 2005; Manary 2004; Ndekha

2005). The three cluster trials were also quasi-randomised trials.

Primary outcomes

Recovery during intervention

Six studies measured and reported on recovery (Bhandari 2016;

Ciliberto 2005; Jadhav 2016; Manary 2004; Ndekha 2005;

Shewade 2013). These studies measured recovery in different ways:

achieving WHZ of −2 or more and absence of oedema (Bhandari

2016); reaching a WHZ score more than −2 and disappearance

of oedema (Ciliberto 2005); WHZ more than −2 (Jadhav 2016);

having a WHZ score more than 0 (Manary 2004); reaching 100%

weight for height (Ndekha 2005); and reaching 115% of baseline

weight (Shewade 2013). Three studies were cluster trials (Ciliberto

2005; Manary 2004; Ndekha 2005), and we adjusted the results

for clustering as described above (Unit of analysis issues).

A random-effects meta-analysis of these six studies showed that

RUTF significantly improved recovery compared to the alternative

diet (RR 1.33, 95% CI 1.16 to 1.54; n = 1852; Analysis 1.1; Figure

5); there was no significant heterogeneity between the studies (Chi
2 = 7.54, degrees of freedom (df ) = 5; P = 0.18; I2 = 34%).

Figure 5. Forest plot of Comparison 1. Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, outcome: 1.1 recovery during intervention

Subgroup and sensitivity analyses

There was also no heterogeneity between the findings in subgroup

analysis based on pre-trial hospitalisation (Chi2 = 2.42, df = 2; P

= 0.30; I2 = 17.3%; Analysis 1.2).

The sensitivity analysis with Bhandari 2016, the only study at low

risk of bias, showed a difference in favour of the RUTF group

(RR 1.22, 95% CI 1.04 to 1.42; n = 906; analysis not shown),

which is in the same direction as the overall pooled effect estimate.

A sensitivity analysis with individually randomised trials showed

no difference between the RUTF and the alternative diet groups,

although the CI was wide and is compatible with a potentially

substantial benefit (RR 1.73, 95% CI 0.92 to 3.26; 3 studies, n =

1253; Chi2 = 5.7, df = 2; P = 0.06; I2 = 65%; analysis not shown).

However, in the analysis of cluster trials only, the pooled difference

in effect favoured RUTF (RR 1.3, 95% CI 1.14 to 1.48; 3 studies,

n = 599; Chi2 = 1.89, df = 2; P = 0.39; I2 = 0%; analysis not

shown).

Recovery at follow-up

Two studies measured recovery at follow-up (Bhandari 2016;

Jadhav 2016). Bhandari 2016 measured recovery (WHZ ≥ −2) at

16 weeks after the intervention ended, and Jadhav 2016 measured
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recovery (WHZ > −2) six months after the intervention period.

We found no significant difference between the RUTF and alter-

native diet groups (RR 1.10, 95% CI 0.83 to 1.46; 2 studies, n

= 970; Analysis 1.3) and detected no heterogeneity between the

studies (Chi2 = 0.75, df = 1; P = 0.39; I2 = 0%).

Relapse during intervention

Three studies defined relapse as admission to inpatient therapeu-

tic care or recurrence of oedema or systematic infections during

the study period (Manary 2004; Ciliberto 2005; Ndekha 2005).

Specifically, Manary 2004 reported results as “died or relapsed”.

We contacted the study authors who sent us the separate data for

“relapsed” and “died”. A fourth trial, Bhandari 2016, reported

hospitalisation during the treatment period, which we interpreted

to be relapse.

A meta-analysis of these four studies showed no significant dif-

ference in relapse between the RUTF and alternative diet groups

(RR 0.55, 95% CI 0.30 to 1.01; n = 1505; Analysis 1.4); however,

there was significant heterogeneity between findings across studies

(Chi2 = 8.10, df = 3; P = 0.04; I2 = 63%).

One trial, Jadhav 2016, did not set out to measure relapse, but large

losses occurred during the intervention period. Because we applied

the ITT principle, where we assumed that those who dropped out

did not receive any treatment (RUTF or the control diet), and

therefore experienced the event (relapsed), we have reported the

losses of this study here for this outcome. In the RUTF group

98/174 (56.3%) dropped out of the trial, compared with 85/147

(57.8%) in the alternative diet group.

Subgroup and sensitivity analyses

A subgroup analysis showed that when all children were hospi-

talised before the trial, the RUTF group was favoured (RR 0.34,

95% CI 0.17 to 0.66; n = 247; Analysis 1.5) and there was no

heterogeneity between studies (Chi2 = 0.17, df = 1; P = 0.68; I
2 = 0%). In contrast, in the subgroup where some children were

stabilised as inpatients prior to the trial, no significant difference

was detected (RR 0.83, 95% CI 0.53 to 1.30; n = 1258; Analysis

1.5), and there was no significant heterogeneity (Chi2 = 1.40, df

= 1; P = 0.24; I2 = 28%). However, between subgroups, despite a

slight overlap of CI, we detected significant heterogeneity (Chi2 =

4.73, df = 1; P = 0.03; I2 = 78.9%).

There were no significant differences across subgroups in analyses

of factory versus local site-produced RUTF (Chi2 = 0.94, df = 1;

P = 0.33; I2 = 0%; Analysis 1.6) and HIV status (Chi2 = 1.25, df

= 1; P = 0.26; I2 = 20.1%; Analysis 1.7).

A sensitivity analysis with Bhandari 2016, the only individually

randomised trial that was also at low risk of bias, showed no dif-

ference between the RUTF and alternative diet groups (RR 0.94,

95% CI 0.68 to 1.31; analysis not shown), which is in line with

the finding of the overall pooled effect estimate. However, a sensi-

tivity analysis of cluster trials only detected a difference in favour

of RUTF (RR 0.41, 95% CI 0.24 to 0.69; 3 studies, n = 599; Chi
2 = 0.99, df = 2; P = 0.61; I2 = 0%; analysis not shown).

Relapse at follow-up

One trial, Bhandari 2016, reported relapse during their “suste-

nance phase” (16 weeks after the end of intervention). They de-

tected no significant difference between the RUTFs and alterna-

tive diet groups (RR 0.73, 95% CI 0.32 to 1.68; n = 838; see

the illustrative forest plot in Analysis 1.8). Another trial, Ciliberto

2005, measured relapse at 6 and 12 months after the interven-

tion period, defined as WHZ less than −2 or oedema. However,

they did not report results separately for SAM children. Two stud-

ies, Manary 2004 and Ndekha 2005, also reported this outcome

six months after the intervention period; however, there were no

separate results per intervention group (see Comparison 2 for the

findings across all three study groups).

Mortality during intervention

Four studies measured mortality (Bhandari 2016; Ciliberto 2005;

Manary 2004; Ndekha 2005). We detected no difference in mor-

tality between the RUTF and alternative diet groups, with a wide

CI around the point estimate (RR 1.05, 95% CI 0.51 to 2.16; 4

studies; n = 1505; Analysis 1.9), and no significant heterogeneity

between the studies (Chi2 = 2.20; df = 3; P value = 0.53; I2 = 0%).

Another trial, Jadhav 2016, set out to measure mortality; however,

they did not report any results. We contacted the study author but

did not receive a response.

Subgroup and sensitivity analyses

There was no overall difference between subgroups based on pre-

trial hospitalisation (Chi2 = 0.35, df = 1; P 0.56; I2 = 0%; Analysis

1.10).

The sensitivity analysis with Bhandari 2016, the only individually

randomised study that was also at low risk of bias, showed no dif-

ference between the RUTF and alternative diet groups (RR 3.49,

95% CI 0.18 to 67.32; analysis not shown). Similarly, a sensitivity

analysis with cluster trials only also detected no difference between

the groups (RR 0.97, 95% CI 0.46 to 2.05; 3 studies, n = 599;

Chi2 = 1.5, df = 2; P = 0.47; I2 = 0%; analysis not shown).

Secondary outcomes

Rate of weight gain during intervention

All seven studies included in this comparison measured weight

gain, four of which we could pool in a meta-analysis.

26Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Three studies, Manary 2004, Ciliberto 2005 and Ndekha 2005,

reported weight gain measured during the first four weeks of the

intervention period (we obtained data on weight gain from the

contact author of Manary 2004). One trial, Bhandari 2016, mea-

sured the same outcome between baseline and recovery or 16 weeks

after enrolment, whichever was earlier. We found a significant dif-

ference in favour of the RUTF group (MD 1.12 g/kg/day, 95%

CI 0.27 to 1.96; 4 studies; n = 1450; Analysis 1.11), but detected

significant heterogeneity between the studies (Chi2 = 7.40; df = 3;

P = 0.06; I2 = 59%).

One trial, Jadhav 2016, reported weight gain over eight weeks of

intervention of 3.45 g/kg/day in the RUTF group and 2.38 g/kg/

day in the alternative diet group; however, the corresponding SD

were not reported and therefore we could not include the results

in the meta-analysis above.

Another trial, Shewade 2013, reported a mean weight gain of 21.5

g/kg/week (range = 3.5 to 63; n = 13) for the RUTF group and

7.89 g/kg/week (range = 0.2 to 23.8; n = 13) for the alternative

diet groups. From the linear regression results reported by the

study authors, the RUTF group resulted in an average additional

weight gain of 13 g/kg/week/child (95% CI 2 to 23), which was

statistically significant.

The final trial, Thapa 2017, reported that the RUTF group had

significantly higher weight gain (23 g/day) in comparison with the

alternative diet group (14 g/day); however, these results should be

viewed with caution as the baseline weight per group was highly

unbalanced and the time point at which this result was taken is

unclear. We could not add these results to the meta-analysis above

because they did not report the results in g/kg/day and the study

author did not respond to our communication.

Subgroup and sensitivity analyses

We attempted to determine the potential source of heterogeneity

in Analysis 1.11, by conducting a subgroup analysis of pre-trial

hospitalisation (Analysis 1.12). We found results in favour of the

RUTF group for studies where all children were stabilised in hos-

pital (MD 1.57 g/kg/day, 95% CI 0.32 to 2.82; 4 studies, n =

243), but there was significant heterogeneity between the studies

in this subgroup (Chi2 = 2.21; df = 1; P = 0.14; I2 = 55%). We also

found a statistically significant difference in favour of RUTF for

the subgroup where only some children were stabilised in hospital

pre-trial (MD 0.65 g/kg/day, 95% CI 0.16 to 1.14; n = 1207),

and detected no significant heterogeneity between these studies

(Chi2 = 0.00; df = 1; P = 0.97; I2 = 0%). We found no significant

heterogeneity between the subgroups (Chi2 = 1.80; df = 1; P =

0.18; I2 = 44.5%).

Subgroup analyses of factory versus local site-produced RUTF

(Chi2 = 0.07, df = 1; P = 0.79; I2 = 0%; Analysis 1.13) and HIV

status (Chi2 = 0.19, df = 1; P = 0.67; I2 = 0%; Analysis 1.14) also

showed no differences across subgroups (4 studies, n = 1450).

The sensitivity analysis with Bhandari 2016, the only individu-

ally randomised trial that was also at low risk of bias, showed a

difference favouring the RUTF group (MD 0.65 g/kg/day, 95%

CI 0.15 to 1.15; analysis not shown), which is in line with the

overall pooled effect estimate. Similarly, a sensitivity analysis with

the cluster trials only detected a significant difference in favour of

RUTF (MD 1.47 g/kg/day, 95% CI 0.49 to 2.45; 3 studies, n =

595; Chi2 = 2.92, df = 2; P = 0.23; I2 = 32%; analysis not shown).

Time to recovery (days) among children who recovered

Four studies measured and reported on time to recovery (Bhandari

2016; Ciliberto 2005; Manary 2004; Ndekha 2005).

One trial, Bhandari 2016, reported mean duration to treatment in

weeks, which we converted to days. Another trial, Manary 2004,

which included HIV-uninfected children, also reported time to

recovery but results were displayed only in a graph from which

we could not obtain accurate information for further analysis. We

contacted the study authors, who provided us with the necessary

information to add these data to the meta-analysis. We pooled the

results from these two studies and detected a significant difference

in favour of the RUTF group (MD−7.61 days, 95% CI−12.84 to

−2.37; n = 556; Analysis 1.15), with no significant heterogeneity

between the two studies (Chi2 = 0.03; df = 3; P = 0.87; I2 = 0%).

One trial, Ciliberto 2005, performed a time-to-event analysis to

compare the rates of reaching a WHZ more than −2 over eight

weeks, but did not report the results separately for children with

SAM.

Another trial, Ndekha 2005, measured time to recovery and re-

ported results in median days. HIV-infected children in the RUTF

group (n = 20) recovered within a median of 71 days (interquartile

range 42 to 125) compared to 85 days (interquartile range 46 to

239) in the alternative diet group (n = 45). The study authors did

not report a P value or significance for the difference in time to

recovery between these two groups.

Anthropometrical status at the end of the intervention period

and beyond

Weight-for-height z score (WHZ) during intervention

Two studies reported on this outcome (Ciliberto 2005; Shewade

2013). Ciliberto 2005 reported WHZ in end values and did not

find a significant difference between the RUTF and alternative

diet groups (MD 0.00, 95% CI −0.28 to 0.28; n = 352; Analysis

1.16). Shewade 2013 measured WHZ and used the data in linear

regression but did not report change or end values per group.
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Weight-for-height z score (WHZ) at follow-up

Two studies reported on this outcome (Bhandari 2016; Manary

2004). Bhandari 2016 reported this outcome as change at fol-

low-up 16 weeks after the end of the intervention period. In

Manary 2004, HIV-uninfected children who recovered and were

discharged from the study were followed up for six months; we

obtained end value data from the contact author. We pooled the

results of these two studies in a meta-analysis and found no sig-

nificant difference in WHZ between the RUTF and alternative

diet groups (MD 0.06, 95% −0.04 to 0.16; n = 937; Analysis

1.17) with no significant heterogeneity between the studies (Chi
2 = 0.43; df = 1; P value = 0.51; I2 = 0%).

Length/height gain during intervention

Four studies measured this outcome (Ciliberto 2005; Manary

2004; Ndekha 2005; Thapa 2017).

Ciliberto 2005 and Ndekha 2005 measured length/height gain

during the intervention period. We pooled the data from these

studies in a meta-analysis and detected no significant difference

between the RUTF and alternative diet groups (MD 0.12 mm/

day, 95% 0.00 to 0.24; n = 417; Analysis 1.18), with no significant

heterogeneity between the studies (Chi2 = 1.58; df = 1; P value =

0.21; I2 = 37%).

Thapa 2017 reported height in centimetres at the end of the eight-

week intervention period but provided no SD of change. There-

fore, we were unable to include this result in the above meta-anal-

ysis.

Manary 2004 also reported height gain (mm/day), but provided

results in a bar chart format and not as numerical data.

Height-for-age z score (HAZ) at follow-up

One trial, Bhandari 2016, reported HAZ score at 16 weeks after

the end of the intervention period. There was no significant differ-

ence between the RUTF and alternative diet groups (MD −0.02,

95% −0.09 to 0.05; n = 838; see the illustrative forest plot in

Analysis 1.19).

Mid-upper arm circumference (MUAC) gain during

intervention

Three studies measured MUAC gain during the first four weeks of

the intervention period (Manary 2004; Ciliberto 2005; Ndekha

2005). Manary 2004 reported data only in graph form and we

obtained the actual values from the contact author. We pooled

these three studies in a meta-analysis and found that children in

the RUTF group had higher MUAC gain compared to those in

the alternative diet group (MD 0.13 mm/day, 95% CI 0.04 to

0.21; n = 570; Analysis 1.20), with no significant heterogeneity

between studies (Chi2 = 2.30; df = 2; P value = 0.32; I2 = 13%).

One trial, Thapa 2017, reported MUAC at the end of the eight

weeks of intervention, but there were no SD of change so we could

not include this study in the meta-analysis.

Mid-upper arm circumference (MUAC) gain at follow-up

One trial, Bhandari 2016, reported the MUAC gain (in cm) during

their sustenance phase (16 weeks after the end of the intervention):

there was no significant difference between the RUTF and the

alternative diet groups (MD −0.04 cm, 95% CI −1.04 to 0.96,

n = 838; see the illustrative forest plot in Analysis 1.21).

Cognitive function and development

No study presented data for this outcome.

Adverse outcomes

Six studies reported on adverse outcomes (Bhandari 2016;

Ciliberto 2005; Jadhav 2016; Manary 2004; Ndekha 2005; Thapa

2017).

One trial, Bhandari 2016 reported the number of children having

diarrhoea during the treatment phase; there was no significant

difference in the frequency of diarrhoea between the RUTF and

the alternative diet groups (RR 1.00, 95% CI 0.83 to 1.20, n =

727; see the illustrative forest plot in Analysis 1.22).

Another trial, Ciliberto 2005, measured the numbers of days of

diarrhoea per group during the first two weeks of the treatment

period and found that children who received RUTF had a similar

frequency of diarrhoea as those on the alternative diet (MD −0.60

days, 95% CI −1.30 to 0.10; n = 352; see the illustrative forest

plot in Analysis 1.23).

A third trial, Jadhav 2016, set out to measure infectious episodes;

however, no results were reported. We contacted the study author

but did not receive a response.

Two studies, Ndekha 2005 and Manary 2004, measured the

“prevalence of diarrhoea”: days of diarrhoea divided by the “total

days” during the first two weeks of the treatment period. In HIV-

infected children (Ndekha 2005), the RUTF group (n = 20) had

diarrhoea on 19 out of the 304 evaluated days compared to 57

out of 687 evaluated days for children (n = 45) in the alternative

diet group. In HIV-uninfected children (Manary 2004), those in

the RUTF group (n = 67) had diarrhoea on 74/1959 days (3.8%)

compared to 74/3228 days (2.3%) in the alternative diet group (n

= 114). This outcome refers to the number of days children had

diarrhoea, and not the number of children who had diarrhoea.

Therefore, we could not adjust the data for clustering and thus

could not calculate the treatment effect from these two studies.

One trial, Thapa 2017, reported that no “adverse effects” were doc-

umented in the experimental group, while three (of 56) children
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in the control group had acute diarrhoea, which resolved without

the administration of antibiotics.

Acceptability

One trial, Thapa 2017, measured acceptance of the intervention

and found that RUTF was more acceptable than the alternative

diet (RR 1.37, 95% CI 1.13 to 1.66; n = 112; see the illustrative

forest plot in Analysis 1.24).

Although not explicitly measured as acceptability, another trial,

Shewade 2013, measured compliance in the experimental group

by asking mothers to return empty RUTF packets on a weekly

basis. The average weekly consumption of RUTF was reported as

23.4% of that expected, with the range between 1.7% and 48.4%.

Comparison 2: standard RUTF provided at a dose

that meets total daily nutritional requirements versus

as a supplement to the usual diet

Two quasi-randomised, cluster trials that used systematic se-

quence-generation methods had the following three arms:

1. standard RUTF meeting total daily nutritional

requirements;

2. a similar RUTF given supplementary to children’s usual

diet; and

3. porridge made by caregivers from a maize and soy flour

blend as control (Manary 2004; Ndekha 2005).

Below, we compare the standard RUTF (total daily requirements)

with RUTF as a supplement (213 children in total; effective sample

size = 210). Manary 2004 included only HIV-uninfected children

while Ndekha 2005 only assessed HIV-infected children.

Primary outcomes

Recovery during intervention

Both studies in this comparison measured recovery, defined as

WHZ more than 0 (Manary 2004), and 100% weight for height

(Ndekha 2005). Children who received standard RUTF were more

likely to recover than those who received it as a supplement (RR

1.41, 95% CI 1.19 to 1.68; n = 210; Analysis 2.1). There was no

significant heterogeneity between the studies (Chi2 = 0.37; df = 1;

P value = 0.54; I2 = 0%).

Subgroup analysis

Recovery was in favour of standard RUTF in both the HIV-unin-

fected (RR 1.38, 95% CI 1.15 to 1.67; 1 trial, n = 162; Manary

2004) and HIV-infected (RR 1.62, 95% CI 1.01 to 2.59; 1 trial,

n = 48; Ndekha 2005) subgroups.

Relapse during intervention

Both Manary 2004 and Ndekha 2005 measured relapse (admis-

sion to hospital) during the intervention period. Pooled results

indicated that standard RUTF significantly reduced relapse com-

pared to the supplementary group (RR 0.11, 95% CI 0.01 to 0.85;

n = 210; Analysis 2.2), with no significant heterogeneity between

the studies (Chi2 = 0.30; df = 1; P value = 0.58; I2 = 0%).

Subgroup analysis

When we separated the results into subgroups based on HIV status,

there was no significant difference in relapse detected between the

two groups in both HIV-uninfected (RR 0.07, 95% CI 0.00 to

1.10; 1 trial, n = 162; Manary 2004), and HIV-infected (RR 0.20,

95% CI 0.01 to 3.62; 1 trial, n = 48; Ndekha 2005), children.

Mortality during intervention

When comparing the standard RUTF with the RUTF supplement

group (Manary 2004; Ndekha 2005), we detected no significant

difference in mortality (RR 1.36, 95% CI 0.46 to 4.04; n = 210;

Analysis 2.3), and there was no significant heterogeneity between

the studies (Chi2 = 0.36; df = 1; P value = 0.55; I2 = 0%).

Subgroup analysis

We detected no significant difference in mortality when assessing

results for the subgroups of HIV-uninfected (RR 2.07, 95% CI

0.36 to 12.07; 1 trial, n = 162; Manary 2004) and HIV-infected

(RR 1.05, 95% CI 0.26 to 4.18; 1 trial, n = 48; Ndekha 2005)

children.

Secondary outcomes

Rate of weight gain during intervention

Both studies in this comparison measured weight gain during the

first four weeks of the intervention period (Manary 2004; Ndekha

2005). We pooled the results in a meta-analysis and found no

significant difference in weight gain between the standard RUTF

and the RUTF supplement group (MD 1.21 g/kg/day, 95% CI

−0.74 to 3.16; 2 studies, n = 206; Analysis 2.4), with substantial

heterogeneity between the studies (Chi2 = 4.26; df = 1; P value =

0.04; I2 = 76%).
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Subgroup analysis

Subgroup analysis with respect to HIV status found that HIV-un-

infected children in the standard RUTF group gained significantly

more weight compared to the RUTF supplement group (MD 2.10

g/kg/day, 95% CI 1.12 to 3.08; 1 trial, n = 158; Manary 2004);

however, for HIV-infected children, there was no significant dif-

ference in weight gain between the two groups (MD 0.10 g/kg/

day, 95% CI −1.53 to 1.73; 1 trial, n = 48; Ndekha 2005).

Time to recovery (days) during intervention

Among HIV-uninfected children who recovered, those who re-

ceived standard RUTF recovered more rapidly than children in

the RUTF supplement group (MD −10.0 days, 95% CI −19.13

to −0.87; 1 trial, n = 116; see the illustrative forest plot in

Analysis 2.5; Manary 2004). Among all HIV-infected participants

in Ndekha 2005, those in the standard RUTF group recovered

within a median of 71 days (interquartile range 42 to 125) com-

pared to the RUTF supplement group, which required a median

of 115 days (interquartile range 59 to 195; P value not reported

in the article).

Anthropometrical status

Weight-for-height z scores (WHZ) at follow-up

One trial, Manary 2004, followed up HIV-uninfected children

who recovered and were discharged from the study for six months.

We obtained the results (as end values) from the study author,

which indicated that there was no significant difference in WHZ

between children who received standard RUTF and those who

received a similar RUTF as a supplement (MD 0.10, 95% CI

−0.36 to 0.56; n = 72; Analysis 2.6).

Length/height gain during intervention

HIV-uninfected children receiving standard RUTF gained more

height than the children who received the RUTF as a supplement

(MD 0.20 mm/day, 95% CI 0.00 to 0.40; 1 trial, n = 48; see the

illustrative forest plot in Analysis 2.7; Ndekha 2005).

Manary 2004 also reported height gain (mm/day), but provided

results in a bar chart format and not as numerical data.

Mid-upper arm circumference (MUAC) gain during

intervention

We detected no significant difference in MUAC gain during the

first four weeks of the intervention period between the two in-

tervention groups (MD 0.11 mm/day, 95% CI −0.01 to 0.22; 2

studies, n = 173; Analysis 2.8; Manary 2004; Ndekha 2005), and

no significant heterogeneity between the studies (Chi2 = 1.35; df =

1; P value = 0.25; I2 = 26%). When we separated the results by HIV

status, in HIV-uninfected children, the standard RUTF group had

significantly higher MUAC gain than those in the RUTF supple-

ment group (MD 0.15 mm/day, 95% CI 0.03 to 0.27; 1 trial, n =

125; Manary 2004), while in HIV-infected children, there was no

significant difference between the intervention groups (MD 0.03

mm/day, 95% CI −0.14 to 0.20; 1 study n = 48; Ndekha 2005).

Cognitive function and development

No study presented data for this outcome.

Adverse outcomes

Both studies reported on adverse outcomes (Manary 2004;

Ndekha 2005).

In HIV-uninfected children (Manary 2004), the standard RUTF

group (n = 68) had diarrhoea on 74/1959 days (3.8%) compared

to 181/2565 days (7.1%) in the RUTF supplement group (n = 94).

This outcome refers to the number of days children had diarrhoea,

and not the number of children who had diarrhoea. Therefore,

we could not adjust the data for clustering and thus could not

calculate the treatment effect from these two studies.

In HIV-infected children, Ndekha 2005 measured the “prevalence

of diarrhoea”: days of diarrhoea divided by the “total days” during

the first two weeks of the intervention period. Study authors re-

ported that children in the standard RUTF group had diarrhoea

on 19 of the 304 evaluation days while those in the RUTF sup-

plement group had diarrhoea on 38 of the 432 days. We were

unsure about the meaning of “total days” as the figures did not

correspond to the total number of days of each participant for each

group. Since the corresponding numbers of participants were not

reported, we could not calculate a treatment effect.

Acceptability of RUTF

No study provided data on this outcome.

Comparison 3: standard RUTF versus RUTF using an

alternative formulation

Seven studies with a total of 5502 children (effective sample size =

4456) evaluated the effects of RUTF versus other types of RUTF

(Bahwere 2014; Hsieh 2015a; Irena 2015; Jones 2015; Kerac

2009; Oakley 2010; Sigh 2018). A further study that randomised

148 children also addressed this comparison but only measured

acceptability (Hsieh 2015b). All but one study randomised par-

ticipants individually; Irena 2015 was a cluster-randomised trial.
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Primary outcomes

Recovery during intervention

Six studies measured recovery in different ways: Bahwere 2014 as

weight gain of 15% or more of baseline weight; Irena 2015 as

weight gain of 18% or more of baseline weight together with the

absence of complications and MUAC more than 110 mm; Hsieh

2015a as MUAC more than 12.4 cm without oedema; Kerac 2009

as WHZ of 80% or more for two consecutive visits; and Oakley

2010 as having a WHZ more than −2 and no oedema. Jones

2015 also measured recovery but did not report the results in the

manuscript. We obtained the data and definition from the study

authors: MUAC more than 11.5 cm or WHZ more than −3 or

no oedema (depending on admission criteria) on two consecutive

visits. We pooled the data from these six studies in a meta-analysis

and found no significant difference in recovery between the two

groups who received different formulations of RUTF (RR 1.03,

95% CI 0.99 to 1.08; n = 4188; Analysis 3.1; Figure 6). We

detected no significant heterogeneity between these studies (Chi2

= 6.32; df = 5; P value = 0.28; I2 = 21%).

Figure 6. Forest plot of Comparison 3. Standard RUTF versus RUTF using an alternative formulation,

outcome: 3.1 recovery during intervention

Subgroup and sensitivity analysis

When exploring subgroups based on pre-trial hospitalisation, we

found no significant difference in recovery during the intervention

between the different types of RUTF, in each of the subgroups.

Overall, there was no difference between the subgroups (Chi2 =

1.94, df = 2; P 0.38; I2 = 0%; Analysis 3.2).

A sensitivity analysis of studies at low risk of bias (Bahwere 2014;

Jones 2015; Kerac 2009; Oakley 2010), only showed no difference

between the different types of RUTF formulations (RR 1.02, 95%

CI 0.99 to 1.06; n = 3166; Chi2 = 3.03, df = 3; P = 0.39; I2 = 1%; 4

studies; analysis not shown), which is in line with the overall pooled

effect estimate. A sensitivity analysis with individually randomised

studies (all studies for this outcome except for Irena 2015), also

showed no difference between the groups (RR 1.02, 95% CI 0.99

to 1.06; 5 studies, n = 3307; Chi2 = 3.10, df = 4; P = 0.54; I2 =

0%; analysis not shown) while a sensitivity analysis of the cluster-

randomised trial (Irena 2015), showed a difference in favour of

the standard RUTF (RR 1.14, 95% CI 1.02 to 1.28; 1 trial, n =

881; analysis not shown).

Relapse during intervention

Six studies defined relapse in different ways: Bahwere 2014 and

Irena 2015 defined relapse as being absent for three consecutive

visits and could not be traced; Hsieh 2015a and Jones 2015 as

loss to follow-up after 12 weeks; Kerac 2009 as defaulters, read-

missions to inpatient care and lost to follow-up; and Oakley 2010

as remaining wasted after two consecutive visits. We pooled these

six studies in a meta-analysis and found that the standard RUTF

significantly reduced relapse (RR 0.84, 95% CI 0.72 to 0.98; n

= 4188; Analysis 3.3), with no significant heterogeneity between
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these studies (Chi2 = 3.79; df = 5; P value = 0.58; I2 = 0%).

Subgroup and sensitivity analysis

When exploring subgroups based on pre-trial hospitalisation, we

found no significant difference in relapse during the intervention

between the different types of RUTF, in each of the subgroups.

Overall, there was no difference between the subgroups (Chi2 =

0.62, df = 2; P 0.73; I2 = 0%; Analysis 3.4).

A sensitivity analysis of studies at low risk of bias (Bahwere 2014;

Jones 2015; Kerac 2009; Oakley 2010), only showed no difference

between the different types of RUTF formulations (RR 0.86, 95%

CI 0.69 to 1.07; n = 3166; Chi2 = 1.99, df = 3; P = 0.57; I2 =

0%, 4 studies; analysis not shown), which is not in line with the

overall pooled effect estimate. A sensitivity analysis with individ-

ually randomised studies (all studies for this outcome except Irena

2015), also showed no difference between the groups (RR 0.88,

95% CI 0.71 to 1.09; 5 studies, n = 3307; Chi2 = 3.52, df = 4; P =

0.48; I2 = 0%; analysis not shown), while the cluster-randomised

trial, Irena 2015, had a similar result to the overall pooled effect

estimate (RR 0.81, 95% CI 0.66 to 1.0; 1 trial, n = 881; analysis

not shown).

Mortality during intervention

We did not find a significant difference in the number of deaths

between the standard and the other RUTFs (RR 1.00, 95% CI

0.80 to 1.24; 7 studies, n = 4309; Analysis 3.5; Bahwere 2014;

Hsieh 2015a; Irena 2015; Jones 2015; Kerac 2009; Oakley 2010;

Sigh 2018), and detected no significant heterogeneity between

studies (Chi2 = 6.60; df = 6; P value = 0.36; I2 = 9%).

Subgroup and sensitivity analysis

When exploring subgroups based on pre-trial hospitalisation, we

found no significant difference in mortality during the interven-

tion between the different types of RUTF in each of the subgroups.

Overall, there was no difference between the subgroups (Chi2 =

1.16, df = 2; P 0.56; I2 = 0%; Analysis 3.6).

A sensitivity analysis of studies at low risk of bias (Bahwere 2014;

Jones 2015; Kerac 2009; Oakley 2010), only showed no differ-

ence between the different types of RUTF formulations (RR 1.03,

95% CI 0.82 to 1.28; n = 3166; Chi2 = 2.95, df = 3; P = 0.4; I
2 = 0%; 4 studies; analysis not shown), which is in line with the

overall pooled effect estimate. A sensitivity analysis with individ-

ually randomised studies (all studies for this outcome except Irena

2015), also showed no difference between the groups (RR 1.02,

95% CI 0.73 to 1.43; 6 studies, n = 3428; Chi2 = 6.06, df = 5;

P = 0.3; I2 = 18%; analysis not shown) and we obtained a similar

result for Irena 2015, the cluster-randomised trial (RR 0.91, 95%

CI 0.64 to 1.28; 1 trial, n = 881; analysis not shown).

Secondary outcomes

Rate of weight gain during intervention

Six studies measured weight gain (g/kg/day) (Bahwere 2014;

Hsieh 2015a; Irena 2015; Kerac 2009; Oakley 2010; Sigh 2018).

Bahwere 2014 did not report SD, but we obtained them from the

study authors. There was no significant difference between the dif-

ferent RUTF groups (MD 0.11 g/kg/day, 95% CI −0.32 to 0.54;

n = 3807; Analysis 3.7), with significant heterogeneity between

the studies (Chi2 = 19.17; df = 5; P value = 0.002; I2 = 74%).

Subgroup and sensitivity analysis

We found no significant difference in rate of weight gain during

the intervention between the different types of RUTF, in each

of the subgroups, and no significant difference across pre-trial

hospitalisation subgroups (Chi2 = 1.48; df = 2; P value = 0.48; I2 =

0%; Analysis 3.8), where all children were stabilised as inpatients

pre-trial, where some children were hospitalised before the trial,

and no children were hospitalised pre-trial.

When performing subgroup analyses for different types of RUTFs,

we found significant differences across subgroups (Chi2 = 5.63;

df = 2; P value = 0.06; I2 = 64.5%), but did not find a difference

in favour of standard or other formulations of RUTF combined

(Analysis 3.9).

1. Less or no milk powder subgroup: MD 0.34 (95% CI

−0.10 to 0.78; 4 studies, n = 3015), with significant

heterogeneity (Chi2 = 9.91; df = 3; P value = 0.002; I2 = 70%)

2. Fatty acids subgroup: MD −0.80 (95% CI −1.74 to 0.14;

1 trial, n = 141; Hsieh 2015a)

3. Pre- and probiotic subgroup: MD −0.25 (95% CI −0.87

to 0.37; 1 trial, n = 651; Kerac 2009).

Data did not allow us to perform a subgroup analysis by HIV

status because the only study (Kerac 2009), in this comparison,

that performed HIV tests on almost all participant children, did

not report the results separately for HIV-infected and uninfected

children in the subgroup of the study eligible to our review (partic-

ipants aged 6 to 60 months, see table of Characteristics of included

studies for more information on Kerac 2009), for this outcome.

A sensitivity analysis with studies at low risk of bias only (Bahwere

2014; Kerac 2009; Oakley 2010), showed no difference between

the different types of RUTF formulations (MD 0.09, 95% CI

−0.48 to 0.65; n = 3100; Chi2 = 7.32, df = 2; P = 0.03; I2 = 73%; 3

studies; analysis not shown), which is in line with the overall pooled

effect estimate. A sensitivity analysis with individually randomised

trials (all studies for this outcome except Irena 2015), also showed

no difference between the groups (MD −0.05, 95% CI −0.5 to

0.4; 5 studies, n = 3316; Chi2 = 13.91, df = 4; P = 0.008; I2

= 71%; analysis not shown), while the cluster-randomised trial

(Irena 2015), found a difference in favour of the standard RUTF
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(MD 1.00, 95% CI 0.37 to 1.63; 1 trial, n = 491; analysis not

shown).

Time to recovery (days) during intervention

Three studies, Bahwere 2014, Irena 2015 and Kerac 2009, mea-

sured this outcome in all children, with Irena 2015 also reporting

results for the subgroup of children who recovered.

Bahwere 2014 measured time to recovery in days, in all children,

during the 16 weeks of intervention. Using the information pro-

vided in the trial, we calculated the effect size and found no signif-

icant difference between the two RUTF groups (MD 1.90 days,

95% CI −0.82 to 4.62; n = 595; Analysis 3.10).

Irena 2015 reported a length of stay of 35 days (interquartile range

23 to 49) in the standard RUTF group compared to 35 days

(interquartile range 21 to 56) in the other RUTF group, with no

significant difference between the groups (P = 0.49). Among the

children who recovered, the median length of stay in the standard

RUTF group was 35 days (interquartile range 28 to 52) and 47

days (interquartile range 29 to 70) in the RUTF with specific fatty

acids group (P value < 0.001; exact P value not reported).

Kerac 2009 reported median days to cure in the eligible subgroup

(n = 651) and found no difference (P = 0.66) between the standard

RUTF group (median = 38 days; interquartile range 34 to 47) and

the RUTF with fatty acids group (median = 37 days; interquartile

range 34 to 48).

Anthropometrical status

Weight-for-height z score (WHZ) during intervention

Two studies measured WHZ scores after eight weeks of inter-

vention (Oakley 2010; Sigh 2018), while one trial, Hsieh 2015a,

measured the same outcome after 12 weeks of intervention. After

pooling the results in a meta-analysis, we found no significant dif-

ference between the groups (MD −0.13, 95% CI -0.36 to 0.09; 3

studies, n = 2090; Analysis 3.11), but there was significant hetero-

geneity between the studies (Chi2 = 5.48; df = 2; P value = 0.06;

I2 = 63%).

Another trial, Jones 2015, also measured this outcome and we

obtained the change in WHZ score after 12 weeks of interven-

tion from the study authors. The median change in the standard

RUTF group (n = 17) was 1.68 (interquartile range 1.17 to 2.73)

compared to 1.80 (interquartile range 1.24 to 2.78) in the control

RUTF containing specific fatty acids (n = 12).

Subgroup analysis

In a subgroup analysis, we found no difference between the group

in which some children were hospitalised before the study for sta-

bilisation versus the group in which no children were hospitalised

before the study for stabilisation (Chi2 = 0.05; df = 1; P value =

0.83; I2 = 0%; 3 studies, n = 2090; Analysis 3.12). However, in an-

other subgroup analysis, we detected a significant difference (Chi2

= 4.67; df = 1; P value = 0.03; I2 = 78.6%; Analysis 3.13), between

studies where the control RUTF had less or no milk powder (MD

−0.02, 95% CI −0.11 to 0.08; 2 studies, n = 1949; Chi2 = 0.81;

df = 1; P value = 0.37; I2 = 0%; Oakley 2010; Sigh 2018), versus

studies where the control RUTF was a standard formulation with

specific fatty acids (MD −0.45, 95% CI −0.83 to −0.07; 1 trial,

n = 141; Hsieh 2015a).

Weight-for-age z score (WAZ) during intervention

Two studies, Oakley 2010 and Sigh 2018, measured WAZ and

reported it as end values at the end of eight weeks of intervention.

We combined the data from both studies in a meta-analysis and

found no significant difference between the standard and other

RUTF groups (MD 0.07, 95% CI −0.06 to 0.20; n = 1949), with

no significant heterogeneity between the studies (Chi2 = 1.13; df

= 1; P value = 0.29; I2 = 12%; Analysis 3.14).

Length/height gain (mm/day) during intervention

Two studies measured length/height gain across eight weeks of in-

tervention (Oakley 2010; Sigh 2018 ), while one study measured

the same outcome over 12 weeks of intervention (Hsieh 2015a).

After pooling the results in a meta-analysis, we found no signifi-

cant difference between the groups (MD 0.01, 95% CI −0.09 to

0.10; 3 studies, n = 2090; Analysis 3.15), but there was significant

heterogeneity (Chi2 = 4.85; df = 2; P value = 0.09; I2 = 59%).

Subgroup analysis

We found no significant difference between subgroups in which

either some or no children were hospitalised before the study for

stabilisation (Chi2 = 0.54; df = 1; P value = 0.46; I2 = 0%; 3

studies, n = 2090; Analysis 3.16). However, we detected a signifi-

cant difference (Chi2 = 4.69; df = 1; P value = 0.03; I2 = 78.7%;

Analysis 3.17) between studies where the control RUTF had less

or no milk powder (MD 0.04, 95% CI 0.02 to 0.06; 2 studies,

n = 1949; Chi2 = 0.16; df = 1; P value = 0.69; I2 = 0%; Oakley

2010; Sigh 2018) versus studies where the control RUTF was a

standard formulation with specific fatty acids (MD −0.09, 95%

CI −0.21 to 0.03; 1 trial, n = 141; Hsieh 2015a).

Height-for-age z score (HAZ) during intervention

When comparing the end values after eight weeks of intervention

between standard RUTF and RUTFs with less (Oakley 2010), or

no (Sigh 2018), milk powder, we detected no significant difference
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in HAZ (MD 0.09, 95% CI −0.04 to 0.22; n = 1949; Analysis

3.18), with no significant heterogeneity (Chi2 = 0.14; df = 1; P

value = 0.71; I2 = 0%).

Another trial, Jones 2015, also measured this outcome and we

obtained the change in length/height for age after 12 weeks of

intervention from the study authors. The median change in the

standard RUTF group (n = 18) was 0.18 cm (interquartile range

−0.38 to 0.47) compared to 0.34 cm (interquartile range 0.04 to

0.49) in the control RUTF containing specific fatty acids (n = 12).

Mid-upper arm circumference (MUAC) gain during

intervention

Two studies measured MUAC gain in mm/day after eight weeks of

intervention (Oakley 2010; Sigh 2018), while one study measured

the same outcome after four weeks of intervention (Hsieh 2015a).

After pooling the results in a meta-analysis, we found no signifi-

cant difference between the groups (MD 0.02, 95% CI −0.02 to

0.07; 3 studies, n = 2089; Analysis 3.19), and there was significant

heterogeneity (Chi2 = 4.67; df = 2; P value = 0.10; I2 = 57%).

For one trial, Jones 2015, we obtained data for the change in mm/

day after 12 weeks of intervention from the study authors. The

median change in the standard RUTF group (n = 18) was 0.022

mm/day (interquartile range 0.02 to 0.04) compared to 0.029

mm/day (0.02 to 0.02) in the control RUTF with specific fatty

acids (n = 12).

Subgroup analysis

In a subgroup analysis, we found no significant difference between

subgroups in which either some or no children were hospitalised

before the study for stabilisation (Chi2 = 0.53; df = 1; P value =

0.47; I2 = 0%; 3 studies, n = 2089; Analysis 3.20). However, we

detected a significant difference (Chi2 = 4.67; df = 1; P value =

0.03; I2 = 78.6%; Analysis 3.21) between studies where the control

RUTF had less or no milk powder (MD 0.04, 95% CI 0.02 to

0.06; 2 studies, n = 1948; Chi2 = 0.00; df = 1; P value = 1.00; I2

= 0%; Oakley 2010; Sigh 2018) versus studies where the control

RUTF was a standard formulation but containing specific fatty

acids (MD −0.07, 95% CI −0.17 to 0.03; 1 trial, n = 141; Hsieh

2015a).

Cognitive function and development

No study provided data for this outcome.

Adverse outcomes

Four studies reported adverse outcomes (Bahwere 2014; Hsieh

2015b; Jones 2015; Oakley 2010).

Bahwere 2014 reported no significant difference in the propor-

tion of children with a history of diarrhoea during the first weekly

follow-up visit (RR 0.80, 95% CI 0.55 to 1.15, n = 549; Analysis

3.22). The overall incidence rate of diarrhoea at the end of the

intervention period was similar between groups (P = 0.478): stan-

dard RUTF = 11.8 episodes per 100 child visits (range = 142 to

1198); and other RUTF group = 11.5 episodes per 100 child visits

(range 146 to 1270).

Hsieh 2015a reported finding no “adverse reactions” to any of the

study foods, while Jones 2015 reported that no “adverse events”

were considered to be directly related to the RUTFs and found

no significant difference in total illness episodes (P = 0.27) or

diarrhoea (P = 0.75) between the experimental and control groups.

Oakley 2010 asked caregivers at every fortnightly visit whether the

child had had diarrhoea in the previous two weeks, but did not

report the results.

Acceptability

Five studies reported on acceptability (Bahwere 2014; Hsieh

2015b; Irena 2015; Jones 2015; Sigh 2018).

Hsieh 2015b only measured acceptability as an outcome; it is re-

ported in the same article as Hsieh 2015a. They found no sig-

nificant difference in the proportion of children giving the high-

est RUTF likeability score between the standard RUTF and the

RUTF with omega-3 fatty acids groups (RR 1.08, 95% CI 0.94

to 1.26, n = 148; Analysis 3.23). However, significantly less food

remained after the taste test among the standard RUTF compared

to the omega-3 RUTF groups (MD −2.40 g, 95% CI −4.50 to

−0.30; n = 148; Analysis 3.24; Hsieh 2015b).

Sigh 2018 used a five-point hedonic rating scale to rate how many

participants (according to the caregivers) liked or disliked their

allocated RUTF. A score of 1 indicated that the child liked the

product very much (’very good’); 2 indicated ’good’; 3 indicated

’neutral’; 4 indicated ’bad’; and 5 indicated ’very bad’. Acceptabil-

ity was seen as having a score of 1, 2 or 3. The median score on

this scale was 2.0 (interquartile range 2.00 to 3.00) for the stan-

dard RUTF and 2.0 (interquartile range 2.0 to 4.0) for the fish-

based RUTF. At the first two-weekly visit, the study authors found

standard RUTF to be more acceptable than the fish-based RUTF

(RR 1.29, 95% CI 1.04 to 1.60; n = 78; Analysis 3.25). How-

ever, for the following three, two-weekly visits during the eight-

week treatment period, they detected no difference in likeability

between the standard and fish-based RUTF groups.

Jones 2015 (n = 20), measured acceptability as compliance by in-

terview of caregivers and counting full and empty sachets of RUTF

at each visit. They reported that the median compliance at the

end of the intervention period (day 84) was 90% (interquartile

range 80 to 101) in the standard RUTF group compared to 96%

(interquartile range 67 to 100) in the group where the RUTF had

specific fatty acids (P = 0.98). Sigh 2018 also measured compliance

based on “counts of returned RUTF packages” and estimated that

51.7% of participants in the standard RUTF group, compared to

48.1% participants in the fish-based RUTF group, utilised their

RUTF. We could not calculate an effect size here because the sam-

ple size per group for this outcome was not reported, and the pri-
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mary study authors adjusted this finding for age and gender.

In Bahwere 2014 and Irena 2015, caregivers were asked at each

visit about the acceptability of the standard RUTF compared to

formulations with less or no milk powder; however, the results

were not reported.

A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

Standard ready- to-use therapeutic food (RUTF) provided at a dose that meets total daily nutritional requirements versus as a supplement to the usual diet

Patient or population: children aged 6 months-5 years with SAM (1 study included HIV-uninfected children; 1 study included HIV-infected children), all of whom had been

stabilised as inpat ients pre-trial.

Setting: both studies conducted in Malawi, with rehabilitat ion at home

Experimental intervention: standard RUTF formulat ion, produced in a factory, and meeting total daily nutrit ional requirements

Control intervention: a sim ilar RUTF to that used as the experimental intervent ion, but given as a supplement to the usual diet

Intervention duration: 16 weeks in 1 study; undef ined durat ion in 1 study

Outcomes Anticipated absolute effects∗ (95% CI) Relative effect

(95% CI)

of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with RUTF supple-

ment

Risk with stan-

dard RUTF formulation

meeting total daily re-

quirements

Recovery during inter-

vention

def ined as WHZ > 0 in 1

study; 100% weight for

height in 1 study

Study population RR 1.41

(1.19 to 1.68)

210

(2 RCTs)

⊕⊕©©

Lowa,b

Children may be more

likely to recover on

standard RUTF in

amounts meeting total

daily nutrit ional require-

ments

582 per 1000 821 per 1000

(693 to 978)

Relapse during inter-

vention

def ined as admission

to inpat ient therapeu-

t ic care or recurrence

of oedema or system-

at ic infect ions during

Study population RR 0.11

(0.01 to 0.85)

210

(2 RCTs)

⊕⊕©©

Lowa,b

Standard RUTFmeeting

total daily nutrit ional

requirements may de-

crease relapse
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the study period, and

dropouts during inter-

vent ion period
107 per 1000 12 per 1000

(1 to 91)

Mortality during inter-

vention

Study population RR 1.36

(0.46 to 4.04)

210

(2 RCTs)

⊕©©©

Very lowa,b,c

We are uncertain

whether standard RUTF

meeting total daily nu-

trit ional requirements

decreases mortality

49 per 1000 67 per 1000

(23 to 199)

Rate of weight gain (g/

kg/day) during inter-

vention

def ined as change be-

tween baseline and

week 4 of the interven-

t ion period

Themean rate of weight

gain during intervent ion

in the control groups

was 3.05 g/kg/day

Themean rate of weight

gain during interven-

t ion in the interven-

t ion groups was, on av-

erage, 1.21 g/kg/day

higher (0.74 lower to 3.

16 higher)

- 206

(2 RCTs)

⊕©©©

Very lowa,c,d,e

We are uncertain

whether standard RUTF

meeting total daily nu-

trit ional requirements

increases the rate of

weight gain

*The risk in the intervention group (and its 95%CI) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95%CI).

CI: conf idence interval; RCT: randomised controlled trial; RR: risk rat io; RUTF: ready-to-use therapeut ic food; SAM: severe acute malnutrit ion; WHZ: weight-for-age z score

GRADE Working Group grades of evidence

High quality: f urther research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: f urther research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: f urther research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: we are very uncertain about the est imate.

aDowngraded by one level for risk of bias: high risk of select ion and attrit ion bias.
bDowngraded by one level for indirectness: the two studies were conducted in the same country.
cDowngraded by one level for imprecision: 95% CI includes both an important benef it and harm.
dDowngraded by one level for imprecision: 95% CI includes both an important benef it and harm, and the total sample size is

smaller than the opt imal information size.
eDowngraded by one level for inconsistency: I2 stat ist ic more than 50%; subgrouped for HIV-status as one study included only

HIV-uninfected children (RR 2.1, 95% CI 1.12 to 3.08) and the other study included only HIV-infected children (RR 0.1, 95% CI

−1.53 to 3.16).
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Standard ready- to-use therapeutic food (RUTF) versus RUTF using an alternative formulation

Patient or population: children aged 6 months-5 years with SAM (and mixed HIV comorbidity), some of whom had been stabilised as inpat ients pre-trial

Setting: 4 studies conducted in Malawi, 1 in Zambia, 1 in Kenya and 1 in Cambodia; although in 2 studies, some or all children started rehabilitat ion in hospital and much of

the rehabilitat ion phase across all studies occurred at home

Experimental intervention: standard RUTF formulat ions, produced either in a factory or local site kitchens, and meeting total daily nutrit ional requirements

Control intervention: RUTF with alternat ive ingredients, produced in a factory

Intervention duration: 8-16 weeks across studies

Outcomes Anticipated absolute effects∗ (95% CI) Relative effect

(95% CI)

of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with RUTF with al-

ternative ingredients

Risk with RUTF with

standard ingredients

(peanut- and milk-

based)

Recovery during inter-

vention

def ined as weight gain

≥ 15% in relat ion to

baseline weight, ab-

sence of complicat ions

and oedema,and MUAC

> 110 mm in 2 studies;

MUAC > 12.4 cm with-

out oedema in 1 study;

WHZ ≥ 80% for two

consecut ive visits in 1

study;WHZ >−2 and no

oedema in 1 study; and

not def ined in 1 study

Study population RR 1.03

(0.99 to 1.08)

4188

(6 RCTs)

⊕⊕⊕⊕

High

Makes lit t le or no dif fer-

ence whether standard

or alternat ive recipe for-

mulat ion RUTF is used

for recovery

717 per 1000 738 per 1000

(710 to 774)

Relapse during inter-

vention

def ined as admission

to inpat ient therapeu-

Study population RR 0.84

(0.72 to 0.98)

4188

(6 RCTs)

⊕⊕⊕⊕

High

Standard, factory-pro-

duced RUTFmeeting to-

tal daily nutrit ional re-

quirements decreases3
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t ic care, remain wasted,

and dropouts during in-

tervent ion period

relapse slight ly

137 per 1000 115 per 1000

(99 to 135)

Mortality during inter-

vention

Study population RR 1.00

(0.80 to 1.24)

4309

(7 RCTs)

⊕⊕⊕©

Moderatea
It probably makes lit t le

or no dif ference to mor-

tality whether standard

or alternat ive recipe for-

mulat ion RUTF is used

85 per 1000 85 per 1000

(68 to 106)

Rate of weight gain (g/

kg/day) during inter-

vention

def ined as change over

f irst 4, 8, 10, 16

weeks of the interven-

t ion period in 4 stud-

ies; change unt il end

of intervent ion period

(no maximum number

of weeks applied) in

1 study; and regres-

sion analysis with ad-

justment over the ent ire

study in 1 study

Themean rate of weight

gain during intervent ion

in the control groups

was 2.6 g/kg/day

Themean rate of weight

gain during interven-

t ion in the interven-

t ion groups was, on av-

erage, 0.11 g/kg/day

higher

(0.32 lower to 0.54

higher)

- 3807

(6 RCTs)

⊕⊕©©

Lowa,b

It may make lit t le or

no dif ference in the

rate of weight gain

whether standard or al-

ternat ive recipe formu-

lat ion RUTF is used

*The risk in the intervention group (and its 95%CI) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95%CI).

CI: conf idence interval; MUAC: mid-upper arm circumference; RCT: randomised controlled trial; RR: risk rat io; RUTF: ready-to-use therapeut ic food; SAM: severe acute

malnutrit ion; WHZ: weight-for-age z score

GRADE Working Group grades of evidence

High quality: f urther research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: f urther research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: f urther research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.
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Very low quality: we are very uncertain about the est imate.

aDowngraded by one level for imprecision: the 95%CI includes both an important benef it and harm.
bDowngraded by one level for inconsistency: I2 stat ist ic more than 50%.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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D I S C U S S I O N

Summary of main results

Our review aimed to assess the effects of home-based nutritional

rehabilitation with RUTF on recovery, relapse, mortality and rate

of weight gain in children aged six months to five years with SAM.

We found 15 eligible studies, 14 of which contributed to meta-

analyses, and four of which were cluster trials. We addressed three

comparisons with a total effective sample size of 6630 children.

We judged the overall risk of bias to be high for six studies, unclear

for three studies, and low for six studies.

Based on the pooled data from seven studies comparing a standard

RUTF at a dosage to meet total daily nutritional requirements with

an alternative dietary approach, we conclude that RUTF probably

improves recovery from SAM and may increase the rate of weight

gain slightly. However, the effects on relapse and mortality are

uncertain.

Evidence from two cluster trials indicate that a standard RUTF

meeting total daily nutritional requirements, compared with a sim-

ilar RUTF used as a supplement only, may improve recovery and

reduce relapse but its effects on mortality and rate of weight gain

are currently unclear.

We found eight studies that compared standard RUTF with

RUTFs with alternative formulations (such as using locally avail-

able ingredients, containing less or no milk powder, containing

specific fatty acids, or with added pre- and probiotics), of which

only one focused on RUTF acceptability. For recovery from SAM,

it appears to make little or no difference what formulation of

RUTF is used. In the case of relapse, however, a standard RUTF

seems somewhat more effective. For the outcomes of mortality

and rate of weight gain, it probably makes little or no difference

whether a standard or alternative formulation of RUTF is used.

Overall completeness and applicability of
evidence

The studies included in this review have a number of limitations

in respect of external validity. We sought to evaluate the best evi-

dence regarding the effects of RUTF as home-based treatment for

children with SAM. A challenge in this was the completeness of

reporting, which we feel ranged from poor to moderate reporting.

We were able to obtain some supplementary data from the study

authors but a number of important information gaps remain. Par-

ticularly, it was not always clear whether study participants had

been stabilised in hospital prior to home-based rehabilitation with

RUTF (complicated SAM), and whether this was similar across

intervention arms. We conducted a subgroup analysis to explore

the influence of this factor on the main outcomes across our three

comparisons, but this only explained the heterogeneity for the out-

come of relapse in Comparison 1. It is plausible that children who

first presented with complicated SAM, even though stabilised in

hospital, may be more likely to relapse during the rehabilitation

phase. However, the current evidence base does not allow for firm

conclusions regarding this issue.

Among the included studies, there is a lack of consistent (routine)

testing for HIV and tuberculosis, and reporting on other comor-

bidities, with appropriate stratification and analysis according to

infection status. These comorbidities may have considerable im-

pact on growth, immunity and risk of death, and affected children

with these comorbidities may respond differently to SAM treat-

ment (Heikens 2008; Jones 2014; Mody 2014; Trehan 2015).

The included studies assessed a wide age range of children with

SAM, but data did not allow for exploration of possible differ-

ences in effects across age groups. There is also a lack of informa-

tion regarding the likelihood of sharing RUTF and control diets

with the family, and whether the extent of such sharing differed

between comparison groups. In addition, the issue of allergies was

not sufficiently addressed. In most studies, children were exposed

to peanuts or soy, which are known allergens in children, but few

studies reported testing for food allergies.

One of the theoretical benefits of RUTF is its low water availability

(and therefore lower risk of contamination with microorganisms),

which should lead to fewer episodes of diarrhoea. However, not all

studies reported on diarrhoea, despite it being one of the biggest

causes of mortality in young children. Furthermore, where studies

did report on diarrhoea they measured it in different ways, so that

we mostly could not pool data across studies.

With the introduction of the WHO Child Growth Standards in

2006 (WHO 2006), and the change in cut-off for MUAC from

110 mm to 115 mm (Table 1), some children who would have

been classified previously as having MAM were classified as SAM

(Collins 2006a; Kerac 2009; Seal 2007; WHO/UNICEF 2009).

Therefore, studies that were carried out before 2006 (Ciliberto

2005; Manary 2004; Ndekha 2005), or that used older defini-

tions for SAM (Bahwere 2014; Irena 2015; Kerac 2009), or that

deviated from the standard WHO definition for SAM (Sigh 2018

used WHZ of −2.8 or less instead of less than −3), included a

somewhat different profile of participants than studies using the

latest (formal) criteria. Furthermore, and also in the earlier studies,

antiretroviral drugs for HIV were not readily available in LMICs,

and the lack thereof could have influenced HIV-infected children’s

response to treatment for SAM.

We needed to take into account the type of control group against

which standard RUTF was compared. Specifically, for Compar-

ison 3 where different RUTF formulations were compared, we

found substantial statistical heterogeneity for the rate of weight

gain. Exploration of this heterogeneity by subgroup analysis for

the type of control RUTF (studies with less or no milk powder;

studies with standard formulation but containing omega-3 fatty

acids; studies with standard formulation but with added pre- and

probiotics) seems to have accounted for the differences in effects.

However, this must be viewed with caution given that data for two

of the subgroups were derived from only one trial. In Compari-

40Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



son 1, the control groups - being locally available and culturally

acceptable foods - differed across studies and could not be sub-

grouped. However, this resembles ’real life’ situations and adds to

the generalisability of the findings.

Studies varied in the definition of the main outcome of recovery,

and in the duration of the intervention, which could have had

an impact on almost all of the review’s outcomes. Among the 12

included studies that reported on recovery, only five used the an-

ticipated definition of having a WHZ score of −2 or above (or

a similar ≥ 80% weight for height of the National Center for

Health Statistics (NCHS) reference population (Hamil 1979));

two studies used 100% weight for height (NCHS reference pop-

ulation); and the other studies used either weight gain percentage

from baseline (≥ 15%, ≥ 18%) or MUAC (> 11 cm, > 11.5 cm, >

12.4 cm). Even though we did not detect substantial heterogene-

ity in the meta-analyses for recovery (Analysis 1.1; Analysis 2.1;

Analysis 3.1), it is possible that the different cut-offs for recovery

influenced the findings.

The probability of a positive outcome for the review’s primary

outcomes is likely to be higher with a longer intervention period.

On the other hand, for the outcome of rate of weight gain (g/

kg/day) where the steepest increase occurs in the first weeks of

the rehabilitation phase, studies where weight gain was assessed

after four weeks of intervention were more likely to yield better

results than those where average weight gain was measured over

16 weeks of intervention. We could not determine the potential

long-term effects of RUTF on growth and development as studies

generally did not follow up all participants after the end of the

intervention period, and no study assessed cognitive function and

development, which is important for future school performance.

In summary, the current body of evidence for the three compar-

isons addressed in this review is insufficient to allow evaluation of

applicability of the current findings to children with SAM across

different ages and levels of severity of SAM, with and without

comorbidity. New research (potentially including the 11 ongoing

studies identified in this review) might also influence the findings

in future review updates.

Quality of the evidence

We identified selection bias, attrition bias and reporting bias in

the included studies as concerns in the majority of the studies.

Although we performed sensitivity analyses for the four most im-

portant outcomes (Comparisons 1 and 3; data did not allow this

for Comparison 2), the interpretation of these are limited due to

a relatively small number of studies per comparison and outcome.

Using low risk of bias as a marker, the findings of the sensitivity

analyses were in line with that of the main analysis for all out-

comes, except for relapse in Comparison 3.

For the outcomes of recovery and relapse, a comparison of find-

ings from individually randomised trials with that of cluster-ran-

domised trials showed no difference between the groups for the

individually randomised trials, while the cluster trials found a dif-

ference in favour of standard RUTF. For mortality, findings from

both types of studies showed no difference between groups, while

for rate of weight gain in Comparison 1 the findings from both

types of studies favoured RUTF. In Comparison 3, the findings

from individually randomised trials showed no difference between

groups, whereas the findings from the cluster trials favoured RUTF.

Another issue, in terms of the outcomes evaluated, is that while

we wanted to report on change from baseline for all continuous

outcomes, this was not always possible due to a lack of required

information (for example, values at baseline and SD of change).

In such cases, we assessed the difference in outcomes between

comparison groups at the end of the intervention period. This

approach, however, was not ideal given that studies were generally

small and many were at high or unclear risk of selection bias.

In our GRADE assessments (Summary of findings for the main

comparison; Summary of findings 2; Summary of findings 3), we

judged the quality of the evidence for the majority of outcomes

(eight) to be very low or low. We judged the quality of the evidence

to be moderate for two outcomes and high for two outcomes. Our

reasons for downgrading the quality of the evidence varied be-

tween comparisons; for Comparisons 1 and 2 we downgraded for

risk of bias, indirectness, inconsistency and imprecision; while for

Comparison 3 we downgraded for inconsistency and imprecision.

The results of our subgroup analyses should be interpreted with

caution, as they were based on a smaller number of studies. Also,

our main subgroup analysis on pre-trial hospitalisation was not

decided a priori. The results of our sensitivity analyses should also

be interpreted with caution, as they are likely underpowered to

detect differences between experimental and control interventions.

This might also be the reason why the effect of the intervention

was not statistically significant in some cases.

Potential biases in the review process

It is unlikely that we have missed any relevant studies since, aside

from our electronic searches without any language restriction, we

also screened reference lists of included studies and relevant reviews

and contacted the corresponding authors of included and ongoing

studies (and some of the excluded studies) as well as professionals

working in the field.

In our 2013 review (Schoonees 2013), there were two ongoing

studies with the same contact author from whom we could not

obtain information on study completion or a (published or un-

published) manuscript. The author of another study did not pro-

vide us with the manuscript after having indicated an intention

to do so. Furthermore, not all studies measured or reported data

on recovery, relapse, mortality or rate of weight gain that could

be included in a meta-analysis. This was especially problematic in

Comparison 1 where, although six of seven studies provided data

for the meta-analysis on recovery, we were able to pool data for

relapse, mortality and rate of weight gain from only four studies.
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Regarding Comparison 3, six of eight studies provided data for

the meta-analysis for recovery, relapse and rate of weight gain, and

seven for mortality. In Comparison 2, both studies provided data

on all four main outcomes for meta-analysis.

We were unable to assess the likelihood of publication bias for-

mally, due to having less than 10 included studies per comparison.

None of the review authors have any links to companies that man-

ufacture or sell RUTF; one author is a paediatrician who provides

care to patients with SAM.

Agreements and disagreements with other
studies or reviews

To our knowledge, the 2013 version of this review (Schoonees

2013), which included four studies - all conducted in Malawi,

was the first systematic review that specifically investigated home-

based RUTF for the treatment of children with SAM. For Com-

parison 1, we found that RUTF may improve recovery (RR 1.33,

95% CI 1.16 to 1.54; moderate-quality evidence) and increase the

rate of weight gain slightly (MD 1.12 g/kg/day, 95% CI 0.27 to

1.96; low-quality evidence), but the effects on relapse and mor-

tality are unclear (both very low-quality evidence). This is in line

with the findings of this update, except that we also found that

standard RUTF may increase the rate of weight gain. In this cur-

rent review, we did not find any additional studies for Comparison

2, and thus the conclusions did not change. For Comparison 3

in the 2013 review (Schoonees 2013), there was only one eligible

trial, which compared RUTF containing 10% milk powder to a

standard formulation containing 25% milk powder. There was

probably little or no difference between the groups for recovery

(RR 0.97, 95% CI 0.93 to 1.01; moderate-quality evidence), but

RUTF containing less milk powder may have led to slightly more

children relapsing (RR 1.33, 95% CI 1.03 to 1.72; low-quality

evidence) and to a lower rate of weight gain (MD −0.5 g/kg/day,

95% CI −0.75 to −0.25; low-quality evidence) than standard

RUTF with 25% milk powder. In terms of recovery, this finding

is similar to the finding in this update, which shows that it makes

little or no difference whether standard or alternative formulation

RUTF is used (high-quality evidence). However, in line with the

findings of the 2013 review (Schoonees 2013), standard RUTF

decreases relapse (RR 0.84, 95% CI 0.72 to 0.98; high-quality

evidence). For mortality (RR 1.00, 95% CI 0.8 to 1.24; moder-

ate-quality evidence) and rate of weight gain (MD 0.11 g/kg/day,

95% CI −0.32 to 0.54; low-quality evidence) it may make little

or no difference what formulation for RUTF is used.

Gera 2010 assessed the “efficacy and safety of home-based man-

agement of SAM using ’therapeutic nutrition products’ or ready

to use therapeutic foods and efficacy of these products in compar-

ison with F-100 and home-based diet” and included two reviews,

seven “controlled trials”, seven cohort studies and two consensus

statements. The outcomes assessed were recovery rate (as defined

by the study authors), weight gain (g/kg/day), relapse, mortality

and morbidities (for example, diarrhoea, malaria and respiratory

infections). Of the seven “controlled trials”, we have included two

in our review (Ciliberto 2005; Manary 2004). We did not include

the remaining five studies because one was facility-based (Diop

2003), three did not have an eligible control group (Diop 2004;

Gabouland 2007; Sandige 2004), and one study included Spir-

ulina® and not RUTF (Simpore 2006). Gera 2010 did not per-

form a meta-analysis of studies on any of the comparisons that

we evaluated in our review, but pooled four cohort studies that

assessed the effect of home-based RUTF on weight gain in SAM

children and found a “mean weight gain” of 3.2 g/kg/day (95%

CI 3.06 to 3.34; I2 = 89.8%) (software used and type of effects

model not reported). In this update, we too found that children

who received standard RUTF, as opposed to alternative dietary

approaches, gained more weight; however, the effect was smaller

(MD 1.12 g/kg/day, 95% CI 0.27 to 1.96; random-effects analy-

sis, heterogeneity Chi2 = 7.40; df = 3; P = 0.06; I2 = 59%; Analysis

1.11).

Guidelines by Ashworth and colleagues categorised weight gain

during the rehabilitation phase for children with SAM as poor if

less then 5 g/kg/day, moderate if between 5 and 10 g/kg/day and

good if more than 10 g/kg/day (Ashworth 2003). The highest av-

erage weight gain among our included studies was 5.1 g/kg/day

over the first four weeks of the intervention period. This occurred

in the study that included only HIV-uninfected children (Manary

2004). Rate of weight gain in children with SAM is complex and

depends on a number of different factors. These include the pro-

tein quality of the nutritional intervention (Manary 2016); in-

fections and treatment for conditions such as HIV, tuberculosis

(Manary 2016), and diarrhoea (Iannotti 2015); and non-dietary

factors, such as the mother’s educational status and her knowledge

about feeding practices, socioeconomic status, and previous his-

tory of malnutrition (Sanghvi 2014). Although rapid weight gain

in the rehabilitation phase of SAM is desired, its long-term impact

- especially if height gain does not also occur - is of concern in

the context of the ’double burden’ of disease and overnutrition in

adulthood (Black 2013; Trehan 2015).

In the same year that our review was first published, Lenters 2013

evaluated the effectiveness of interventions for inpatient man-

agement of SAM, community-based management of SAM with

RUTF, and interventions for MAM in children under five years

of age in LMICs. Lenters and colleagues included the same three

studies that were conducted in Malawi that we did (Ciliberto 2005;

Manary 2004; Ndekha 2005) and, for their comparison ’com-

munity-based management with RUTF versus “standard ther-

apy”’, came to similar conclusions as reported in our 2013 review

(Schoonees 2013). Since then, a number of new studies have been

conducted and we have included them in this update. We could

not find any other systematic reviews that included the recent stud-

ies for home-based rehabilitation with RUTF for young children

with SAM. Iannotti 2015 investigated the most effective diagnos-

tic and therapeutic measures for community-based management
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of SAM children with diarrhoea; however, their search was done

in 2013 and did not identify any studies that directly addressed

this question in outpatients.

Although not specifically the focus of our review, it should be noted

that RUTF may be used in the context of humanitarian emergen-

cies, where paediatric mortality and morbidity may largely be due

to malnutrition (Balhara 2017; Kassebaum 2017; Moss 2006). A

systematic review by Balhara and colleagues aimed to characterise

specific nutritional interventions in these settings and their effects

on paediatric (ages 1 to 18 years) mortality, anthropometric mea-

sures and serum markers of nutrition (Balhara 2017). Of the 31

included studies, two studies from Niger (Isanaka 2009; Nackers

2010), and three observational studies from Malawi (Amthor

2009), Myanmar (James 2015), and Sri Lanka (Jayatissa 2012),

included RUTF as intervention. We excluded Nackers 2010 from

our review because the participants were children with MAM. We

also excluded Isanaka 2009 as the study was concerned with the

prevention, not treatment, of severe wasting. Balhara 2017 found

that “[h]igh- and medium-quality studies demonstrated positive

impact of fortified spreads, ready-to-use therapeutic foods, mi-

cronutrients supplementation, and food and cash transfers”.

A Cochrane Review evaluated the safety and effectiveness of differ-

ent types of foods (which included RUTF as a lipid-based nutrient

supplement) for children aged six months to five years with MAM

in LMICs (Lazzerini 2013), and found no significant difference in

mortality (moderate-quality evidence), progression to SAM (high-

quality evidence) or in the number of dropouts from the nutri-

tional programme (moderate-quality evidence) when comparing

lipid-based nutrient supplements at full dose with any blended

foods (without a high lipid content). However, lipid-based sup-

plements significantly increased the number of children who re-

covered (RR 1.10, 95% CI 1.04 to 1.16; 5 studies, 6367 chil-

dren; moderate-quality evidence) and decreased the number of

“non-recovering children” (quote; RR 0.53, 95% CI 0.40 to 0.69;

3 studies, 4537 children; high-quality evidence). Gera 2017 also

evaluated the effectiveness and safety of lipid-based nutrient sup-

plements (which included RUTF) for the treatment of MAM in

children aged between six and 59 months. In a subgroup analysis

to explore heterogeneity for their primary outcome recovery, they

found that the RUTF group had a higher recovery rate than the

group consuming RUSF foods (RR 1.23, 95% CI 1.09 to 1.38; 1

trial, 451 children for RUTF and RR 1.06, 95% CI 1.01 to 1.11;

7 studies, 8483 children for RUSF; Chi2 = 5.17; df = 1; P = 0.02;

I2 = 80.7% for subgroup differences). Gera and colleagues also

reported that lipid-based nutrient supplements containing milk

had a higher recovery rate (RR 1.15, 95% CI 1.03 to 1.29; 2 stud-

ies, 1140 children) than those without milk (RR 1.06, 95% CI

1.01 to 1.11; 7 studies, 7795 children; heterogeneity indicators

not reported).

Economic commentary

Historically, SAM was managed within healthcare facilities. How-

ever, due to the large number of children requiring treat-

ment and limited resources, alternative treatment strategies were

sought. Since 2007, WHO has recommended community-based

management of malnutrition (CMAM) (WHO/WFP/UNSCN/

UNICEF 2007). Mortality rates comparable to those in facil-

ity-based care have been reported with this approach (Akparibo

2017; Collins 2002; Collins 2006b; Kabalo 2017). The success

of CMAM largely relies on the provision of an adequate and safe

therapeutic feed, and RUTF was developed to address this need.

A major concern has been the contribution of RUTF to the total

cost of CMAM and the effect that it may have on the cost-effec-

tiveness of the programmes. A few studies addressing the cost and

cost-effectiveness of community-based management have identi-

fied RUTF as one of the most important cost components.

Our searches in 2017 and 2018 yielded 526 records. After screen-

ing by two authors independently, we identified seven studies as

potentially eligible. All of them evaluated the cost or cost-effec-

tiveness of CMAM and specified the contribution of RUTF to

the total cost (Bachmann 2009; Garg 2018; Isanaka 2017; Puett

2013; Rogers 2018; Tekeste 2012; Wilford 2012), and thus we in-

cluded them in the Economic commentary. Although we did not

perform a critical appraisal of these studies, we extracted relevant

study information to provide the reader with additional informa-

tion on the use of RUTF (Table 11).

In Niger, Isanaka and colleagues conducted a cost analysis of

in- and outpatient treatment of SAM (Isanaka 2017). RUTF ac-

counted for 44% (EUR 32.98) of the cost of CMAM.

Two studies, one from Zambia (comparing CMAM to no treat-

ment) and the other from Malawi (comparing CMAM to no

CMAM), used a decision-tree model to assess cost-effectiveness

of CMAM (Bachmann 2009; Wilford 2012). RUTF contributed

36% and 32% respectively to the cost of CMAM in the studies.

The incremental cost per death averted was USD 1760 and USD

1365 respectively, and the incremental cost per DALY (disability-

adjusted-life year) USD 53 and USD 42.

Another two studies, from Ethiopia (Tekeste 2012), and

Bangladesh (Puett 2013), took a societal perspective in their cost-

effectiveness analysis, comparing facility-based treatment to com-

munity-based treatment. In Ethiopia, RUTF contributed 43.2%

to the cost of CMAM whereas in Bangladesh, it was 24%. The

authors ascribed the relatively low contribution of RUTF to total

costs to the high management costs incurred. The incremental

cost of death averted with CMAM in Bangladesh was USD 869

and DALY averted was USD 26; this was significantly less than

with inpatient care.

In India, Garg and colleagues conducted a costing analysis of three

feeding regimens (two different types of RUTFs and energy-dense,

home-prepared food as per Bhandari 2016), for home-based man-

agement of children with uncomplicated SAM (Garg 2018). The

authors estimated the average cost per treated child in the gov-

ernment setting to be USD 56 (< INR 3500). RUTF contributed
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about 65% of this total CMAM cost.

In rural Mali, Rogers 2018 assessed costs and cost-effectiveness of

community health worker (CHW)-delivered care and found that

CHW-delivered care amounted to approximately half the cost per

child treated (USD 244 versus USD 442) and recovered (USD

259 versus USD501) compared to outpatient facility-based care.

The data available indicates that CMAM is more cost-effective

than facility-based treatment of uncomplicated SAM, despite the

relatively high cost of RUTF.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Standard ready-to-use therapeutic food (RUTF) probably im-

proves recovery and may increase the rate of weight gain com-

pared to alternative dietary approaches, but its effects on relapse

and mortality are unknown. Standard RUTF meeting total daily

nutritional requirements may improve recovery and relapse com-

pared to a similar RUTF given as a supplement to the usual diet.

However, its effects on mortality and the rate of weight gain are not

clear. When comparing RUTFs with different formulations, the

current evidence does not favour a particular formulation, except

for relapse, which is reduced with standard RUTF. The current

limitations in the evidence base do not allow us to draw defini-

tive conclusions regarding the applicability of these findings to

children with severe acute malnutrition (SAM) with or without

comorbidity and at different ages and levels of severity.

Implications for research

Well-designed, adequately-powered, pragmatic randomised con-

trolled trials (RCTs) of RUTF are needed, reported according to

the CONSORT guidelines, as is more detailed reporting regard-

ing the interventions and their implementation (according to the

guidelines given in Hoffmann 2017). Studies where children are

tested and treated for HIV, and where randomisation and analyses

are stratified by confirmed HIV status, are needed to explore the

influence of HIV on recovery from SAM. A serious limitation of

the existing studies is the use of different definitions of outcomes,

such as recovery (different reference or child growth standards and

cut-off points), and anthropometrical measurements (assessed at

different time points). More attention should be given to the type

and standardisation of SAM outcomes in future RUTF research.

The focus needs to be on recovery, relapse, mortality and the rate

of weight gain, but also on adverse effects, such as diarrhoea and

allergic reactions, as these outcomes are important to patients. In

addition, cost implications (for example, cost per death averted

and cost per disability-adjusted-life year (DALY) averted) should

be reported in future studies to enable a cost-effectiveness analysis.

Adherence to RUTF as intervention is unclear; only three in-

cluded studies reported on compliance, and the selling of dis-

pensed RUTF or sharing it with siblings or other family mem-

bers is likely. Therefore, future studies could investigate whether

a greater effort to promote adherence - and thus higher rate of

consumption by the target child - could improve the cost-effec-

tiveness of RUTF treatment.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Bahwere 2014

Methods Comparison addressed in this review: 3

Study design: individually randomised, controlled, non-inferiority trial

Study period: March 2010-March 2011

Country and setting: central Malawi, 17 outpatient treatment programme sites

Sample size calculation: yes, used weight gain and recovery

Child growth standards used for anthropometrical data: not reported (reported an-

thropometrical data at baseline by using WHZ, WAZ and HAZ)

Quality of anthropometrical measurements: outcome assessors trained and monitored;

weight and MUAC measurements adequately described; length/height measurement not

described, only done at baseline

Tested for peanut allergies: not reported

Participants Definition used for SAM: MUAC < 11.0 cm or pitting oedema of grade 1 or 2

Eligible age range: 6-59 months

All randomised children meet review eligibility criteria: yes

Total number randomised: 600 children

Inclusion criteria

1. SAM without complications (medical, dehydration, absence of appetite) or where

complications have been resolved

Exclusion criteria

1. Children who had been in the study but presented with a new episode of SAM

2. Children with any neurological or gastro-intestinal chronic disability

HIV and TB status and treatment: HIV was not seen as a complication and an HIV test

was offered to all caregivers but not performed systematically. Experimental group: HIV-

infected children = 6/112; control group: HIV-infected children = 17/129. Nothing

about antiretroviral treatment reported. Nothing about TB comorbidity reported

Baseline characteristics of experimental group: 154/292 = male; mean age = 24.5 (SD

= 10.3) months; previous episode of SAM = 8/292; oedema being the admission criteria

= 241/292; mean WAZ = −2.68 (SD = 1.44); mean HAZ = −3.30 (SD = 2.36); mean

WHZ = −1.30 (SD = 1.64); mean MUAC = 12.49 (SD = 1.47) cm; diarrhoea = 68/

282; fever = 95/279; breastfeeding = not reported

Baseline characteristics of control group: 145/303 = male; mean age = 25 (SD = 11.

0) months; previous episode of SAM = 16/303; oedema being the admission criteria =

249/303; mean WAZ = −2.75 (SD = 1.32); mean HAZ = −3.26 (SD = 2.02); mean

WHZ = −1.32 (SD = 1.42); mean MUAC = 12.57 (SD = 1.6) cm; diarrhoea = 71/288;

fever = 94/283; breastfeeding = not reported

Stabilised in hospital before start of trial: children with SAM with complications were

first referred to inpatient care and were eligible for study inclusion once they were back

at the outpatient department. Experimental group: 8/292; control group: 9/303

Rehabilitation started in hospital: no

Interventions Number of arms: 2

Maximum intervention duration: 16 weeks

Sample size experimental group: 292 children randomised

55Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Bahwere 2014 (Continued)

Sample size control group: 308 children randomised

Experimental intervention: “P-RUTF” (quote). “Standard peanut-based RUTF”

(quote) manufactured in a factory in Malawi by Valid Nutrition. Contained 25% dried

skim milk, 27% sugar, 26% peanut paste, 20% soybean oil; as well as micronutrients.

Provided 2218 kJ/100 g, protein = 12% of total energy, fat = 56% of total energy. Pack-

aged in identical 250 g pots. Provided around 732 kJ/kg/day

Control intervention: “WPC-RUTF” (quote): RUTF with whey protein manufactured

in a factory in Malawi by Valid Nutrition. Contained 24% WPC34, 28% sugar, 28%

peanut paste, 20% soybean oil; as well as micronutrients. Provided 2218 kJ/100 g,

protein = 12% of total energy, fat = 56% of total energy. Packaged in identical 250 g

pots. Provided around 732 kJ/kg/day

Concomitant treatment: all children got a 5-day course of amoxicillin, a single 100 mg

dose of deworming medication, and health and nutrition advice

Risk that intervention was shared with siblings: yes. It is likely that in families who

were food insecure, RUTF was shared among siblings. There was the same risk in both

groups

Outcomes How often were children assessed during home-based rehabilitation? Once a week

Followed up after intervention period? No

Outcomes during or at the end of the intervention period

Primary outcomes

1. Recovery: yes. For children admitted with MUAC < 11.0 cm, recovery was

defined as weight gain of at least 15% in relation to baseline weight, MUAC > 11.0

cm, no medical complications, the absence of bilateral pitting oedema and a minimum

stay in the programme of 1 month. For children admitted with bilateral pitting

oedema, recovery was defined as the absence of bilateral pitting oedema, being

clinically well and a MUAC of > 11.0 cm.

2. Relapse: yes, defaulters and those lost to follow-up

3. Mortality: yes

Secondary outcomes

1. Weight gain: yes, rates of weight gain during the entire study period were

estimated in g/kg/day and compared between the study arms.

2. Time to recovery: yes, length of stay in the trial

3. WHZ: no

4. WAZ: no

5. Height gain: no

6. HAZ: no

7. MUAC: no

8. Cognitive function: no

9. Adverse outcomes: diarrhoea, proportion of children with a history of diarrhoea

during the first weekly follow-up visit

10. Acceptability: yes. caregivers were asked at each visit about the acceptability of

the RUTF.

Notes Trial registry number: not reported

Type of study report: published journal article

Contacted study authors: yes. We obtained information on outcome definitions and

SDs for the outcome weight gain

Ethics approval: Malawi National Health Sciences Research Committee (NHSRC) of

the Ministry of Health
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Informed consent: carers provided written informed consent.

Financial contributors: the Clinton Foundation and the US Dairy Export Council

(USDEC)

Conflict of interest declared: study author VO was an employee of Valid Nutrition;

study author SC is the unpaid director of Valid Nutrition

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “A computer-generated sequen-

tially numbered randomisation list (with

variable block sizes) that contained both al-

locations and codes for 700 children was

pre-prepared by the trial statistician based

outside Malawi and sent to the national

study coordinator...”

Allocation concealment (selection bias) Low risk Quote: “…the national study coordina-

tor who then prepared 700 opaque, sealed

and consecutively numbered randomisa-

tion envelopes. The envelopes were dis-

tributed to the enumerator team leaders at

study sites in a block of 20 envelopes. In

the field, the caretakers were asked to ran-

domly pick a sealed opaque envelope con-

taining the arm code.”

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “The two RUTFs... were packaged

in identical 250-g pots and were labelled

with a letter code. The RUTFs were sim-

ilar in colour, texture and smell. The in-

vestigators directly involved in supervision,

child recruitment, and management and

outcome assessment were blinded to the

identity of the letter codes. All non-partic-

ipating staff of the research sites and the

caregivers of enrolled children were also

blinded to the identity of the RUTFs.” Fur-

thermore, children across groups received

the same contact time with study personnel

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Quote: “The investigators directly in-

volved in supervision, child recruitment,

and management and outcome assessment

were blinded to the identity of the letter

codes.”
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Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Comment: ITT and per-protocol analy-

ses were performed and reported separately.

For the ITT analysis, it was not reported

how missing data were handled. The de-

nominators for the per-protocol analysis

were explained sufficiently on page 442,

with 256/292 (87.7%) for the experimen-

tal group compared to 266/303 (87.8%)

for the control group

Selective reporting (reporting bias) Unclear risk Comment: protocol or study registration

number not reported. In the article’s Dis-

cussion section, the study authors referred

to a protocol: “Although the initial protocol

included the assessment of body composi-

tion, this objective was later dropped be-

cause of financial constraints” (quote). The

protocol was not cited. The expected out-

comes were pre-specified in the Methods

section and reported in the Results section.

However, the study authors reported that,

at each visit, caregivers were asked about

acceptability of the RUTF; however, these

results were not reported

Other bias Low risk Comment: more participants in the experi-

mental group were HIV-infected (5.4% (6/

112) of the experimental group compared

to 13.2% (17/129) in control group). This

is likely because of chance, as other baseline

characteristics appear similar across groups
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Bhandari 2016

Methods Comparison addressed in this review: 1

Study design: individually randomised controlled trial; multicentre

Study period: October 2012-April 2015

Country and setting: 3 diverse geographical settings in India: Rajasthan, Tamil Nadu

and Delhi; low-income households in both rural and urban areas; sites also varied in

programmatic context

Sample size calculation: yes, recovery rate

Child growth standards used for anthropometrical data: WHO Child Growth Stan-

dards 2006

Quality of anthropometrical measurements: outcome assessors trained, standardisa-

tion of teams and daily calibration of equipment; weight, height/length and MUAC

measurements adequately described

Tested for peanut allergies: not reported. Children with known milk allergy excluded;

one child excluded due to “clinically diagnosed allergy” (quote) but unclear as to which

substance

Participants Definition used for SAM: WHZ ≥ −2 and absence of oedema of feet

Eligible age range: 6-59 months

All randomised children meet review eligibility criteria: yes

Total number randomised: 906 children

Inclusion criteria

1. SAM

2. Without complications

3. Likely to reside for the next 4 months in the study area

4. Parents gave written consent

Exclusion criteria

1. Children with severe illness requiring hospitalisation

2. Allergy to milk

3. Haemoglobin < 6 g/dL

4. Unable to eat the test food

5. Children with a sibling previously enrolled in the trial

These children were considered complicated SAM cases and were referred to inpatient

care

HIV and TB status and treatment: not reported

Baseline characteristics of experimental group, RUTF-C: 181/298 = male; mean age

= 24.7 (SD = 13.9) months; mean WHZ = −3.5 (SD = 0.4); mean HAZ = −2.9 (SD

= 1.2); mean MUAC = 11.8 (SD = 0.8) cm; fever,diarrhoea, cough or fast breathing in

previous 2 weeks = 162/298; breastfeeding = not reported

Baseline characteristics of experimental group, RUTF-L: 178/307 = male; mean age

= 25.7 (SD = 14.0) months; mean WHZ = −3.4 (SD = 0.4); mean HAZ = −3.1 (SD

= 1.4); mean MUAC = 11.8 (SD = 0.8) cm; fever, diarrhoea, cough or fast breathing in

previous 2 weeks = 166/307; breastfeeding = not reported

Baseline characteristics of control group: 166/301 = male; mean age = 25.7 (SD =

14.1) months; mean WHZ = −3.5 (SD = 0.5); mean HAZ = −3.0 (SD = 1.3); mean

MUAC = 11.8 (SD = 0.8) cm; fever, diarrhoea, cough or fast breathing in previous 2

weeks = 159/301; breastfeeding = not reported

Stabilised in hospital before start of trial: 98/906 children were stabilised in hospital

before enrolment into the study (not reported how many per group)

Rehabilitation started in hospital: rehabilitation only took place at home, but chil-
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Bhandari 2016 (Continued)

dren who relapsed were taken up in hospital and restarted the study intervention upon

discharge

Interventions Number of arms: 3

Number of arms used in this review: all 3

Maximum intervention duration: 16 weeks

Sample size experimental group: “RUTF-C” (quote) = 298 children randomised;

“RUTF-L” (quote) = 307 children randomised

Sample size control group: 301 children randomised

Experimental intervention 1: “RUTF-C”. Centrally produced RUTF, manufactured

by Compact India. Contained 30% peanut paste, 29% sugar, 20% milk solids, 18%

vegetable oil, as well as mineral and vitamin mixes. Provided 2272 kJ/100 g, protein

= 15% of total energy, lipids = 34.8% of total energy, carbohydrates = 43.5% of total

energy. Smooth texture, and thick and sticky. Packaged in 92 g sachets. Provided around

732 kJ/kg/day

Experimental intervention 2: “RUTF-L” (quote). Locally produced RUTF (RUTF-

L) were prepared at each site, and a consultant who had participated in African studies

trained the site teams to produce the RUTF under stringent conditions in a designated

room. Contained 26% peanut paste, 27% sugar, 25% milk solids, 20% vegetable oil,

as well as mineral and vitamin mixes. Provided 2209 kJ/100 g, protein = 15% of total

energy, lipids = 33% of total energy, carbohydrates = 46% of total energy. Thinner

consistency than RUTF-C, and granular texture. Packaged in transparent food grade

250 g jars. Provided around 732 kJ/kg/day

Control intervention: “A-HPF” (quote). Energy-dense home-prepared foods. Families

of children were given raw ingredients to prepare foods; ingredients included locally

available and acceptable cereals and pulses, sugar, oil, milk and eggs. Recipes for mak-

ing energy-rich and nutrient-rich foods for children were promoted. A micronutrient

preparation was also provided for caregivers to add to the cooked meal before feeding.

Amounts in excess of that needed by SAM children were provided, as sharing within the

family was expected. Provided around 732 kJ/kg/day for the SAM child

Concomitant treatment: all children received oral amoxicillin for 5 days; those aged ≥

2 years were given deworming medication for 3 days; vitamin A to children with signs

or symptoms of a deficiency; immunisation as per the national schedule; children with

anaemia (haemoglobin ≥ 6 to ≤ 11 g/dL) in the A-HPF group were given iron and folic

acid

Risk that intervention was shared with siblings: yes, in the 2 RUTF groups but not

in the control group, as enough raw ingredients were given for sharing within the family

Outcomes How often were children assessed during home-based rehabilitation? Once a week

Followed up after intervention period? Yes. All children were followed up and measured

at 16 weeks after the end of the intervention period

Outcomes during or at the end of the intervention period

Primary outcomes

1. Recovery: yes, WHZ ≥ −2 SD of the WHO standards and absence of oedema of

feet

2. Relapse: yes, children hospitalised and lost to follow-up over 16 weeks of

intervention

3. Mortality: yes

Secondary outcomes
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1. Weight gain: yes, change in g/kg/day between baseline and recovery or 16 weeks

of intervention, whichever was earlier

2. Time to recovery: yes. The weeks children took to recovery were only measured

in children who recovered during the intervention period. We converted the results in

weeks into days.

3. WHZ: no

4. WAZ: no

5. Height gain: no

6. HAZ: no

7. MUAC: no

8. Cognitive function: no

9. Adverse outcomes: yes, diarrhoea events measured at any time during the 16

weeks of intervention

10. Acceptability: no

11. At follow-up after the intervention period

12. Recovery: yes, WHZ ≥ −2 SD at the end of 16-week follow-up

13. Relapse: yes, hospitalisations during the 16-week follow-up period

14. Mortality: no

15. WHZ: yes, at the end of 16-week follow-up

16. WAZ: no

17. Height gain: no

18. HAZ: yes, at the end of 16 week-follow-up

19. MUAC: yes, at the end of 16 week-follow-up

20. Cognitive function: no

21. Adverse outcomes: no

Notes Trial registry number: NCT01705769; CTRI 2012/10/003054

Type of study report: published journal article

Contacted study authors: yes. The contact author clarified the data for MUAC at

follow-up, and provided us with results on the number of children hospitalised during

the follow-up period

Ethics approval: “The study was approved by the institutional ethics committees of

each participating institution (Society for Applied Studies, New Delhi: SAS ERC/40/

2012; Christian Medical College, Vellore: IRB-A13-19-09-2012; Action Research and

Training for Health, Udaipur: ARTH IEC dated 14 January 2013) and the WHO Ethics

Review Committee (Protocol ID RPC538)” (quote)

Informed consent: “Written informed consent was obtained from caregivers for each

different activity” (quote)

Financial contributors: Bill & Melinda Gates Foundation (grant number

OPP1033634)

Conflict of interest declared: yes. Study authors RB and SY declared they were/are staff

members of the WHO

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “A statistician, not otherwise in-

volved with the study, prepared randomisa-
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tion lists. Randomisation was stratified by

site and age categories…using block sizes

of variable length…”

Allocation concealment (selection bias) Low risk Quote: “Allocation into study groups

was concealed using Serially Numbered

Opaque Sealed Envelopes (SNOSE) pre-

pared by WHO… the SNOSE next in se-

quence was opened only after completing

an enrolment.”

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Comment: caregivers of participant chil-

dren could not be blinded, but it is unlikely

that a lack of blinding could have affected

the children’s outcomes such as recovery,

relapse, mortality, time to recovery and an-

thropometrical outcomes. Children across

groups received the same contact time with

study personnel

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Quote: “During the treatment phase,

an independent outcome measurement

team took weekly anthropometric mea-

surements. This team was blinded as far as

possible to the group to which the child was

allocated.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk Comment: loss to follow-up was small and

not differential: for the experimental group,

557/605 (92%), and for the control group,

285/301 (95%) completed the interven-

tion period

Selective reporting (reporting bias) Unclear risk Comment: trial registration numbers:

NCT01705769 and CTRI 2012/10/

003054. Expected outcomes were prespec-

ified and addressed. However, results for

change in WHZ, HAZ and MUAC be-

tween the intervention period and follow-

up were reported but were not prespeci-

fied as outcomes. In the trial registry en-

try, and in the Methods section of the ar-

ticle, the study authors prespecified that

data on hospitalisations at follow-up (sus-

tenance phase, 16 weeks after the interven-

tion period) was collected; however, these

results were not reported
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Other bias Low risk Comment: nutritional baseline character-

istics appear similar across groups

Ciliberto 2005

Methods Comparison addressed in this review: 1

Study design: stepped-wedge design treated as quasi-randomised cluster trial

Study period: December 2002-June 2003

Country and setting: southern Malawi; outpatients to NRUs

Sample size calculation: yes, recovery rate

Child growth standards used for anthropometrical data: NCHS reference population

Quality of anthropometrical measurements: not adequately described

Tested for peanut allergies: not reported

Participants Definition used for SAM: WHZ < −3 (NCHS reference population) or oedema

Eligible age range: 10-60 months

All randomised children meet review eligibility criteria: no. Children with MAM

(WHZ < −2 ) and SAM were randomised together (not stratified), but results reported

separately

Total number randomised: 645 SAM children (effective sample size = 352)

Inclusion criteria

1. Attending 1 of 7 NRUs as in- or outpatient

2. Wasting (WHZ < −2)

3. Mild oedema (< 0.5 cm pitting oedema on the dorsum of the foot), or both

4. Good appetite

Exclusion criteria

1. Severe oedema (> 0.5 cm pitting oedema on the dorsum of the foot)

2. Systemic infection

3. Anorexia

HIV and TB status and treatment: not reported

Baseline characteristics of experimental group (including MAM children): 526/992

= male; mean age = 23 (SD = 10) months; oedema = 434/992; mean weight = 7.7 (SD

= 1.7) kg; mean length = 74.8 (SD = 6.6) cm; mean WAZ = −3.5 (SD = 1.0); mean

HAZ = −3.0 (SD =1.5); mean WHZ = −2.2 (SD = 0.8); mean MUAC = 11.6 (SD =

1.4) cm; children still breastfeeding = 505/992; mean age when breastfeeding stopped =

21 (SD 7) months

Baseline characteristics of control group (including MAM children): 98/186 = male;

mean age = 24 (SD = 12) months; oedema = 86/186; mean weight = 7.6 (SD = 1.9) kg;

mean length = 75.0 (SD = 7.6) cm; mean WAZ = −3.7 (SD = 1.0); mean HAZ = −3.

2 (SD = 1.6); mean WHZ = −2.5 (SD = 0.9); mean MUAC = 11.6 (SD = 1.5) cm;

children still breastfeeding = 72/186; mean age when breastfeeding stopped = 21 (SD 8)

months

Stabilised in hospital before start of study: yes, the “very ill” (quote) received F-75,

containing 75 kCal/100 mL (314 kJ/100 mL) and 0.9 g protein/100 mL, and parenteral

antibiotics. Experimental group: 347/992 were hospitalised with a mean of 11 (SD = 9)

days; control group: 186/186 were hospitalised with a mean of 22 (SD = 14) days

Rehabilitation started in hospital: yes, all children in the control group were on F-100
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first, and upon discharge, received fortified flour. The children from the experimental

group who were stabilised in hospital received F-100, and upon discharge, RUTF

Interventions Number of arms: 2

Maximum intervention duration: 8 weeks

Sample size experimental group: 532 children randomised (effective sample size = 290)

Sample size control group: 113 children randomised (effective sample size = 62)

Experimental intervention: RUTF. Locally produced by the study team and Tambala

Foods (Blantyre, Malawi). Ingredients were: 25% peanut butter; 28% sugar; 30% full-

fat milk; 15% vegetable oil; 1.4% imported micronutrients (Nutriset). A 260 g, daily

portion provided 175 kCal/kg/day (732 kJ/kg/day) and 5.3 g/kg/day protein

Control intervention: “standard therapy” (quote). Maize and soy blended flour supple-

mented with micronutrients at home. Blended flour (80% maize, 20% soy) prepared by

carer and to be consumed 7 times/day; each received 50 kg of flour

Concomitant treatment: not reported

Risk that intervention was shared with siblings: yes. Families with a child in the

control group received “a generous supply” (quote) of flour, which was meant to be

shared, while children in the RUTF group only received RUTF for them. It is likely that

the RUTF or RUTF supplement was shared among siblings

Outcomes How often were children assessed during home-based rehabilitation? Once every 2

weeks

Followed up after intervention period? Yes. Children who recovered were asked to

come back 6 months after the end of the intervention period

Outcomes during or at the end of the intervention period

Primary outcomes

1. Recovery: WHZ > −2 while remaining free of oedema

2. Relapse: recurrence of oedema or systematic infection requiring readmission to

NRU

3. Mortality: all reported child deaths were considered to be a consequence of

malnutrition

Secondary outcomes

1. Weight gain: g/kg/day during the first 4 weeks of the intervention period

2. Time to recovery: rates of reaching a WHZ > −2 over the 8 week study duration

(time-event analysis)

3. WHZ: no

4. WAZ: no

5. Height gain: length/height in mm/day over 8 weeks of treatment

6. HAZ: no

7. MUAC: mm/day during the first 4 weeks of the intervention period

8. Cognitive function: no

9. Adverse outcomes: diarrhoea, in days, with diarrhoea as reported by carer

10. Acceptability: no

11. At follow-up after the intervention period

12. Recovery: no

13. Relapse: WHZ < −2 or oedema 6 months after recovery

14. Mortality: no

15. WHZ: no

16. WAZ: no
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17. Height gain: no

18. HAZ: no

19. MUAC: no

20. Cognitive function: no

21. Adverse outcomes: no

Notes Trial registry number: not reported

Type of study report: published journal article

Contacted study authors: yes. We obtained the definition for relapse at follow-up,

separate data for SAM children, and separate data for the outcomes of relapse and death

Ethics approval: College of Medicine Research and Ethics Committee of the University

of Malawi; Human Studies Committee of Washington University in St Louis

Informed consent: obtained; not reported whether it was provided orally or in writing

Financial contributors: Doris Duke Clinical Scholars Programme; St Louis Children’s

Hospital Foundation; World Food Programme; Valid International; US Agency for In-

ternational Development

Conflict of interest declared: the study authors reported they had no conflicts of interest

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Quote: “...systematic allocation with a

stepped wedge design...”.

Allocation concealment (selection bias) High risk Comment: quasi-randomised study; there-

fore, prediction of next allocation possible

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Comment: blinding not done because

the experimental and control interventions

looked very different. However, it is un-

likely that the lack of blinding of caregivers

and study personnel could have led to a

high risk of performance bias in children for

outcomes such as recovery, relapse, mortal-

ity, weight gain and time to recovery. Chil-

dren across groups received the same con-

tact time with study personnel

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Comment: outcome assessors were not

blinded. The majority of outcomes were

dependent on anthropometrical measure-

ments. It is unclear how lack of blinding

affected outcome measurements

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Comment: loss to follow-up was small

and not differential: 98/992 (9.9%) from

the experimental group and 15/186 (8.

1%) from the control group dropped out
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of the study. However, only a subgroup

of randomised participants was eligible to

be included in our review, and it is un-

clear whether randomisation in this smaller

group was preserved

Selective reporting (reporting bias) Unclear risk Comment: protocol and trial registration

entry not available; primary and secondary

outcome prespecified in the Methods sec-

tion and addressed in the Results section

Other bias Unclear risk Comment: baseline characteristics re-

ported per group; however, the character-

istics for the subgroup of children relevant

to our review was not reported

Hsieh 2015a

Methods Comparison addressed in this review: 3

Study design: individually randomised controlled trial

Study period: January-May 2014

Country and setting: southern Malawi, 6 rural clinics

Sample size calculation: yes, increase in plasma DHA and EPA

Child growth standards used for anthropometrical data: not reported

Quality of anthropometrical measurements: not reported

Tested for peanut allergies: not reported

Participants Definition used for SAM: MUAC < 11.5 cm or bilateral pitting oedema, or both

Eligible age range: 6-59 months

All randomised children meet review eligibility criteria: yes

Total number randomised: 141 children

Inclusion criteria

1. SAM children

2. Qualifying for CMAM (with appetite)

Exclusion criteria

1. Received treatment for SAM in previous 6 months

2. Children with a chronic debilitating condition such as cerebral palsy, congenital

heart diease, or peanut allergy

HIV and TB status and treatment: children with HIV were not excluded but the pro-

portion of study participants with HIV was not reported; nothing about TB comorbidity

was reported

Baseline characteristics of experimental group: 25/70 = male; mean age = 19 (SD =

9.7) months; oedematous malnutrition = 44/70; mean HAZ = −2.9 (SD = 1.4); mean

WHZ = −1.8 (SD = 1.1); mean MUAC = 12.0 (SD = 1.2); mother HIV-infected = 8/

70; currently breastfeeding = 33/70

Baseline characteristics of control group: 27/71 = male; mean age = 20 (SD = 13)

months; oedematous malnutrition = 41/71; mean HAZ = −3.3 (SD = 1.7); mean WHZ

= −1.9 (SD = 1.0); mean MUAC = 11.8 (SD = 1.3); mother HIV-infected = 2/71;
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currently breastfeeding = 33/71

Stabilised in hospital before start of study: no

Rehabilitation started in hospital: no

Interventions Number of arms: 2

Maximum intervention duration: 12 weeks

Sample size experimental group: 70 children randomised

Sample size control group: 71 children randomised

Experimental intervention: RUTF. S-RUTF manufactured by Project Peanut Butter in

Malawi. Contained 27.0% peanuts, 25.8% palm oil, 2.9% soy oil, 25.0% dry skimmed

milk, 26.0% sugar and maltodextrin, with added micronutrients. Provided 2356 kJ/

100g, protein = 15.9%, total fat = 42.4%. Nothing about packaging reported. Provided

about 735 kJ/kg/day

Control intervention: “HO-RUTF” (quote) manufactured by Nutriset (Malaunay,

France). Contained 24.6% high oleic peanuts, 13.0% palm oil, 8.2% linseed oil, dry

skimmed milk 17.2%, 14.5% sweet whey, 19.0% sugar and maltodextrin, 3.3% mi-

cronutrients and mono- and diglyceride emulsifier. Contained more omega-3 ALA and

less omega-6 LA than the standard RUTF. Other than fatty acid content, nutrient con-

tent similar to S-RUTF. Provided 2326 kJ/100g, protein = 14.3%, total fat = 35.3%.

Nothing about packaging reported. Provided about 735 kJ/kg/day

Concomitant treatment: not reported

Risk that intervention was shared with siblings: unclear risk. Although actions were

taken to reduce the risk of the study participants sharing their RUTF, this was only done

where participant children had a well-nourished twin within the household

Outcomes How often were children assessed during home-based rehabilitation? Once every 2

weeks

Followed-up after intervention period? No

Outcomes during or at the end of the intervention period

Primary outcomes

1. Recovery: MUAC > 12.4 cm without oedema within 12 weeks

2. Relapse: lost to follow-up over 12 weeks of intervention

3. Mortality: yes

Secondary outcomes

1. Weight gain: change between baseline and week 4 of 12 weeks of intervention

2. Time to recovery: no

3. WHZ: end value after 12 weeks of intervention

4. WAZ: no

5. Height gain: change between baseline and 12 weeks of intervention

6. HAZ: no

7. MUAC: change between baseline and first 4 weeks out of 12 weeks of intervention

8. Cognitive function: no

9. Adverse outcomes: “adverse reactions” (quote)

10. Acceptability: no

Notes Trial registry number: NCT02053857

Type of study report: published journal article

Contacted study authors: yes. We obtained confirmation that no children were stabilised

in hospital pre-trial
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Ethics approval: University of Malawi, the College of William and Mary, and Wash-

ington University in St. Louis

Informed consent: informed consent was obtained from village leaders and health ad-

vocates; and informed, signed consent from caregivers

Financial contributors: NIH grant R01 AT007003 from the National Center for Com-

plementary and Integrative Health (NCCIH) and the Office of Dietary Supplements

(ODS)

Conflict of interest declared: the study authors declared they had none.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Quote: “Subjects were randomized to ei-

ther…”, but method of randomisation not

reported

Allocation concealment (selection bias) Low risk Quote: “Subjects were randomized… by

choosing a treatment designation in a

sealed envelope, prepared by a study assis-

tant who did not participate in the data col-

lection or analysis.”

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “The children, caretakers, and clin-

ical workers were blinded to the assigned

intervention.”, but it is not reported how

blinding was done

Comment: however, it is unlikely that a

lack of blinding would have influenced

the children’s outcomes such as recovery,

mortality and anthropometrical outcomes.

Also, children from both groups received

the same contact time with study personnel

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Quote: “...clinical workers were blinded to

the assigned intervention.”

Comment: the experimental and control

RUTFs were produced in Malawi and

France respectively, and it is not reported

how blinding was done

Incomplete outcome data (attrition bias)

All outcomes

Low risk Comment: loss to follow-up was somewhat

differential, but small: for the experimental

group, 6/70 (8.6%), and for the control

group, 2/71 (2.8%) dropped out during the

12 weeks of the intervention period
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Selective reporting (reporting bias) Unclear risk Comment: trial registration number:

NCT02053857. The expected outcomes

were prespecified in the trial registration

and Methods section of article, and ad-

dressed in Results section. In the Results

section, the study authors reported that no

“adverse reactions to any of the study foods

were reported” (quote). However, it was

not prespecified that adverse reactions were

measured, and how

Other bias Low risk Comment: reported baseline characteris-

tics seems to be similar across groups except

for the experimental group, in which 11%

(8/70) of mothers had HIV-infection com-

pared to 3% (2/71) in the control group,

but this is probably because of chance, as

other characteristics appear similar across

groups

Hsieh 2015b

Methods Comparison addressed in this review: 3

Study design: individually randomised controlled trial

Study period: June-August 2013

Country and setting: Malawi

Sample size calculation: not reported

Child growth standards used for anthropometrical data: not applicable

Quality of anthropometrical measurements: not applicable

Tested for peanut allergies: not reported

Participants Definition used for SAM: not reported

Eligible age range: 6 months-5 years

All randomised children meet review eligibility criteria: unclear

Total number randomised: 148 children

Inclusion criteria: not reported

Exclusion criteria: not reported

HIV and TB status and treatment? not reported

Baseline characteristics of experimental group: not reported

Baseline characteristics of control group: not reported

Stabilised in hospital before start of study: not reported

Rehabilitation started in hospital: not reported

Interventions Number of arms: 2

Maximum intervention duration: not reported

Sample size experimental group: 74 children

Sample size control group: 74 children

Experimental intervention: RUTF. S-RUTF manufactured by Project Peanut Butter in
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Malawi. Contained 27.0% peanuts, 25.8% palm oil, 2.9% soy oil, 25.0% dry skimmed

milk, 26.0% sugar and maltodextrin, with added micronutrients. Provided 2356 kJ/

100g, protein = 15.9%, total fat = 42.4%; nothing about packaging reported

Control intervention: “HO-RUTF” (quote) manufactured by Nutriset (Malaunay,

France). Contained 24.6% high oleic peanuts, 13.0% palm oil, 8.2% linseed oil, dry

skimmed milk 17.2%, 14.5% sweet whey, 19.0% sugar and maltodextrin, 3.3% mi-

cronutrients and mono- and diglyceride emulsifier. Contained more omega-3 ALA and

less omega-6 LA than the S-RUTF. Other than fatty acid content, nutrient content sim-

ilar to S-RUTF. Provided 2326 kJ/100g, protein = 14.3%, total fat = 35.3%. Nothing

about packaging reported

Concomitant treatment: not reported

Risk that intervention was shared with siblings: not applicable. Acceptability trial

Outcomes How often were children assessed during home-based rehabilitation? Not applicable

Followed-up after intervention period? No

Outcomes during or at the end of the intervention period

Primary outcomes

1. Recovery: no

2. Relapse: no

3. Mortality: no

Secondary outcomes

1. Weight gain: no

2. Time to recovery: no

3. WHZ: no

4. WAZ: no

5. Height gain: no

6. HAZ: no

7. MUAC: no

8. Cognitive function: no

9. Adverse outcomes: no

10. Acceptability: yes, proportion of children giving the highest likeability score

(maximum score of 5, where 5 indicated maximum likeability) for RUTF on the first

study day; amount of food that remained after the taste test, where 30 g of RUTF was

given within 40 min

Notes Trial registry number: not reported

Type of study report: reported briefly in Hsieh 2015a

Contacted study authors: yes. We established from the study author that no further or

separate documentation for this study is available

Ethics approval: not reported

Informed consent: not reported

Financial contributors: not reported

Conflict of interest declared: not reported

Risk of bias

Bias Authors’ judgement Support for judgement
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Random sequence generation (selection

bias)

Unclear risk Quote: “Each child was randomly as-

signed…”, but method of randomisation

not reported

Allocation concealment (selection bias) Unclear risk Comment: Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk Comment: it is reported that the accept-

ability study was “double-blind” (quote),

but it is not reported how blinding was

done. It is possible that if the caregivers

knew what intervention their child was get-

ting, they could have influenced their child

to eat more or less of it, according to their

own taste preferences or perception of the

product

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Comment: it is reported that the accept-

ability study was “double-blind” (quote),

but it is not reported how blinding was

done. It is not reported who measured the

time of consumption and who weighed

the remaining food. Caregivers completed

a survey that assessed each child’s appetite

and likeability of the food

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Comment: denominators not given for all

relevant acceptability outcomes

Selective reporting (reporting bias) Unclear risk Comment: protocol, trial registry entry or

full-text paper with detailed methods not

available

Other bias Unclear risk Comment: baseline characteristics not re-

ported
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Methods Comparison addressed in this review: 3

Study design: stratified, cluster-randomised controlled, equivalence trial

Study period: June 2009-August 2010

Country and setting: 24 out of 26 healthcare clinics in Lusaka, Zambia

Sample size calculation: yes, recovery rate

Child growth standards used for anthropometrical data: not applicable, as height not

measured and MUAC and percentage weight gain used to define recovery

Quality of anthropometrical measurements: outcome assessors trained; weight and

MUAC measurements adequately described

Tested for peanut allergies: not reported

Participants Definition used for SAM: MUAC < 11.0 cm or pitting oedema of grade 1 or 2 and no

medical complications and with appetite

Eligible age range: 6-95 months

All randomised children meet review eligibility criteria: yes

Total number randomised: 1927 children

Inclusion criteria

1. SAM without complications, where complications were defined as either medical

or the absence of appetite. Medical complications, dehydration and appetite were also

defined.

Exclusion criteria

1. Children with SAM with complications. Such children were referred to hospital.

2. Children previously discharged from the study as recovered and who presented

with a new episode of SAM.

HIV and TB status and treatment: all children were offered a HIV test but it was not

mandatory. 361/1103 were not tested and 251/824 had status unknown. HIV status

and those on ARVs was similar across study groups: 162/1103 = HIV-infected (of which

50 on ARVs, 69 not on ARVs and 43 unknown) in the experimental group and 114/

824 = HIV-infected (of which 43 on ARVs, 41 not on ARVs and 33 unknown) in the

control group. Children on anti-TB treatment were also similar across groups: 51/1103

in the experimental group (856 not on anti-TB treatment and 196 unknown) and 20/

824 in the control group (658 not on anti-TB treatment and 146 unknown)

Baseline characteristics of experimental group: 576/1103 = male; median age = 17

(interquartile range 12-22) months; fully immunised = 588/1103; diarrhoea = 327/

1103; dehydration = 51/1103; MUAC median = 11.0 (interquartile range 10.5-12.5)

cm; weight median = 7.0 (interquartile range 6.0-8.5) kg; no oedema = 424/1103

Baseline characteristics of control group: 397/824 = male; median age = 17 (interquar-

tile range 12-22) months; fully immunised = 482/824; diarrhoea = 285/824; dehydration

= 63/824; MUAC median = 11.5 (interquartile range 10.5-12.7) cm; weight median =

7.1 (interquartile range 6.0-8.3) kg; no oedema = 248/824

Stabilised in hospital before start of study: no

Rehabilitation started in hospital: no

Interventions Number of arms: 2

Maximum intervention duration: study authors reported no maximum intervention

duration. Children were discharged according different exit criteria (recovery, death,

default, transfer out of catchment area and non-recovery)

Sample size experimental group: 1103 children (design effect = 504)

Sample size control group: 824 children (design effect = 377)

Experimental intervention: “P-RUTF” (quote) manufactured in a factory in Malawi
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by Valid Nutrition. Contained 25% dried skim milk, 27% sugar, 26% peanut paste,

20% soybean oil as well as micronutrients. Provided 2218 kJ/100 g, protein = 12% of

total energy, fat = 56% of total energy. Packaged in 92 g branded, laminated foil sachets.

Provided around 837 kJ/kg/day

Control intervention: “SMS-RUTF” (quote) manufactured in a factory in Kenya. Con-

tained 30% soybean, 18% maize, 6.5% sorghum, 15% sugar, 22% palm oil, as well as

micronutrients. Provided 2180 kJ/100 g, protein = 8.5% of total energy, fat = 57% of

total energy. Packaged in 250 g clear plastic screw top pots. Provided around 837 kJ/kg/

day

Concomitant treatment: all children got a 5-day course of amoxicillin, a single 100 mg

dose of deworming medication, and health and nutrition advice

Risk that intervention was shared with siblings: yes. It is likely that in families who

were food insecure, RUTF was shared among siblings. There was the same risk in both

groups

Outcomes How often were children assessed during home-based rehabilitation? Once a week

Followed up after intervention period? No

Outcomes during or at the end of the intervention period

Primary outcomes

1. Recovery: yes, weight gain ≥ 18% in relation to baseline weight, absence of

medical complications and oedema, and MUAC > 11.0 cm

2. Relapse: yes, absent for 3 consecutive visits and could not be traced, or inpatient

transfer

3. Mortality: yes, “Verbal autopsy to confirm death and to assess the possible cause

of the death was undertaken for children who were reported as having died” (quote)

Secondary outcomes

1. Weight gain: yes, change between baseline and the end of intervention period for

all children

2. Time to recovery: yes, number of days in the study for all children and for those

who recovered separately

3. WHZ: no

4. WAZ: no

5. Height gain: no

6. HAZ: no

7. MUAC: no

8. Cognitive function: no

9. Adverse outcomes:no

10. Acceptability: yes, caregivers were interviewed at each visit about the

acceptability of the RUTF

Notes Trial registry number: ISRCTN62376241

Type of study report: published journal article

Contacted study authors: yes. We obtained confirmation that there was no maximum

intervention period and that the RUTFs were produced in food factories

Ethics approval: University of Zambia Biomedical Research Ethics Committee

Informed consent: caregivers gave written informed consent.

Financial contributors: Irish Aid

Conflict of interest declared: study author “VOO is an employee of Valid Nutrition.

SC is the unpaid director of Valid Nutrition. Valid International is the sister company

73Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Irena 2015 (Continued)

of Valid Nutrition” (quote)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Comment: stratified cluster randomisation

was done by “…the epidemiologist…with

no prior knowledge of the Lusaka pro-

gramme, randomly allocated intervention

arms to HCs in block of four using ran-

domisation software” (quote)

Allocation concealment (selection bias) Unclear risk Comment: not reported clearly; it is un-

clear if central allocation was done by the

epidemiologist

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “The study could not be blind be-

cause of the differences in packaging and

taste between the SMS-RUTF and the P-

RUTF…”

Comment: the cluster-randomised design

was used to limit the potential bias related

to no blinding. Children across groups re-

ceived the same contact time with study

personnel, although it could have differed

from healthcare centre to healthcare centre.

It is unlikely that no blinding of caregivers

and study personnel could have led to high

risk of performance bias in children for out-

comes such as recovery, relapse, death, an-

thropometrical measurements. It is likely

that no blinding could have influenced the

acceptability outcome

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Comment: outcome assessors were not

blinded. The majority of outcomes were

dependent on anthropometrical measure-

ments. It is unclear how lack of blinding

affected outcome measurements

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Comment: 43/824 (5.2%) from the con-

trol group (SMS-RUTF) switched to the

experimental group (P-RUTF), while all

of those randomised to P-RUTF (1103/

1103) stayed with their allocated food. In

total, 282/1103 (25.6%) from the experi-

mental group versus 261/824 (31.7%) chil-

dren from the control group were lost to
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follow-up. Although this is large, as well

as differential attrition, “Children who ini-

tially accepted the SMS-RUTF but who at a

later point in their treatment subsequently

refused to eat the SMS-RUTF were trans-

ferred to the P-RUTF. These children were

kept in the SMS-RUTF group for the in-

tention-to-treat analyses (ITT) but were ex-

cluded from the sample for the per proto-

col (PP) analyses” (quote). It is not reported

how missing data for the ITT analyses was

handled

Selective reporting (reporting bias) Unclear risk Comment: trial registration number: IS-

RCTN62376241, but it was retrospec-

tively registered. Expected outcomes were

prespecified and addressed. However, study

authors reported that, at each visit, care-

givers were asked about acceptability of the

RUTF; however, these results were not re-

ported

Other bias Unclear risk Comment: reported baseline characteris-

tics, except for median MUAC which was

significantly higher in the SMS-RUTF

(control) group, appeared balanced across

groups. Study authors reported that “a

greater proportion children in the SMS-

RUTF group had oedema, diarrhoea, de-

hydration or were undergoing TB treat-

ment on admission but these differences

were not statistically significant” (quote).

Block randomisation with blocks of 4 was

done, and in combination with no blind-

ing, this could have posed a risk to selection

bias according to section 8.15.1.3 in the

Cochrane Handbook of Systematic Reviews of
Interventions (Higgins 2017).
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Jadhav 2016

Methods Comparison addressed in this review: 1

Study design: individually randomised controlled trial

Study period: March 2011-June 2013

Country and setting: India, at the Nutrition Rehabilitation, Research and Training

Centre (NRRTC), situated at the Urban Health Centre, Dharavi,

which is associated with Lokmanya Tilak Municipal Medical College and General Hos-

pital, a tertiary care hospital situated in Mumbai

Sample size calculation: no, not reported

Child growth standards used for anthropometrical data: WHO Child Growth Stan-

dards 2006

Quality of anthropometrical measurements: not reported

Tested for peanut allergies: not reported

Participants Definition used for SAM: WHZ ≤ −3 or presence of bipedal oedema, or MUAC ≤

115 mm

Eligible age range: 6 months-5 years

All randomised children meet review eligibility criteria: yes

Total number randomised: 321 children

Inclusion criteria

1. SAM children

2. Caregivers gave written consent

Exclusion criteria

1. Children with underlying chronic illness

2. Unable to take oral feeds

3. Those already on nutritional supplements

4. Children who failed appetite test for 3 consecutive days

HIV and TB status and treatment: not reported

Baseline characteristics of experimental group: 69/129 = male; 33, 74 and 22 children

were aged between 6-12 months, 1-3 years and 3-5 years respectively; mean weight = 6.

7 (SD = 1.8) kg; mean height = 73.5 (SD = 10.2) cm; mean MUAC = 11.2 (SD = 1.2)

cm; breastfeeding = not reported

Baseline characteristics of control group: 54/113 = male; 45, 54 and 14 children were

aged between 6-12 months, 1-3 years and 3-5 years respectively; mean weight 6.8 (SD

2.0) kg; mean height = 75.4 (SD = 13.4) cm; mean MUAC = 11.6 (SD = 1.7) cm;

breastfeeding = not reported

Stabilised in hospital before start of study: yes, for all children. Experimental group

(n = 174): 45, 126 and 3 children were hospitalised for 1-10 days, 11-14 days and > 15

days respectively. Control group (n = 147): 34, 105 and 8 children were hospitalised for

1-10 days, 11-14 days and > 15 days respectively

Rehabilitation started in hospital: yes, all children were hospitalised pre-trial

Interventions Number of arms: 2

Maximum intervention duration: 8 weeks

Sample size experimental group: 174 children randomised

Sample size control group: 147 children randomised

Experimental intervention: “MNT” (quote). RUTF produced in local institution

kitchen. Contained 25% peanut paste, 24% skimmed milk powder, 28% sugar, 20.8%

soy bean oil, with added micronutrients. Provided 2343 kJ, 14.6% protein, 34.5% fat,

and 49.0% carbohydrate of 100 g product; kJ/kg/day not reported
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Control intervention: “SNT” (quote). High protein and high energy diet compris-

ing milk, sugar and oil, boiled eggs, banana, rice-green gram porridge with vegetables,

jaggery (non-refined sugar), and oil. 3% of product was protein (other macronutrient

composition not reported). Provided 732 kJ/kg/day

Other treatment: initially all children received a “F75 equivalent diet” (quote) containing

undiluted cow’s milk, puffed rice powder, sugar, oil and micronutrient premix during the

stabilisation phase for 2 days; then were given “F100 equivalent diet” (quote) containing

undiluted cow’s milk, sugar, oil and micronutrient premix until children passed the

appetite test. Caregivers of all children were counselled on good feeding practices, and

all children received antibiotics, vitamin A, and deworming

Risk that intervention was shared with siblings: yes. It is likely that in families who

were food insecure, RUTF was shared among siblings. There was the same risk in both

groups

Outcomes How often were children assessed during home-based rehabilitation? Once a week

Followed up after intervention period? Yes, monthly visits after the intervention until

6 months

Outcomes during or at the end of the intervention period

Primary outcomes

1. Recovery: yes, WHZ > −2 was seen as “normal” (quote)

2. Relapse: not a formal outcome, but where children were lost to follow-up we

assumed they did not receive treatment and thus deteriorated

3. Mortality: yes, reported in trial registry that it was an outcome but no results

provided

Secondary outcomes

1. Weight gain: yes, “calculated by dividing gain in weight by basal weight” (quote),

reported in g/kg/day

2. Time to recovery: no

3. WHZ: no

4. WAZ: no

5. Height gain: no

6. MUAC: no

7. Cognitive function: no

8. Adverse outcomes: yes, reported in trial registry that it was an outcome but no

results provided

9. Acceptability: no

Outcomes at follow-up after the intervention period

Primary outcomes

1. Recovery: yes, definition unclear

2. Mortality: yes, reported in trial registry that it was an outcome, but no results

provided

Secondary outcomes

1. WHZ: no

2. WAZ: no

3. Height gain: no

4. MUAC: no

5. Cognitive function: no

6. Adverse outcomes: no
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Notes Trial registry number: CTRI/2014/04/004523

Type of study report: published journal article

Contacted study author: yes. We obtained data for length of hospital stay per group,

clarity on the control intervention and duration of the intervention. We also requested

SDs for the outcome weight gain, but this was not obtained

Ethics approval: the “Staff Research Society Ethics committee of the LTM Medical

College and LTM General Hospital” (quote) approved the trial

Informed consent: informed written consent provided by the caretakers

Financial contributors: Toddler Food Partners based at Minneapolis, USA

Conflict of interest declared: study authors declared they have none.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “...computer generated sequence..

.”, but method of randomisation not re-

ported

Allocation concealment (selection bias) Unclear risk Comment: not reported

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Comment: blinding not done. However,

it is unlikely that the lack of blinding of

caregivers and study personnel could have

led to high risk of performance bias in chil-

dren for outcomes such as recovery, weight

gain and time to recovery. Children across

groups received the same contact time with

study personnel

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Comment: outcome assessors were not

blinded. The majority of outcomes were

dependent on anthropometrical measure-

ments. It is unclear how lack of blinding

affected outcome measurements

Incomplete outcome data (attrition bias)

All outcomes

High risk Comment: loss to follow-up was not dif-

ferential across groups (98/174 (56.3%) in

experimental group and 85/147 (57.8%) in

control group), but the total attrition was

large: 321 children were randomised, but

only 138 (43%) analysed at the end of the

intervention period

Selective reporting (reporting bias) Unclear risk Comment: trial registration number:

CTRI/2014/04/004523. More outcomes

were reported in the trial registry entry than

were reported in the article’s Results section
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(e.g. number of infection episodes, mortal-

ity), and time to recovery was reported in

the Results section of the article but was

not prespecified in the trial registry entry

Other bias High risk Comment: baseline characteristics were re-

ported per group and appear balanced.

However, baseline characteristics were only

provided for 129/174 and 113/147 for the

experimental and control groups respec-

tively

Jones 2015

Methods Comparison addressed in this review: 3

Study design: individually randomised controlled trial

Study period: June 2012-July 2013

Country and setting: coastal Kenya, at Kilifi County Hospital, which has an outpatient

therapeutic feeding programme

Sample size calculation: yes, erythrocyte n-3 polyunsaturated fatty acid

Child growth standards used for anthropometrical data: WHO Child Growth Stan-

dards 2006

Quality of anthropometrical measurements: not reported

Tested for peanut allergies: unclear if tests were done in all children, but those with

known allergy or hypersensitivity to any RUTF ingredients were excluded

Participants Definition used for SAM: MUAC < 11.5 cm, WHZ < −3 or bilateral pedal oedema

Eligible age range: 6-60 months

All randomised children meet review eligibility criteria: yes

Total number randomised: 61 children

Inclusion criteria

1. Children with SAM

2. Medically and nutritionally stabilised

3. Eligible to receive RUTF as per Kenyan guidelines

Exclusion criteria

1. Children who were HIV-infected

2. On treatment for TB

3. Had other recognised or suspected major chronic inflammatory conditions (e.g.

malignancy)

4. Reported allergy or hypersensitivity to any of the product ingredients

HIV and TB status and treatment: not reported whether all potentially eligible children

were tested for HIV and TB

Baseline characteristics of experimental group: 12/20 = male; median age = 18 (range

= 9-30) months; bilateral pedal oedema = 1/20; HAZ median = −3.11 (range = −3.

90 to -1.93); WHZ median = −3.11 (range = −4.43 to −1.89); MUAC median = 11.

2 (range = 10.9-11.4) cm; breastfeeding = 8/20; complementary feeds introduced at

median age = 5 (range = 2-6) months; diarrhoea = 11/20; pneumonia = 3/20; shock =

1/20; congenital heart disease = 3/20; cerebral palsy = 3/20

79Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Jones 2015 (Continued)

Baseline characteristics of control group: 10/20 = male; median age = 16 (range =

11-25) months; bilateral pedal oedema = 1/20; HAZ median = −3.36 (range = −4.

58 to −2.55); WHZ median = −3.31 (range = −3.88 to −2.90); MUAC median =

11.3 (range = 10.8-11.9) cm; breastfeeding = 8/20; complementary feeds introduced at

median age = 4 (range = 2-6) months; diarrhoea = 8/20; pneumonia = 3/20; shock = 2/

20; congenital heart disease = 1/20; cerebral palsy = 1/20

Stabilised in hospital before start of study: some children (number not reported) were

stabilised in hospital before enrolment into the study

Rehabilitation started in hospital: participants who required ongoing inpatient care

started rehabilitation in hospital but then continued rehabilitation at home

Interventions Number of arms: 3

Maximum intervention duration: 12 weeks

Sample size experimental group: 21 children

Sample size control group: 20 children

Experimental intervention: “S-RUTF” (quote) manufactured by Valid Nutrition

(Malawi). Contained 25% skimmed milk powder, 23% peanut paste, 29% sugar, 20%

vegetable oil and fat, with added micronutrients. Packaged in identical 92 g sachets.

Provided in dose determined by the child’s body weight according to national Kenyan

guidelines; if the child was still hungry, additional RUTF was offered. Was the only

foodstuff given, apart from breastfeeding, which was also allowed. After recovery (if it

was before 12 weeks), RUTF was provided as supplement to 50% of the usual diet

Control intervention: “F-RUTF” (quote) manufactured by Valid Nutrition (Malawi).

Contained 25% skimmed milk powder, 23% peanut paste, 29% sugar, 20% vegetable oil

and fat with the addition of cold-pressed flax seed oil from Seed Oil SA (Somerset West,

South Africa). Packaged in identical 92 g sachets. Provided in dose determined by the

child’s body weight according to national Kenyan guidelines; if the child was still hungry,

additional RUTF was offered; was the only foodstuff given, apart from breastfeeding,

which was also allowed. After recovery (if it was before 12 weeks), RUTF was provided

as supplement to 50% of the usual diet

Concomitant treatment: not reported

Risk that intervention was shared with siblings: yes. It is likely that in families who

were food insecure, RUTF was shared among siblings. There was the same risk in both

groups

Outcomes How often were children assessed during home-based rehabilitation? Once a week

for the first month, then once a month for the other 2 months

Followed up after intervention period? No

Outcomes during or at the end of the intervention period

Primary outcomes

1. Recovery: yes, MUAC > 11.5 cm or WHZ > −3 or no oedema (depending on

admission criteria) on 2 consecutive visits

2. Relapse: yes, lost to follow-up, including hospitalisation

3. Mortality: yes

Secondary outcomes

1. Weight gain: no

2. Time to recovery: no

3. WHZ: yes, change between enrolment and end of the intervention period

4. WAZ: no
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5. Height gain: no

6. HAZ: yes, change between enrolment and end of the intervention period

7. MUAC: yes, change between enrolment and end of the intervention period

8. Cognitive function: no

9. Adverse outcomes: yes, death and other serious adverse events, and total illness

episodes (including diarrhoea)

10. Acceptability: yes, compliance was measured by interviewing caregivers and

counting the full and empty sachets of RUTF at each visit

Notes Trial registry number: NCT01593969

Type of study report: published journal article

Contacted study authors: yes. We obtained the definition and results for recovery;

information on the RUTF ingredients; results for change in MUAC, WHZ and HAZ;

and clarity on the study RUTF that was stopped due to product peroxidation

Ethics approval: Kenya Medical Research Institute (KEMRI) ethical review committee

and the Oxford Tropical Research ethics committee

Informed consent: individual written informed consent from a caregiver.

Financial contributors: the Bill & Melinda Gates Foundation through the Grand Chal-

lenges Explorations initiative (OPP1046183) and by The Wellcome Trust via Fellow-

ships to KDJJ (092088) and JAB (083579)

Conflict of interest declared: yes. Study author “SC is the non-executive chairman of

Valid Nutrition, a charity that is a commercial manufacturer of ready-to-use foods and

manufactured the investigational RUTF products in this study. The other study authors

declare no competing interests.” (quote)

Other: in May 2013, provision of all study RUTF was stopped due to peroxidation of the

control group’s F-RUTF. The children who were still on RUTF at that time were switched

to standard RUTF supplied by Kenya’s Ministry of Health, but all these participants

were followed up for the full study duration and included in the ITT analyses

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “A randomization list was gen-

erated in STATA… with variable block

sizes…”

Allocation concealment (selection bias) Low risk Quote: “The trial statistician prepared 60

opaque envelopes labeled with study num-

bers, inside each of which was a card identi-

fying a four-digit RUTF code…”; “When

a participant was enrolled in the trial they

were allocated the next consecutively avail-

able study number, which was entered on

the allocation log prior to opening the rel-

evant envelope.”; and “Access to the allo-

cation key was restricted to manufacturers

and the trial statistician.”
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Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “The trial was conducted double-

blind between the S-RUTF and F-RUTF

arms…”; “Both… RUTFs were packaged

in identical 92 g sachets…”; “The two

recipes were organoleptically indistinguish-

able.”

Comment: children across groups received

the same contact time with study personnel

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Quote: “The trial was conducted double-

blind between the S-RUTF and F-RUTF

arms…”; “Both… RUTFs were packaged

in identical 92 g sachets…”; “The two

recipes were organoleptically indistinguish-

able.”

Comment: it is likely that the outcome as-

sessors were blinded.

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Comment: while only 1/20 children from

the experimental group compared to 0/20

from the control group was excluded from

the study after randomisation, and in both

groups 2/20 discontinued due to high per-

oxide levels in the RUTFs, 1/20 (5%) from

the experimental group compared to 5/20

(25%) participants from the control group

voluntarily withdrew. No reason other than

“withdrawn at parental request” (quote)

was provided. In each group, 20 partici-

pants were analysed based on “intention-

to-treat analysis” (quote) according to study

authors. However, it is not reported how

missing data for the children who withdrew

from participation, or for those who dis-

continued early, was handled

Selective reporting (reporting bias) Unclear risk Comment: trial registration number:

NCT01593969. More outcomes were re-

ported in the Results section of the article

than were prespecified in the trial registry

entry (e.g. safety, acceptability) and Meth-

ods section of the article (e.g. HAZ). Fur-

thermore, in the Methods section of the ar-

ticle, it is reported that data for rate of re-

covery were collected and reported; how-

ever, such numerical data were not reported

in the article
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Other bias Low risk Comment: nutritional baseline character-

istics were reported per group and appear

fairly similar. The study authors reported

that the groups were “comparable at base-

line” (quote)

Kerac 2009

Methods Comparison addressed in this review: 3

Study design: individually randomised controlled trial

Study period: July 2006-March 2007.

Country and setting: Malawi, MOYO nutrition rehabilitation unit, Queen Elizabeth

Central Hospital

Sample size calculation: yes, recovery

Child growth standards used for anthropometrical data: NCHS reference

Quality of anthropometrical measurements: followed anthropometrical protocols in

line with research standards, and measurements for weight, length and MUAC adequately

described

Tested for peanut allergies: not reported

Participants Definition used for SAM: WHZ < 70% of the median, nutritional oedema (kwash-

iorkor), or MUAC < 11 cm

Eligible age range: 5-168 months

All randomised children meet review eligibility criteria: no, but the subgroup 6-60

months is eligible for our review and some analyses were performed separately

Total number randomised: 795 children, of which 651 (81.9%) children in the eligible

subgroup

Inclusion criteria: “All children [with SAM] admitted to the nutrition rehabilitation

unit were eligible...”

Exclusion criteria: children of caregivers who declined consent. From our eligible sub-

group, children meeting ≥ 1 of the following were excluded: age > 60 or < 6 months,

cerebral palsy or disability, weight of < 4 kg, surgical problem or complicated MAM

HIV and TB status and treatment? Routine HIV counselling and testing took place,

and HIV status was known for 755/795 (95%) of all study children. In the experimental

group, 153/318 children were HIV-infected and 154/318 HIV-uninfected whereas for

the control group it was 141/333 and 173/333 respectively. There was a waiting list

for ARV and most children did not start such treatment during the study period. The

number of study children who ever had TB, who had a diagnostic test as inpatient, and

who were diagnosed with TB at any point in time during the study was similar across

groups (data for our eligible subgroup were not reported)

Baseline characteristics of experimental group: not available for the eligible subgroup

Baseline characteristics of control group: not available for the eligible subgroup

Stabilised in hospital before start of study? All children were stabilised as inpatients,

and the study started when a child progressed to the rehabilitation phase

Rehabilitation started in hospital: all participants started rehabilitation with RUTF as

inpatients, but the majority of the intervention period was at home
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Interventions Number of arms: 2

Maximum intervention duration: 10 weeks

Sample size experimental group: 396 children (318 in our eligible subgroup)

Sample size control group: 399 children (333 in our eligible subgroup)

Experimental intervention: “Control” (quote): S-RUTF produced in a factory in

Malawi. Contained 25% peanut butter, 30% full fat milk powder, 28% sugar, 15%

vegetable oil, with added micronutrients. Packaging not reported. Provided 837 kJ/kg/

day

Control intervention: “Synbiotic” (quote). S-RUTF plus Synbiotic2000 Forte

(Medipharm, Sweden). Freeze-dried synbiotic powder was factory-mixed into RUTF at a

weight ratio of 1:50. Synbiotic constituents were 4 different probiotic lactic acid bacteria

(meeting the “prescribed average dose of more than 1x1010 colony-forming units”) and

4 prebiotic fermentable bioactive fibres. Packaging not reported. Provided 837 kJ/kg/

day

Concomitant treatment: all children received a 7-day course of co-trimoxazole, and

HIV-infected children continued with such prophylaxis long term. According to clinical

need, some children also received parenteral second-line and third-line antibiotics

Risk that intervention was shared with siblings: yes. It is likely that in families who

were food insecure, RUTF was shared among siblings. There was the same risk in both

groups

Outcomes How often were children assessed during home-based rehabilitation? Once every 2

weeks

Followed up after intervention period? No

Outcomes during or at the end of the intervention period (for our eligible subgroup

separately)

Primary outcomes

1. Recovery: yes, WHZ ≥ 80% for 2 consecutive visits

2. Relapse: yes, defaulters, readmissions to inpatient care and lost to follow-up

3. Mortality: yes

Secondary outcomes

1. Weight gain: yes, change between the minimum, non-oedematous, inpatient

weight and the end of the intervention period

2. Time to recovery: yes, days to cure across all children in the eligible subgroup

3. WHZ: no

4. WAZ: no

5. Height gain: no

6. MUAC: no

7. Cognitive function: no

8. Adverse outcomes: no

9. Acceptability: no

Notes Trial registry number: ISRCTN19364765

Type of study report: published journal article and PhD thesis

Contacted study authors: yes. We obtained the link to the PhD thesis, clarity on

the duration of the inpatient and outpatient rehabilitation, as well as useful contextual

information

Ethics approval: College of Medicine Research and Ethics Committee (Malawi) and

the Institute of Child Health (UK)
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Informed consent: written informed consent from caregivers

Financial contributors: Department for International Development (DfID)

Conflict of interest declared: yes. Study author “SC is an unpaid director of Valid

Nutrition, a charity that produces ready-to-use therapeutic food in developing countries”

(quote). The other study authors declared no conflicts of interest

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “A random sequence for the two

study groups was computer generated in-

dependently of the field team. Permuted

blocks of 50 (25 group 1 and 25 group 2

per block) ensured balanced groups for in-

terim safety analysis.”

Allocation concealment (selection bias) Low risk Quote: “An independent volunteer in-

serted one of two sticky labels (printed

group 1 and group 2) into sealed, opaque,

sequentially numbered envelopes.”

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “...double blind. Taste, colour, and

texture of standard (control) and interven-

tion (Synbiotic) food were indistinguish-

able, so patients were blind to their group

allocation... Project field staff were unaware

of whether group 1 or 2 contained the Syn-

biotic.”

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Quote: “They [field staff ] were also blind

to allocation when assessing or managing a

patient.”

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Comment: loss to follow-up was small

and not differential: 33/318 from exper-

imental group compared to 28/333 from

control group. However, only a subgroup

of randomised participants was eligible to

be included in our review, and it is un-

clear whether randomisation in this smaller

group was preserved

Selective reporting (reporting bias) Low risk Comment: trial registration number: IS-

RCTN19364765. The outcomes prespec-

ified in the trial register were also reported

in the Methods section of the article, and

addressed in the Results section
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Other bias Unclear risk Comment: baseline characteristics re-

ported per group; however, the characteris-

tics of the subgroup of children relevant to

our review were not reported

Manary 2004

Methods Comparison addressed in this review: 1 and 2

Study design: quasi-randomised controlled trial; systematically allocated clusters that

were the day of the child’s discharge in the month

Study period: January-October 2001

Country and setting: Malawi; outpatients from the Queen Elizabeth Central Hospital

in Blantyre

Sample size calculation? Yes, recovery

Child growth standards used for anthropometrical data? NCHS reference population.

Quality of anthropometrical measurements: not reported

Tested for peanut allergy: Yes, no child found to be allergic

Participants Definition used for SAM: not reported

Eligible age range: > 12 months

All randomised children meet review eligibility criteria: yes

Total number randomised: 282 children (effective sample size = 275)

Inclusion criteria

1. Children with SAM

2. Discharged from the study hospital

Exclusion criteria: HIV-infection, as determined by ELISA where positive tests were

confirmed with “a second test” (quote)

HIV and TB status and treatment: only children known to be HIV-uninfected were

included; nothing about TB comorbidity reported

Baseline characteristics of experimental group, “RUTF” (quote): 42/69 = male; mean

age = 29 (SD = 18) months; oedema during hospitalisation = 56/69; mean length of

hospital stay = 13 (SD 9) days; mean WAZ = −3.4 (SD = 1.3); mean HAZ = −3.5 (SD

= 2.0); mean WHZ = −1.8 (SD = 0.8); mean MUAC = 12.0 (SD = 1.7) cm; mean age

weaned = 19 (SD = 7 months

Baseline characteristics of control group, “RUTF supplement” (quote): 56/96 =

male; mean age = 28 (SD = 14) months; oedema during hospitalisation = 77/96; mean

length of hospital stay = 14 (SD = 8) days; mean WAZ = −3.6 (SD = 1.1); mean HAZ

= −3.7 (SD = 1.6); mean WHZ = − 2.0 (SD = 0.9); mean MUAC = 11.9 (SD = 1.5)

cm; mean age weaned = 20 (SD = 7) months

Baseline characteristics of control group, “Maize/soy flour” (quote): 69/117 = males;

mean age = 29 (SD = 13) months; oedema during hospitalisation = 98/117; mean length

of hospital stay = 11 (SD = 5) days; mean WAZ = −3.4 (SD = 1.0); mean HAZ = −3.6

(SD = 1.3); mean WHZ = −1.9 (SD = 1.0); mean MUAC = 11.9 (SD = 1.8) cm; mean

age weaned 19 = (SD = 7) months

Stabilised in hospital before start of study? yes, all children were hospitalised pre-trial

Rehabilitation started in hospital: no
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Interventions Number of arms: 3

Number of arms used in this review: all 3

Maximum intervention duration: 16 weeks

Sample size experimental group, “RUTF” (quote): 69 randomised (effective sample

size = 68)

Sample size control group, “RUTF supplement” (quote): 96 randomised (effective

sample size = 94)

Sample size control group, “Maize/soy flour” (quote): 117 randomised (effective

sample size = 114)

Experimental intervention: “RUTF” (quote). S-RUTF given in enough quantities to

meet total daily nutritional requirements; produced in a factory (Nutriset, Malaunay,

France). Contained peanut butter, milk powder, oil, sugar and micronutrients. Product’s

energy density = 23 kJ/g. Packaging not reported. Provided 733 kJ/kg/day. Received, on

average, 276 g/day

Control intervention 1: “RUTF supplement” (quote). S-RUTF given as supplement;

produced in a factory (Nutriset, Malaunay, France). Contained peanut butter, milk

powder, oil, sugar and micronutrients. Product’s energy density = 26 kJ/g. Packaging not

reported. Providing 2090 kJ/day. Received 92 g/day

Control intervention 2: “Maize/soy flour” (quote). Unfortified blended flour of 80%

maize and 20% soy, plus a micronutrient supplement. Assumed to be locally produced.

Prepared by caregiver as “nzima” (quote). Provided 4 kJ/g. Received 2400 g/day dry

product (enough for whole family)

Concomitant treatment: not reported for rehabilitation phase

Risk that intervention was shared with siblings: yes. There was risk of sharing in the

2 RUTF groups but not in the maize and soy flour blend control group, as enough flour

were given for sharing within the family

Outcomes How often were children assessed during home-based rehabilitation? Once every 2

weeks

Followed up after intervention period? Yes, at 6 months after the intervention ended

Outcomes during or at the end of the intervention period

Primary outcomes

1. Recovery: yes, WHZ > 0 within 16 weeks of intervention

2. Relapse: yes, recurrence of oedema or systemic infection over 16 weeks of

intervention

3. Mortality: yes

Secondary outcomes

1. Weight gain: yes, in g/kg/day during the first 4 weeks of the intervention period

2. Time to recovery: yes, time to reach full catch-up growth in days in children who

recovered only

3. WHZ: no

4. Height gain: yes, change in mm/day during the first 4 weeks of the intervention

period

5. HAZ: no

6. MUAC: yes, in mm/day during the first 4 weeks of the intervention period

7. Cognitive function: no

8. Adverse outcomes: yes, days of diarrhoea divided by the “total days” (quote)

during the first two weeks of the treatment period
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Outcomes at follow-up after the intervention period (only for children who recov-

ered during intervention period)

Primary outcomes

1. Recovery: no

2. Relapse: yes, being wasted or lost > 1 WHZ since recovery during the trial;

however, results were not reported per intervention group

3. Mortality: no

Secondary outcomes

1. WHZ: yes, end values at 6 months after the intervention period

2. WAZ: no

3. Height gain: no

4. HAZ: no

5. MUAC: no

6. Cognitive function: no

7. Adverse outcomes: no

Notes Trial registry number: not reported

Type of study report: published journal article

Contacted study authors: yes. We obtained the definition of time to recovery, results

separately for participants who died or relapsed, the definition of time to recovery, and

results for recovery at follow-up

Ethics approval: College of Medicine Research Committee of the University of Malawi;

Human Studies Committee of Washington University in St Louis

Informed consent: obtained; not reported whether it was provided orally or in writing

Financial contributors: Allen Foundation; Craig and Benith MacPherson; RUTF do-

nated by Nutriset (Malaunay, France)

Conflict of interest declared: not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Quote: “...systematic allocation deter-

mined by the day of the child’s discharge in

the month”

Allocation concealment (selection bias) High risk Comment: quasi-randomised study; there-

fore, prediction of next allocation possible

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Comment: blinding not done because

the experimental and control interventions

looked very different. However, it is un-

likely that the lack of blinding of caregivers

and study personnel could have led to high

risk of performance bias in children for

outcomes such as recovery, relapse, mortal-

ity, weight gain and time to recovery. Chil-

dren across groups received the same con-

tact time with study personnel
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Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Comment: outcome assessors were not

blinded. The majority of outcomes were

dependent on anthropometrical measure-

ments. It is unclear how lack of blinding

affected outcome measurements

Incomplete outcome data (attrition bias)

All outcomes

High risk Comment: differential loss to follow-up:

7/69 (10.1%), 25/96 (26.0%) and 15/

117 (12.8%) children dropped out of the

RUTF, RUTF supplement, and maize and

soy flour blend groups respectively

Selective reporting (reporting bias) Unclear risk Comment: protocol and trial registration

entry not available, but expected outcomes

were stated in the Methods section and ad-

dressed in the Results section

Other bias Low risk Comment: apart from length of hospital

stay, where the control group with 11 days

differed slightly from the RUTF (13 days)

and RUTF supplement groups (14 days)

, baseline characteristics appear balanced

across groups and the study authors re-

ported that there were no differences in

baseline characteristics

Ndekha 2005

Methods Comparison addressed in this review: 1 and 2

Study design: quasi-randomised controlled trial; systematically allocated clusters that

were the week of the child’s discharge in the month

Study period: January-September 2001

Country and setting: Malawi; outpatients from the Queen Elizabeth Central Hospital

in Blantyre

Sample size calculation: not reported

Reference standard for anthropometrical data: NCHS reference population

Quality of anthropometrical measurements: not reported

Tested for peanut allergy: probably, because in Manary 2004 it is reported that “no

evidence of peanut allergy was found in this whole population” (quote)

Participants Definition used for SAM: not reported

Eligible age range: 12-60 months

All randomised children meet review eligibility criteria: yes

Total number randomised: 93 children (effective sample size = 93)

Inclusion criteria

1. SAM children

2. With HIV infection (ELISA; positive test results were confirmed by Western blot)

3. Discharged from the study hospital
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Exclusion criteria: not reported

HIV and TB treatment: no participant received ARV as it was not available in the

country at the time. Nothing about TB comorbidity reported

Baseline characteristics of experimental group, “RUTF” (quote): 11/20 = male; mean

age = 25 (SD = 10) months; oedema during hospitalisation = 13/20; mean length of

hospital stay = 13 (SD = 12) days; mean WAZ = −3.6 (SD = 0.9); mean HAZ = −3.6

(SD = 1.0); mean WHZ = −2.0 (SD = 1.1); mean MUAC = 11.2 (SD = 1.7) cm

Baseline characteristics of control group, “RUTF supplement” (quote): 14/28 =

male; mean age = 27 (SD = 16) months; oedema during hospitalisation = 11/28; mean

length of hospital stay = 11 (SD = 6) days; mean WAZ = −4.0 (SD = 1.0); mean HAZ =

−3.4 (SD = 1.5); mean WHZ = −2.8 (SD = 0.9); mean MUAC = 10.6 (SD = 1.4) cm

Baseline characteristics of control group, “Maize/soy flour” (quote): 23/45 = male;

mean age = 24 (SD = 9) months; oedema during hospitalisation = 19/45; mean length

of hospital stay = 14 (SD = 7) days; mean WAZ = −3.7 (SD = 0.9); mean HAZ = −4.0

(SD = 1.3); mean WHZ = −1.8 (SD = 0.8); mean MUAC = 11.3 (SD = 1.5) cm

Stabilised in hospital before start of study: yes, all children were hospitalised pre-trial

Rehabilitation started in hospital: no

Interventions Number of arms: 3

Number of arms used in this review: all 3

Maximum intervention duration: “some weeks” (quote)

Sample size experimental group, “RUTF” (quote): 20 randomised (effective sample

size = 20)

Sample size control group, “RUTF supplement” (quote): 28 randomised (effective

sample size = 28)

Sample size control group, “Maize/soy” (quote): 45 randomised (effective sample size

= 45)

Experimental intervention: “RUTF” (quote). S-RUTF given in enough quantities to

meet total daily nutritional requirements; produced in a factory (Nutriset, Malaunay,

France). Contained peanut butter, milk powder, oil, sugar and micronutrients; product’s

energy density = 23 kJ/g. Packaging not reported. Provided 733 kJ/kg/day. Received, on

average, 276 g/day

Control intervention: “RUTF supplement” (quote). S-RUTF given as supplement;

produced in a factory (Nutriset, Malaunay, France). Contained peanut butter, milk

powder, oil, sugar and micronutrients; product’s energy density = 26 kJ/g. Packaging not

reported. Providing 2090 kJ/day. Received 92 g/day

Control intervention: “Maize/soy flour” (quote). Unfortified blended flour of 80%

maize and 20% soy, plus a micronutrient supplement. Assumed to be locally produced.

Prepared by caregiver as “nzima”. Provided 4 kJ/g. Received 2400 g/day dry product

(enough for whole family)

Concomitant treatment: not reported for rehabilitation phase

Risk that intervention was shared with siblings: yes. There was risk of sharing in the

two RUTF groups but not in the maize and soy flour blend control group, as enough

flour were given for sharing within the family

Outcomes How often were children assessed during home-based rehabilitation? Once every 2

weeks

Followed up after intervention period? Yes, at 6 months after the intervention ended

Outcomes during or at the end of the intervention period
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Primary outcomes

1. Recovery: yes, 100% weight for height within “some weeks” (quote) of

intervention

2. Relapse: yes, hospitalisation and lost to follow-up over “some weeks” (quote) of

intervention

3. Mortality: yes

4. Time to recovery: yes, measured in days across all children

Secondary outcomes

1. Weight gain: yes, change in g/kg/day between baseline and week 4 of the

intervention period

2. Length/height: yes, change in mm/day in “statural growth” (quote) over first 4

weeks of intervention period

3. MUAC: yes, change in mm/day between baseline and week 4 of the intervention

period

4. Adverse outcomes: yes, days of diarrhoea divided by the “total days” (quote)

during the first 2 weeks of the treatment period

5. Acceptability: no

Outcomes at follow-up after the intervention period (only for children who recov-

ered during intervention period)

Primary outcomes

1. Recovery: no

2. Relapse: yes, being wasted or lost > 1 WHZ since recovery during the trial;

however, results were not reported per intervention group

3. Mortality: no

Secondary outcomes

1. WHZ: yes, end values at 6 months after the intervention period

2. WAZ: no

3. Height gain: no

4. HAZ: no

5. MUAC: no

6. Cognitive function: no

7. Adverse outcomes: no

Notes Trial registry number: not reported

Type of study report: published journal article

Contacted study authors: yes. We obtained the number of clusters that were ran-

domised, and clarity on how diarrhoea was measured

Ethics approval: College of Medicine Research Committee of the University of Malawi;

Human Studies Committee of Washington University in St Louis

Informed consent: obtained; not reported whether provided orally or in writing

Financial contributors: Allen Foundation; Craig and Benith MacPherson; RUTF do-

nated by Nutriset (Malaunay, France)

Conflict of interest declared: not reported

Risk of bias

Bias Authors’ judgement Support for judgement
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Random sequence generation (selection

bias)

High risk Quote: “...systematically allocated...based

on their week of discharge from the hospi-

tal”

Allocation concealment (selection bias) High risk Comment: quasi-randomised study; there-

fore, prediction of next allocation possible

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Comment: blinding not done because

the experimental and control interventions

looked very different. However, it is un-

likely that the lack of blinding of caregivers

and study personnel could have led to high

risk of performance bias in children for

outcomes such as recovery, relapse, mortal-

ity, weight gain and time to recovery. Chil-

dren across groups received the same con-

tact time with study personnel

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Comment: outcome assessors were not

blinded. The majority of outcomes were

dependent on anthropometrical measure-

ments. It is unclear how lack of blinding

affected outcome measurements

Incomplete outcome data (attrition bias)

All outcomes

High risk Comment: differential loss to follow-up: 2/

20 (10%), 8/28 (28.6%) and 7/45 (15.6%)

children dropped out of the RUTF, RUTF

supplement, and maize and soy flour blend

groups respectively

Selective reporting (reporting bias) Unclear risk Comment: protocol not available. Ex-

pected outcomes were prespecified in the

Methods section and addressed in the Re-

sults section. However, although results for

“time to recovery” (quote) were reported,

they were not prespecified in the Methods

section as an outcome

Other bias Low risk Comment: during hospitalisation, 65%

(13/30), 39% (11/28), and 42% (19/45)

of children from the RUTF, RUTF supple-

ment, and maize and soy flour blend groups

respectively, had oedema. This is likely be-

cause of chance as other baseline character-

istics appear similar across groups
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Oakley 2010

Methods Comparison addressed in this review: 3

Study design: individually randomised controlled trial

Study period: July 2008-April 2009

Country and setting: southern Malawi, 15 rural study sites

Sample size calculation: yes, recovery rate

Child growth standards used for anthropometrical data: WHO Child Growth Stan-

dards 2006

Quality of anthropometrical measurements: performed by trained personnel; scales

were calibrated weekly; weight, length/height and MUAC adequately described

Tested for peanut allergy: not reported

Participants Definition used for SAM: WHZ < −3 or having bipedal pitting oedema, or both

Eligible age range: 6-59 months

All randomised children meet review eligibility criteria: yes

Total number randomised: 1874 children

Inclusion criteria

1. SAM children

2. Good appetite

Exclusion criteria

1. Children with chronic illness, including HIV

2. Having participated in a treatment programme for SAM within the past 3 months

HIV and TB status and treatment: not reported whether all potentially eligible children

were tested for HIV. Nothing about TB comorbidity was reported

Baseline characteristics of experimental group: 432/945 = male; mean age = 19.2 (SD

= 9.9) months; oedema = 737/945; mean WAZ = −3.1 (SD = 1.2); mean HAZ = −3.0

(SD = 1.5); mean WHZ = −2.1 (SD = 1.2); mean MUAC = 12.1 (SD = 1.3) cm; prior

treatment for malnutrition = 156/937; mother with HIV = 44/945; still being breastfed

= 555/938; diarrhoea on admission = 419/945; fever on admission = 524/945; cough

on admission = 441/945; vomiting on admission = 221/945

Baseline characteristics of control group: 388/929 = male; mean age = 19.5 (SD =

9.7) months; oedema = 721/929; mean WAZ = −3.1 (SD = 1.2); mean HAZ = −3.0

(SD = 1.5); mean WHZ = −2.0 (SD = 1.2); mean MUAC = 12.2 (SD = 1.3) cm; prior

treatment for malnutrition = 145/922; mother with HIV = 34/929; still being breastfed

= 539/925; diarrhoea on admission = 387/929; fever on admission = 549/929; cough

on admission = 462/929; vomiting on admission= 209/929

Stabilised in hospital before start of study: no

Rehabilitation started in hospital: no

Interventions Number of arms: 2

Maximum intervention duration: 8 weeks

Sample size experimental group: 945 children randomised

Sample size control group: 929 children randomised

Experimental intervention: “25% milk RUTF” (quote). Standard RUTF locally pro-

duced in a factory. Contained 25% skimmed milk powder, 26% peanut paste, as well as

added micronutrients. Provided 2000 kJ/100 g, protein = 15% of product, fat = 40% of

product. Packaged in 245 g plastic jars. Provided 733 kJ/kg/day

Control intervention: “10% milk RUTF” (quote). RUTF locally produced in a factory.

Contained 10% skimmed milk powder, 15% unprocessed soy flour, 26% peanut paste,

as well as added micronutrients. Provided 2000 kJ/100 g, protein = 15% of product, fat

93Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Oakley 2010 (Continued)

= 40% of product. Packaged in 245 g plastic jars. Provided 733 kJ/kg/day

Concomitant treatment: not reported

Risk that intervention was shared with siblings: it is likely that in families who were

food insecure, RUTF was shared among siblings. There was a risk of sharing in both

groups, although the caregivers were asked to treat the RUTF like medical therapy, and

that it should not be mixed or diluted in porridge

Outcomes How often were children assessed during home-based rehabilitation? Once every 2

weeks

Followed up after intervention period? No

Outcomes during or at the end of the intervention period

Primary outcomes

1. Recovery: yes, WHZ > −2 and no edema within 8 weeks of intervention

2. Relapse: yes, remained wasted after 4 consecutive visits, or clinically worsened,

and referred to hospital within 8 weeks of intervention

3. Mortality: yes

Secondary outcomes

1. Weight gain: yes, change in g/kg/day between baseline and 8 weeks of

intervention

2. Time to recovery: no

3. WHZ: yes, end value after 8 weeks of intervention

4. WAZ: yes, end value after 8 weeks of intervention

5. Height gain: yes, in mm/day, calculated over the entire duration of therapy

6. HAZ: yes, end value after 8 weeks of intervention

7. MUAC: yes, in mm/day, calculated over 8 weeks of intervention

8. Cognitive function: no

9. Adverse outcomes: yes, diarrhoea measured in number of days

10. Acceptability: no

Notes Trial registry number: ISRCTN54186063

Type of study report: published journal article

Contacted study authors: yes. We obtained information from the study author that

no children were stabilised in hospital pre-trial and confirmed the number of children

randomised

Ethics approval: College of Medicine Research and Ethics Committee of the University

of Malawi; Human Studies Committee of Washington University School of Medicine,

USA

Informed consent: caregivers gave oral and written consent.

Financial contributors: Hickey Family Foundation; Academy for Educational Devel-

opment; NIH grant T32 HD049338

Conflict of interest declared: yes. Study authors declared they had none.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Children were randomly assigned

with equal probability to either 25% milk

RUTF or 10% milk RUTF... Randomiza-
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tion was blocked for the entire study...”

Allocation concealment (selection bias) Low risk Quote: “To allocate children to a food

group, caretakers chose a sealed envelope

that contained 1 of 6 letters: 3 of these let-

ter corresponded to the 25% milk formu-

lation and 3 to the 10% milk formulation.

”

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “Caretakers, field workers, and in-

vestigators assessing the children remained

unaware of what type of food each child

received for the duration of the study.”

Comment: it is not reported how blinding

was done, but it is unlikely that children’s

outcomes such as recovery, relapse, mortal-

ity, weight gain and time to recovery, could

have been influenced by a lack of blinding.

Children across groups received the same

contact time with study personnel

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Quote: “Caretakers, field workers, and in-

vestigators assessing the children remained

unaware of what type of food each child

received for the duration of the study.”

Comment: it is not reported how blind-

ing was done - it is not clear from the arti-

cle whether the 2 RUTF products looked,

tasted and were packaged identically

Incomplete outcome data (attrition bias)

All outcomes

Low risk Comment: loss to follow-up small and not

differential: 28/945 (3%) from the stan-

dard RUTF group compared to 23/929 (2.

5%) from the RUTF group containing less

milk powder were lost to follow-up

Selective reporting (reporting bias) Unclear risk Comment: trial registration number: IS-

RCTN54186063. Number of days of diar-

rhoea were prespecified in the trial registry

entry, and in the article, it was described

that data for this outcome were collected.

However, these results were not reported

Other bias Low risk Comment: baseline characteristics for all

randomised children across groups appear

balanced

95Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Shewade 2013

Methods Comparison addressed in this review: 1

Study design: individually randomised controlled trial

Study period: 2011

Country and setting: Chandigarh, India in 12 urban “anganwadi” (quote) centres

Sample size calculation: yes, for recovery

Child growth standards used for anthropometrical data: WHO Child Growth Stan-

dards 2006

Quality of anthropometrical measurements: outcome assessors were trained; equip-

ment calibration was done weekly; weight and length/height measurements were well

described, but nothing about MUAC reported

Tested for peanut allergies: not reported

Participants Definition used for SAM: WHZ < −3 or MUAC < 115 mm

Eligible age range: 6 months-5 years

All randomised children meet review eligibility criteria: yes

Total number randomised: 26 children

Inclusion criteria

1. Uncomplicated SAM children

2. Good appetite

3. Alert and clinically well

4. Staying in the area for at least 6 months

Exclusion criteria

1. Complicated SAM children, i.e. with any of the following: anorexia, not alert,

high fever, severe pallor, severe dehydration, lower respiratory tract infection, bipedal

oedema and “visible severe wasting” (quote)

HIV and TB status and treatment? not reported

Baseline characteristics of experimental group: 3/13 = male; mean age = 28 (SD =

16) months; mean HAZ = −3.44 (SD = 1.36); mean WAZ = −4.28 (SD = 0.9); mean

WHZ = −3.47 (SD = 0.88)

Baseline characteristics of control group: 10/13 = male; mean age = 30 (SD = 14)

months; mean HAZ = −2.81 (SD = 1.85); mean WAZ = −3.63 (SD = 0.96); mean

WHZ = −3.18 (SD = 0.32)

Stabilised in hospital before start of study: no

Rehabilitation started in hospital: no

Interventions Number of arms: 2

Maximum intervention duration: 12 weeks

Sample size experimental group: 13 children

Sample size control group: 13 children

Experimental intervention: RUTF locally prepared by trained personnel once a week

in the institution kitchen. Made from 30% skimmed milk powder, 26% sugar, 2.5%

soy oil, 14.5% palm oil, 27% peanuts, with added micronutrients. Provided 2167 kJ

per 100 g, 14% protein and 49% fat of total energy; at 837 kJ/kg/day. RUTF packets

given weekly to family. In addition to RUTF, children also received feeding counselling

and supplementary nutrition (not described) from the Anganwadi, as per guidelines for

management for malnutrition under the Integrated Child Development Scheme (ICDS)

: 3347 kJ energy and 20-25 g protein/day

Control intervention: children received feeding counselling and supplementary nutri-

tion (not described) from the Anganwadi, as per guidelines for management for malnu-
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trition under the Integrated Child Development Scheme (ICDS): 3347 kJ energy and

20 to 25 g protein per day

Concomitant treatment: “case management” (quote) was done, but detail not reported

Risk that intervention was shared with siblings: it is likely that in families who were

food insecure, RUTF was shared among siblings. There was a risk in the experimental

group only, although the mothers were asked to “treat RUTF like medicine” (quote) and

not to share with siblings

Outcomes How often were children assessed during home-based rehabilitation? Once a week

Followed up after intervention period? No

Outcomes during or at the end of the intervention period

Primary outcomes

1. Recovery: yes, reaching 115% of baseline weight

2. Relapse: no

3. Mortality: no

Secondary outcomes

1. Weight gain: yes, average change in g/kg/week across the duration of the

intervention period

2. Time to recovery: no

3. WHZ: yes, the study authors measured WHZ and used the data in linear

regression, but change or end values per group not reported

4. WAZ: no

5. Height gain: no

6. HAZ: no

7. MUAC: no

8. Cognitive function: no

9. Adverse outcomes: no

10. Acceptability: yes, compliance in the experimental group was measured by asking

mothers to return empty RUTF packets on a weekly basis

Notes Trial registry number: CTRI/2011/12/002259

Type of study report: published journal article

Contacted study authors: no

Ethics approval: yes, “Institute ethics committee approval was obtained” (quote)

Informed consent: informed consent was obtained from caregivers but it is unclear

whether it was provided in writing or orally

Financial contributors: Indian Association of Preventive and Social Medicine (IAPSM)

Ford Foundation Epidemiological Research grant, 2011-12

Conflict of interest declared: not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “An independent statistician pre-

pared random sequence using block ran-

domization (block size 4) by randomly se-

lecting the blocks.”; and “…using a com-

puter-generated randomization sequence”
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Allocation concealment (selection bias) Low risk Quote: “Allocation concealment was done

using numbered, opaque, sealed envelopes.

”

Comment: not reported whether en-

velopes were consecutively numbered, but

it was probably done

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “Blinding of study and control

group could not be done for obvious rea-

sons.”

Comment: it is unlikely that the lack of

blinding of caregivers and study person-

nel could have led to a high risk of perfor-

mance bias in children for outcomes such as

recovery and weight gain. Children across

groups received similar contact time with

study personnel

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Comment: outcome assessors were not

blinded. The majority of outcomes were

dependent on anthropometrical measure-

ments. It unclear how lack of blinding af-

fected outcome measurements

Quote: “We tried to limit bias by asking

the medical social worker to measure the

children in a separate room before the start

of the weekly OTP.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk Comment: no children were lost to follow-

up.

Selective reporting (reporting bias) Unclear risk Comment: trial registration number:

CTRI/2011/12/002259. Recovery was the

only outcome prespecified in the trial reg-

ister and in the Methods section of the ar-

ticle. Weight gain was reported in the Re-

sults section. WHZ was also measured but

results were not reported per group

Other bias Unclear risk Comment: few baseline characteristics per

group were provided. The WAZ and HAZ

scores in the experimental group appear

lower than those in the control group, and

the experimental group had 23% male par-

ticipants (3/13) while the control group

had 77% (10/13) male participants. Block

randomisation with blocks of 4 was done,

and in combination with no blinding, this
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could have posed a risk to selection bias ac-

cording to section 8.15.1.3 in the Cochrane
Handbook of Systematic Reviews of Interven-
tions (Higgins 2017).

Sigh 2018

Methods Comparison addressed in this review: 3

Study design: individually randomised, controlled, superiority trial

Study period: September 2015-January 2017

Country and setting: Cambodia, outpatient department of the National Pediatric Hos-

pital (NPH) in Phnom Penh

Sample size calculation: yes, using weight gain

Child growth standards used for anthropometrical data: WHO Child Growth Stan-

dards 2006

Quality of anthropometrical measurements: outcome assessors trained and a well-

described digital data collection method used; weight, length/height and MUAC mea-

surements adequately described

Tested for peanut allergies: not applicable

Participants Definition used for SAM: combination of WHZ ≤ −2.8 or MUAC ≤ 115 mm, and

presence of nutritional oedema

Eligible age range: 6-59 months

All randomised children meet review eligibility criteria: yes

Total number randomised: 121 children

Inclusion criteria

1. SAM without complications or SAM with resolved complications

2. Passed the appetite test

3. Signed informed consent

Exclusion criteria

1. Children with uncontrolled or untreatable systemic opportunistic infection

2. Severe cerebral palsy or obvious dysmorphic features

3. General mental health problems

4. Participated in other clinical studies

HIV and TB status and treatment: HIV and TB was not seen as a complication, and

children known with a positive HIV or TB status were eligible. Experimental group:

HIV-infection = 1/61; control group: HIV-infection = 0/60

Baseline characteristics of experimental group: 40/61 = male; mean age = 19.7 (SD =

12.3) months; breastfeeding = 30/61; mean weight = 7.32 (SD = 1.61) g; mean height

=74.8 (SD = 9.2) cm;

mean MUAC = 118 (SD = 9.0) mm; mean WHZ = −2.9 (SD = 0.7); mean WAZ =

−3.3 (SD = 0.9); mean HAZ = −2.3 (SD 1.3); diarrhoea = 19/61; fever = 41/61; lost

appetite = 4/61

Baseline characteristics of control group: 31/60 = male; mean age = 22.7 (SD = 15.1)

months; breastfeeding = 27/60; mean weight = 7.71 (SD = 2.02) g; mean height = 77.3

(SD = 10.8) cm; mean MUAC = 119 (SD = 7.3) mm; mean WHZ = −3.0 (SD = 0.6);

mean WAZ −3.2 (SD = 0.8); mean HAZ −2.1 (SD = 1.4); diarrhoea = 15/60; fever =

36/60; lost appetite = 8/60
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Stabilised in hospital before start of study: only 2/121 children (not reported per

group) were stabilised in hospital before enrolment into the trial

Rehabilitation started in hospital: no

Interventions Number of arms: 2

Maximum intervention duration: 8 weeks

Sample size experimental group: 61 children

Sample size control group: 60 children

Experimental intervention: “BP100” (quote). RUTF manufactured in a factory in

Norway by Compact. Contained a mixture of cereal, milk powder, vegetable oil, carbo-

hydrates, with added vitamins and minerals (Fleet 2017). Provided 2213.34 kJ/100 g,

protein = 11.1% of total energy, fat = 51.6% of total energy. Packaged as bars, with 2

biscuits weighing 28.4 g (Fleet 2017). Provided 669 to 753 kJ/kg/day

Control intervention: “Num Trey” (quote). Fish-based RUTF manufactured in a food

factory in Cambodia. Contained 5.9% fish (dried, powdered, whole small fish), 33.3%

carbohydrate source (mung beans, rice, soybeans, rice flour), 23.5% fats (canola oil, palm

vegetable shortening), 24.2% sugars (refined sugar, icing sugar, maltodextrin), 11.3%

other ingredients (coconut, vanilla, desiccated coconut, duck egg), as well as minerals

and vitamins. Consisted of paste surrounded by a crispy wafer. Packaged in 140 g sachets

of 2 x 7 wafers. Provided 2117 kJ/kg/100 g, protein = 9.7% of total energy, fat = 49.6%

of total energy, with added vitamins and minerals. Provided 669 to 753 kJ/kg/day

Concomitant treatment: all children were dewormed and provided with general health

and nutrition advice

Risk that intervention was shared with siblings: yes. It is likely that in families who

were food insecure, RUTF was shared among siblings (even though in the study the

caregivers were told that the RUTF was a “medicine” (quote) and only for the specific

patients). There was the same risk in both groups

Outcomes How often were children assessed during home-based rehabilitation? Once every 2

weeks

Followed up after intervention period? No

Outcomes during or at the end of the intervention period

Primary outcomes

1. Recovery: no

2. Relapse: no

3. Mortality: yes

Secondary outcomes

1. Weight gain: “g/kg/day was estimated from the linear mixed model for weight

estimates, including adjustment over the duration of the trial (56 days) and the

difference between the two RUTFs” (quote)

2. Time to recovery: no

3. WHZ: yes, end value at 8 weeks

4. WAZ: yes, end value at 8 weeks

5. Height gain: yes, end value at 8 weeks

6. MUAC: yes, end value at 8 weeks

7. Cognitive function: no

8. Adverse outcomes: no

9. Acceptability: yes. Caregivers were asked every 2 weeks to report on whether or

not the child liked the RUTF using a 5-point hedonic scale with smiley faces; a code of
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1 (liked a lot) to 5 (disliked a lot) were allocated to each smiley face. Compliance

(utilised percentage of RUTF based on returned packages) was also measured every 2

weeks, and sharing the RUTF was measured once.

Notes Trial registry number: NCT02907424

Type of study report: published journal articles

Contacted study authors: yes. The study author sent us information on Num Trey, and

data in mm/day for height and MUAC gain

Ethics approval: National Ethical Committee for Health Research of the Ministry of

Health, Kingdom of Cambodia (April 2015 Version N 2)

Informed consent: written and oral informed consent from parents or legal guardians

Financial contributors: UNICEF’s national committees (Australia, Republic of Korea,

and Hong Kong), Institut de Recherche pour le Développement, University of Copen-

hagen, and Neys-van Hoogstraten (Grant ID; CA271)

Conflict of interest declared: the study authors declared no conflicts of interest.

Other: all participants were compensated for their time with a small gift after completion

of the trial

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “A computer-generated random-

ization list in blocks of four patients based

on the product codes and patient ID num-

ber was made prior to the start of the trial.

..”

Allocation concealment (selection bias) Low risk Quote: “The list was provided in a closed

envelope to the project manager, who en-

rolled participants and assigned the inter-

vention to the participants based on the list.

”

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Comment: blinding was not done because

the experimental and control interventions

looked very different. However, it is un-

likely that the lack of blinding of caregivers

and study personnel could have led to a

high risk of performance bias in children

for outcomes such as weight and other an-

thropometrics. Children across groups re-

ceived the same contact time with study

personnel

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Comment: outcome assessors were not

blinded. The majority of outcomes were

dependent on anthropometrical measure-

ments. It is unclear how lack of blinding
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affected outcome measurements

Incomplete outcome data (attrition bias)

All outcomes

High risk Comment: although loss to follow-up was

not differential, it was large: 23/61 (37.

7%) from the experimental group and 24/

60 (40%) from the control group

Selective reporting (reporting bias) Unclear risk Comment: trial registration number:

NCT02907424. Weight gain was the pri-

mary outcome prespecified in both the trial

register and in the Methods section of the

article, and reported in the Results sec-

tion. Regarding the secondary outcomes,

some were prespecified in the trial regis-

ter that were not addressed in the article

(e.g. body composition by skinfold thick-

ness and changes in serum concentrations

of fatty acids), and vice versa (e.g. change

in height, MUAC, WAZ, HAZ)

Other bias Unclear risk Comment: baseline characteristics for all

randomised children across groups appear

balanced. If children did not eat the RUTF

to which they were assigned, the alternative

RUTF was offered. This happened in both

groups: 2/61 children from the experimen-

tal group and 1/60 child from the control

group. These children stayed in the study

in the other group to which they were ran-

domised. However, for the ITT analysis,

they were analysed in the group to which

they were randomised. Block randomisa-

tion with blocks of 4 was done, and in

combination with no blinding, this could

have posed a risk to selection bias according

to section 8.15.1.3 in theCochrane Hand-
book of Systematic Reviews of Interventions
(Higgins 2017).
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Thapa 2017

Methods Comparison addressed in this review: 1

Study design: individually randomised controlled trial

Study period: August 2013-March 2014

Country and setting: North India, in 3 urban slums

Sample size calculation: not reported

Child growth standards used for anthropometrical data: WHO Child Growth Stan-

dards 2006

Quality of anthropometrical measurements: 2 anthropometrists were recruited;

weight, length/height or MUAC measurements described adequately

Tested for peanut allergies: not reported

Participants Definition used for SAM: WHZ < −3 with no evidence of infection or oedema

Eligible age range: 6-60 months

All randomised children meet review eligibility criteria: yes

Total number randomised: 112 children

Inclusion criteria

1. Meeting above-mentioned SAM definition

2. MUAC < 11.5 cm

3. Visible severe wasting

Exclusion criteria

1. Children with infections (including diarrhoea)

2. Inability to feed orally

3. Oral lesions or congenital malformations

4. Pedal oedema

HIV and TB status and treatment: not reported

Baseline characteristics of experimental group: mean age = 25.1 (SD = not reported)

months; mean weight = 6.44 (SD = 1.6) kg; mean MUAC = 11.12 (SD = 0.47) cm

Baseline characteristics of control group: mean age = 32.9 (SD = not reported) months;

mean weight = 8.69 (SD = 1.76) kg; mean MUAC = 11.54 (SD = 0.34) cm

Stabilised in hospital before start of study: no

Rehabilitation started in hospital: no

Interventions Number of arms: 2

Maximum intervention duration: 8 weeks

Sample size experimental group: 56 children

Sample size control group: 56 children

Experimental intervention: “Nutreal” (quote). S-RUTF was locally produced in an

local research institution kitchen. Contained milk powder, vegetable oil, sugar, peanuts

(proportions not reported),with added micronutrients. Provided 2280 kJ/100 g, protein

= 15.7% of product, fat = 31.4% of product. Packaged in airtight, sterile packets. Chil-

dren could consume unlimited amounts

Control intervention: “Defined food” (quote). A local research institution prepared and

pre-cooked the “defined food” (quote), made from local ingredients (based on cereals,

pulses and sugar - “similar to a homemade diet” (quote)) with energy density ranging

from 1556 kJ to 1887 kJ per 100 g and protein from 6.8% to 13.6% of product. Packed in

sterile packets. A “lady helper” (quote) supported caregivers daily with cooking. Children

could consume unlimited amounts

Concomitant treatment: not reported

Risk that intervention was shared with siblings: no, because the study personnel were
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involved daily, in cooking and serving the study interventions (in both groups)

Outcomes How often were children assessed during home-based rehabilitation? Daily

Followed up after intervention period? No

Outcomes during or at the end of the intervention period

Primary outcomes

1. Recovery: no

2. Relapse: no

3. Mortality: no

Secondary outcomes

1. Weight gain: yes, weight change in g/day with time point not reported, and

weight as end values at the end of the intervention period

2. Time to recovery: no

3. WHZ: no

4. WAZ: no

5. Height gain: yes, in cm at the end of the 8-week intervention period

6. HAZ: no

7. MUAC: yes, in cm at the end of the 8-week intervention period

8. Cognitive function: no

9. Adverse outcomes: yes, cases of diarrhoea

10. Acceptability: yes, caregivers were asked daily by nutritionists how eagerly their

children accepted the intervention (3 categories: eagerly accepted, not eagerly accepted,

poorly accepted)

Notes Trial registry number: FRAC/Nufl/01 (but cannot locate it on the Internet)

Type of study report: published journal article

Contacted study authors: yes, but study author did not respond

Ethics approval: Food Safety and Standards Authority of India (FSSAI) Ministry of

Health and Family Welfare, Government of India (product registration number: 15025/

783/2012-PA/FSSAI)

Informed consent: informed consent was obtained from caregivers but it is unclear

whether it was provided in writing or orally

Financial contributors: Nuflower Food Private Limited in association with FICCI Re-

search Analysis Centre, New Delhi, India

Conflict of interest declared: yes. The study authors declared no potential conflicts of

interest with respect to the research, authorship, and/or publication of this article

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Quote: “The remaining 112 children hav-

ing uncomplicated SAM were divided into

2 groups of 56 each by simple randomiza-

tion.”

Comment: the method of sequence gener-

ation was not reported.

Allocation concealment (selection bias) Unclear risk Comment: not reported
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Blinding of participants and personnel

(performance bias)

All outcomes

High risk Comment: blinding not done because

the experimental and control interventions

looked very different. The main focus of the

study was acceptability, and a lack of blind-

ing is likely to have influenced performance

bias (if the caregivers knew what interven-

tion their child was getting, they could have

influenced their child to eat more or less

of it, according to their own taste prefer-

ences or perception of the product). It is

unlikely that a lack of blinding could have

influenced changes in weight, height and

MUAC outcomes

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Comment: outcome assessors were not

blinded. The majority of outcomes were

dependent on anthropometrical measure-

ments. It is unclear how lack of blinding

affected outcome measurements

Incomplete outcome data (attrition bias)

All outcomes

Low risk Comment: while not explicitly reported, it

appears that there was no loss to follow-up

and that all 112 randomised children (56

per group) completed the trial

Selective reporting (reporting bias) Unclear risk Comment: trial registration number:

FRAC/Nufl/01, but we could not find this

on the Internet and the contact author did

not respond to our email. No outcomes

prespecified in the Methods section of the

article, and recovery, which was the main

expected outcome, was not addressed

Other bias High risk Comment: there are important differences

in baseline age and weight between the ex-

perimental and control groups (mean age =

25.1 and 32.9 months, mean weight (kg) =

6.44 (SD = 1.6) and 8.69 (SD = 1.76) kg,

respectively)

A-HPF: augmented energy-dense home-prepared foods; ALA: alpha-linolenic acid; ARV: anti-retroviral drugs; CMAM: community-

based management of acute malnutrition; DHA: docosahexaenoic acid; ELISA: enzyme-linked immunoabsorbent assay; EPA:

eicosapentaenoic acid; F-RUTF: flax-seed oil-containing ready-to-use therapeutic food; HAZ: height for age z score; Ho-RUTF:

high oleic acid ready-to-use therapeutic food; ITT: intention to treat; kCal: kilocalories; kJ: kilo joules; LA: omega-6 linoleic acid;

MAM: moderate acute malnutrition; MUAC: mid-upper arm circumference; NCHS: National Center for Health Statistics; NRU:

nutrition rehabilitation unit; OTP: outpatient therapeutic programme; P-RUTF: standard peanut-based ready-to-use therapeutic

food; RUTF: ready-to-use therapeutic food; RUTF-C: centrally produced ready-to-use therapeutic food; RUTF-L: locally produced

ready-to-use therapeutic food; S-RUTF: standard ready-to-use therapeutic food; SAM: severe acute malnutrition; SD: standard
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deviation; SMS-RUTF: milk-free soy-maize-sorghum-based ready-to-use therapeutic food; TB: tuberculosis; WAZ: weight for age

z score; WHO: World Health Organization; WHZ: weight for height z score; WPC: whey protein concentrates

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Amthor 2009 Ineligible study design

Ashraf 2017 Ineligible study design

Bahwere 2016 Ineligible comparison

Bahwere 2017 Ineligible comparison

Briend 1999 Ineligible study design

Brown 2015 Ineligible patient population

Choudhury 2018 Ineligible comparison

CTRI/2013/02/003418 According to the contact person (Shewade 2017 [pers comm]), the study was not conducted due to lack

of funding.

Dani 2017 Ineligible study design

Diop 2003 Ineligible comparison

Diop 2004 Ineligible comparison

Dube 2009 Ineligible patient population

Greco 2006 Wrong study design

Ige 2014 Ineligible study design

Kuusipalo 2006 Treatment not RUTF

Lagrone 2010 Ineligible study design

LaGrone 2012 Treatment not RUTF

Linneman 2007 Ineligible study design

Lopriore 2004 Treatment not RUTF

Maleta 2004 Ineligible patient population
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Malik 2016 Treatment not RUTF (although it had similar ingredients to WHO-recommended RUTF, caregivers had

to prepare it at home and thus is not “ready-to-use”)

Mallewa 2018 Ineligible patient population

Mamidi 2011 Ineligible study design

Manary 2013 Ineligible study design

Matilsky 2009 Treatment not RUTF

Maust 2015 Ineligible patient population and ineligible comparison

Nackers 2010 Ineligible patient population

Navarro-Colorado 2005 Ineligible comparison

Nga 2013 Ineligible patient population

Patel 2005 Prevention study

Phuka 2008 Treatment not RUTF

Sandige 2004 Ineligible comparison

Sato 2018 Ineligible comparison

Singh 2010 Ineligible patient population

Thakwalakwa 2010 Treatment not RUTF

Van Hoan 2009 Treatment not RUTF

Wasnik 2012 Ineligible patient population

RUTF: ready-to-use therapeutic food; WHO: World Health Organization.
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Characteristics of studies awaiting assessment [ordered by study ID]

Huq 2013

Methods Source: conference abstract

Design: individually randomised controlled trial

Study start and end dates: 2009-2012

Setting: nutrition rehabilitation unit (NRU), but It is unclear whether it was an inpatient setting only, or home-

based rehabilitation as well

Location: Bangladesh, South-East Asia

Objective: “...to assess the comparative acceptability and efficacy of commercial RUTF (Plumpy’nut®) and rice-

lentils based traditional-diets (khichuri and halwa).”

Sample size: 224 children were randomised equally to 2 groups

Participants Inclusion criteria

1. Children aged 6-24 months with SAM (defined as WHZ < −3 SD or having bipedal nutritional oedema)

2. Having an appetite

Exclusion criteria: not reported

Interventions Interventions

1. Plumpy’nut® (n = 112)

2. Rice-lentils-based traditional diets (khichuri and halwa) (n = 112)

Intervention duration: not reported

Comment: addresses our Comparison 1

Outcomes 1. Oedema-free 15% weight gain

2. Duration of hospital stay

3. Diarrhoeal episodes

Timing of outcome assessment: not reported

Notes Comment: we emailed the study authors, but were unsuccessful in obtaining a manuscript with more detail

Sponsors and collaborators: not reported

Kaleem 2014

Methods Source: published manuscript

Design: individually randomised controlled trial

Location: Muzaffargarh, Pakistan

Study start and end dates: June 2011-June 2012

Setting: 4 outpatient therapeutic programme (OTP) units. Home-based rehabilitation took place

Objective: to test “...a special high density diet made from locally available ingredients...against an imported ready

to use therapeutic food for the rehabilitation of severely malnourished children”

Sample size: 270 children

Participants Inclusion criteria

1. Children with SAM (MUAC < 11.5 cm or bilateral pitting oedema of grade 1 or 2)

2. Aged 6-59 months

3. Without medical complications

Exclusion criteria

1. Children with “chronic illness” (quote)
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2. Children with medical complications (e.g. severe bilateral oedema grade 3, anorexia, intractable vomiting,

lethargy or not alert, high fever (> 100 °F which is about 37.78 °C), convulsions, unconsciousness, severe anaemia,

severe dehydration, hypoglycaemia, lower respiratory tract infection, hypothermia)

3. Parents not giving informed consent

Interventions Interventions:

1. Plumpy’nut® (n = 90)

2. “locally made high density diet” (quote) (n = 90)

3. “high density diet along with micronutrient supplementation” (quote) (n = 90)

Intervention duration: 12 weeks

Comment: the first 2 arms are eligible for our review. Addresses our Comparison 1

Outcomes 1. Recovery

2. Relapse

3. Weight gain

4. Time to recovery

Timing of outcome assessment: maximum of 12 weeks

Notes Comment: the main results for the two relevant groups were exactly the same per group, which we feel is unlikely to

have been because of chance or the exact same effects of the interventions. Also, there is a discrepancy in the article

for the results of the outcome weight gain, where slightly different results were provided in the table compared to

what was reported in the text. There are also some other data errors in the manuscript, where the percentage for

the number of events out of the total sample size was not calculated correctly. This raised our concerns about the

accuracy of the reporting and we contacted the study author who confirmed that we should use the results in the

paper; however, we remain cautious

Sponsors and collaborators? Not explicitly reported. Study authors mentioned that “Unfortunately standard therapy

is not widely available in Pakistan. A few Nutritional Rehabilitation Units (NRUs) are functional and these are mostly

supported and funded by international agencies.” (quote)

MUAC: mid-upper arm circumference; NRU: nutrition rehabilitation unit; OTP: outpatient therapeutic programme; RUTF: ready-

to-use therapeutic food; SAM: severe acute malnutrition; SD: standard deviation; WHZ: weight for height z score;

Characteristics of ongoing studies [ordered by study ID]

CTRI/2014/09/004958

Trial name or title Public title: To establish effective nutrition protocol for community based management of children with

severe acute malnutrition and to demonstrate operational feasibility through the existing Government system

in Nandurbar district of Maharashtra in India

Scientific title: Community-based management of acute malnutrition (CMAM) using global protocol -

MNT/RUTF in Nandurbar - CMAM

Methods Cluster-randomised controlled trial

Participants Inclusion criteria

1. Children with SAM, defined as a combination of WHZ < −3 (WHO growth standards), MUAC <
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CTRI/2014/09/004958 (Continued)

11.5 cm, and/or bilateral pitting oedema of any grade

2. Passes an appetite test

3. Successfully completes initial treatment at facility-based care

4. Children with MAM defined as WHZ between < −2 to > −3

Exclusion criteria:

1. Children aged < 6 months

2. Children with SAM with any medical complications requiring facility-based care for initial

management or stabilisation

Interventions Arm 1: semi-solid RUTF; 500 kCal/92 g (2092 kJ/92 g), given to children at 150-170 kCal/kg/day (628-

711 kJ/kg/day) for 8 weeks or until discharge criteria achieved

Arm 2: locally prepared RUTF; 550 kCal/100 g (2301 kJ/100 g), given to children at 150-170 kCal/kg/day

(628-711 kJ/kg/day) for 8 weeks or until discharge criteria achieved

Arm 3: locally prepared recipes using amylase-rich flour (with standard micronutrient syrup); 1000 kCal/day

(4184 kJ/day), given for 8 weeks or until discharge criteria achieved

Outcomes Primary outcomes

1. Recovery (MUAC > 12.5 cm or WHZ > −2 and clinically well with no oedema)

2. Weight gain (defined as > 5 g/kg/day)

3. Time to recovery

4. Mortality (time frame: 8 weeks, 1 year)

Secondary outcomes

1. Relapse rate

2. Non-responder rates

3. Morbidity (episodes of diarrhoea, respiratory tract infections)

4. Prevalence of SAM (time frame: 1 year)

Starting date September 2014

Contact information Contact person: Mrudula Phadke

Email: drmapaa@yahoo.com

Affiliation: UNICEF

Notes Location: India

Sponsor(s) and collaborator(s): Jamshetji Tata Trust; Government of Maharashtra; UNICEF

CTRI/2016/02/006656

Trial name or title Public title: Gut inflammation markers as determinants of response to recovery in uncomplicated severe

acute malnourished children

Scientific title: Gut inflammation markers as determinants of response to treatment and recovery in children

with uncomplicated severe acute malnutrition undergoing community-based rehabilitation

Methods Randomised controlled trial, parallel-group design

Participants Inclusion criteria

1. Children aged 6-59 months

2. With SAM, defined as WHZ < −3 (WHO standard), oedema of both feet, or both
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CTRI/2016/02/006656 (Continued)

Exclusion criteria

1. Children with complicated SAM, defined as signs of severe illness requiring hospitalisation

2. Known allergy to animal milk or peanuts

3. Likely to leave the study area in the next 16 weeks

Interventions Arm 1: RUTF produced by an Indian company; given as per weight for 16 weeks or until recovery

Arm 2: RUTF produced by the study team; given as per weight for 16 weeks or until recovery

Arm 3: high-energy and micronutrient-rich foods provided to and prepared by caregivers at home; given as

per weight for 16 weeks or until recovery

Outcomes Primary outcomes

1. Gut inflammation (presence of elevated specified biomarkers and gut microbiota) at enrolment and

during treatment at 8 and 16 weeks’ follow-up)

2. Weight gain

3. Height/length gain

4. Anorexia

Starting date August 2013

Contact information Contact person: Sunita Taneja

Email: Sunita.taneja@sas.org.in

Affiliation: Centre for Health Research and Development Society for Applied Studies, New Delhi, India

Notes Location: India

Sponsor(s) and collaborator(s): Bill & Melinda Gates Foundation

ISRCTN30393230

Trial name or title Public title: Combined protocol for acute malnutrition study (ComPAS)

Scientific title: Combined Protocol for Acute Malnutrition Study (ComPAS) - effectiveness of a combined

and simplified protocol for the treatment of acute malnutrition: a prospective, multi-center cluster-randomized

controlled non-inferiority trial in Kenya and South Sudan

Methods Cluster-randomised controlled, non-inferiority trial

Participants Inclusion criteria

1. Children aged 6-59 months diagnosed with uncomplicated acute malnutrition and eligible for CMAM

treatment, defined as MUAC < 12.5 cm or bilateral pitting oedema (grade 1), or both, in the intervention

arm

2. MUAC < 12.5 cm or bilateral pitting oedema (grades 2 or 3) and/or WHZ < −2 in the control arm

3. Passed the appetite test

4. No medical complications

Exclusion criteria

1. Children who failed the appetite test or those with medical complications requiring inpatient treatment

2. Oedema (≥ grade 2)

3. Intractable vomiting

4. Convulsions

5. Not alert; unconscious
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ISRCTN30393230 (Continued)

6. Hypoglycaemia

7. Hypothermia

8. High fever

9. Severe dehydration

10. Lower-respiratory tract infections

11. Severe anaemia or skin lesions

Interventions Arm 1: simplified protocol for admission of acutely malnourished children based on MUAC, case management

and treatment with a reduced dosage of RUTF (Plumpy’nut®). Children with MUAC < 11.5 cm or oedema,

or both: 2 x 92 g sachets RUTF/day (1000 kCal/day, 4184 kJ/day); children with MUAC 11.5 to 12.5 cm:

1 x 92 g sachet RUTF/day (500 kCal/day, 2092 kJ/day)

Arm 2: case management and treatment with RUTF (Plumpy’nut®) for children with SAM at 200 kCal/

kg/day (837 kJ/kg/day) or RUSF (Plumpy’sup®) for children with MAM at 500 kCal/day (2092 kJ/day), as

per national treatment protocols

Outcomes Primary outcomes

1. Recovery (defined as 2 consecutive MUAC measurements ≥ 125 mm and no oedema)

Secondary outcomes

1. Coverage (% of children eligible for treatment who receive it)

2. Programme default (defined as 2-3 consecutive visits missed during the study period)

3. Mortality

4. Time to recovery

5. Mean weight gain (g/kg/day)

6. Mean MUAC gain (mm/day)

Starting date January 2017

Contact information Contact person: Jeanette Bailey

Email: Jeanette.bailey@rescue.org

Affiliation: International Rescue Committee, New York, USA

Notes Location: Kenya and South Sudan

Sponsor(s) and Collaborator(s): Children’s Investment Fund Foundation; United States Agency for Inter-

national Development/Office of Disaster Assistance; London School of Hygiene & Tropical Medicine

ISRCTN31143316

Trial name or title Public title: Treatment of severe acute malnutrition delivered by community health workers in Niger

Scientific title: A cohort study comparing treatment for severe acute malnutrition (SAM) in children between

6-59 months, delivered by community health workers (CHWs) compared to a traditional facility based model

in Mayahi district, Niger

Methods “Interventional randomised controlled trial” (quote)

Participants Inclusion criteria

1. Children aged 6-59 month

2. Diagnosed with SAM (MUAC < 115 mm, bilateral oedema, WHZ < −3)

3. Parents or guardians provide informed consent
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ISRCTN31143316 (Continued)

Exclusion criteria

1. Reside outside of study areas

2. Complications that require treatment in the stabilisation centre in Mayahi

Interventions Arm 1: RUTF sachets provided by CHWs

Arm 2: “usual treatment” (quote) in health centres

Both arms to receive treatment once a week for 12 months

Outcomes Primary outcomes

1. Cure rate, assessed at every visit to the healthy facility or with the CHW (weekly basis) (defined as

WHZ > 1.5, MUAC > 12.5 cm)

2. Death rate, determined over the course of the study

3. Defaulter rate - if children do not attend visits on 2 consecutive weeks, they are discharged as defaulters

Secondary outcomes

1. Identification of low or high coverage areas, along with factors negatively influencing coverage by using

routine data for the programme and qualitative data gathered from key informers, with the goal of ensuring

triangulation and exhaustiveness of sources and methods

2. Confirmation of low and high coverage areas, and of the factors explaining low coverage identified in

stage 1

3. Estimation of programme coverage using the Bayesian technique

Starting date October 2017

Contact information Contact person: Pilar Charle Cuellar

Email: pcharle@accioncontraelhambre.org

Affiliation: Calle duque de Sevilla nº3, Madrid, Spain

Notes Location: Niger

Sponsor(s) and collaborator(s): Action against Hunger; USAID, USA

ISRCTN50039021

Trial name or title Public title: Modelling an alternative nutrition protocol generalizable for outpatient (MANGO)

Scientific title: Modelling an alternative nutrition protocol for outpatient (MANGO) - effectiveness of an

optimised dosage of RUTF for the treatment of severe acute malnutrition: a randomized controlled, non-

inferiority trial in Burkina Faso

Methods Randomised controlled, non-inferiority trial

Participants Inclusion criteria

1. Children aged 6-59 months with uncomplicated SAM and eligible for CMAM (defined as WHZ < −3

or MUAC <11.5 cm, or both)

2. No pitting bilateral oedema

3. No medical complications

4. Passed a standardised appetite test

Exclusion criteria

1. Children with severe anaemia (Hb < 4g/dL)

2. Known peanut or milk allergy, or both
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ISRCTN50039021 (Continued)

3. Those who received treatment for SAM within the last 6 months

4. Those with malformations or handicap, which may affect food intake

5. Those who plan to leave the catchment area within the next 6 months

Interventions Arm 1: standard dose of RUTF for the first 2 weeks (about 144-204 kCal/kg/week (602-854 kJ/kg/week)

, depending on weight), and thereafter a reduced dose of RUTF (about 67-183 kCal/kg/week (280-766 kJ/

kg/week) depending on weight) until discharge

Arm 2: standard dose of RUTF for the first 2 weeks (about 144-204 kCal/kg/week (602-854 kJ/kg/week),

depending on weight), followed by standard dose until discharge

Outcomes Primary outcomes

1. Weight gain (g/kg/day)

Secondary outcomes

1. Time to recovery (days)

2. Recovery rate (monthly)

3. Defaulter rate (monthly)

4. Mortality rate (monthly)

5. Transfer to hospital (monthly)

6. Change in WHZ, HAZ, WAZ, MUAC (weekly until discharge)

7. Relapse rate (4 months after discharge)

8. Cost-effectiveness ratio (to rehabilitate 1 child)

9. Mean energy intake (during week 4)

10. Change in blood levels of vitamin A, inflammatory markers (baseline and at discharge)

11. Change in body composition (baseline and at discharge)

12. Change in blood leptin levels (baseline and at discharge)

13. Change in catabolism markers in hair (baseline and 4 months after discharge)

Starting date January 2015

Contact information Contact person: Cécile Salpéteur

Email: csalpeteur@actioncontrelafaim.org

Affiliation: Action Contre la Faim, Paris, France

Notes Location: Burkina Faso

Sponsor(s) and collaborator(s): Children’s Investment Fund Foundation; European Commission’s Human-

itarian Aid and Civil Protection Department and Humanitarian Innovation Fund

NCT00131417

Trial name or title Public title: Ready to use therapeutic food in the rehabilitation of severely malnourished children

Scientific title: Comparison of the efficacy of a ready-to-use therapeutic food with a milk-based diet in the

rehabilitation of severely malnourished Ugandan children

Methods Randomised controlled trial, parallel-group design

Participants Inclusion criteria

1. Boys and girls aged 6-59 months

2. With severe malnutrition (weight for height < 70% of median NCHS/WHO reference values)

114Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

http://csalpeteur@actioncontrelafaim.org


NCT00131417 (Continued)

3. Caregiver’s informed consent for the study and HIV testing

4. Children who have completed initial phase of management of severe malnutrition (without oedema,

diarrhoea, vomiting) with normal temperature and gaining weight > 5 g/kg/day

Exclusion criteria

1. Serious medical conditions (e.g. severe pneumonia, cerebral palsy)

2. Persistent diarrhoea

Interventions Arm 1: semi-solid RUTF, providing 545 kCal (2280 kJ) per 100 g, 10% protein and 59% fat, given 5 times

daily

Arm 2: high-energy milk, providing 100 kCal (418 kJ) per 100 mL and 2.9% protein, given 5 times daily

Outcomes Primary outcomes

1. Mean weight gain (g/kg/day)

2. Time taken to attain 85% weight for height (days)

Secondary outcomes

1. Mortality

2. Adverse effects

Starting date October 2004

Contact information Contact person: Harriet Nambuya

Email: nambuyaharriet@yahoo.com

Affiliation: Makerere University, Uganda

Notes Location: Uganda

Sponsor(s) and collaborator(s): Makerere University, Kampala, Uganda; Norwegian Programme for Devel-

opment, Research and Education (NUFU)

NCT00941434

Trial name or title Public title: Community based management of malnutrition

Scientific title: Community based management of malnutrition. A proposal for Pakistan initiative for mothers

and newborns

Methods “Step wedge randomised trial”, cross-over design

Participants Inclusion criteria

1. Children aged 6 months-3 years

2. With moderate-severe malnutrition (not defined)

Exclusion criteria

1. Children with chronic debilitating illness

2. Residence outside study areas

Interventions Arm 1: RUTF provided until WAZ no longer in severe malnutrition group

Arm 2: S-RUTF (Nutributter) provided until WAZ no longer in severe malnutrition group

Outcomes Primary outcomes

1. WAZ (time frame: 1 year)
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NCT00941434 (Continued)

Secondary outcomes

1. Morbidity (not defined; time frame: 1 year)

2. Mortality (time frame: 1 year

Starting date July 2009

Contact information Contact person: Zulfiqar A Bhutta

Email: Zulfiqar.bhutta@sickkids.ca, zulfiqar.bhutta@aku.edu

Affiliation: Aga Khan University, Pakistan

Notes Location: Pakistan

Sponsor(s) and collaborator(s): Aga Khan University, Pakistan; John Snow Inc.; Pakistan Ministry of Health

NCT01144806

Trial name or title Public title: Evaluation of energy expenditure, body composition and recovery rates in children with severe

acute malnutrition

Scientific title: Evaluation of energy expenditure, body composition and recovery rates in children with severe

acute malnutrition (SAM) receiving community-based nutritional rehabilitation therapy

Methods Randomised controlled trial

Participants Inclusion criteria

1. Children aged 6 months-3 years

2. Reside in study area

Exclusion criteria

1. Children with congenital malformations

2. Chronic debilitating illnesses

3. Refusal by parents to enrol in the study

Interventions Arm 1: RUTF supplement, Plumpy’nut®

Arm 2: nutrition education to caregivers using the principles of infant and young child feeding (IYCF), and

dietary diversification

Outcomes Primary outcome

1. Body composition (time frame: 12 weeks)

Starting date June 2010

Contact information Contact person: Zulfiqar A Bhutta

Email: Zulfiqar.bhutta@sickkids.ca, zulfiqar.bhutta@aku.edu

Affiliation: Aga Khan University, Pakistan

Notes Location: Pakistan

Sponsor(s) and collaborator(s): Aga Khan University, Pakistan; International Atomic Energy Agency
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NCT01331044

Trial name or title Public title: Ready-to-use therapeutic food (RUTF) severe malnourished children (RUTF)

Scientific title: Efficacy and acceptability of ready-to-use therapeutic food (RUTF) in children aged 6-24

months with severe acute malnutrition in Bangladesh

Methods Randomised, parallel-group, controlled trial

Participants Inclusion criteria

1. Children aged 6-24 months with SAM (defined as a combination of WHZ < −3 of WHO standard,

bipedal nutritional oedema, or both)

2. Completed stabilisation phase management

3. Regaining appetite with no signs of concurrent infection (e.g. diarrhoea, lower respiratory tract

infection or pneumonia, severe anaemia, fever, sepsis, electrolyte imbalance)

Exclusion criteria

1. Children without a fixed residential address

2. Those with tuberculosis or congenital/acquired disorders

3. Any physical condition that affects normal feeding (e.g. cleft lip or palate)

Interventions Arm 1: RUTF (Plumpy’nut®) at 200 kCal/kg/day (837 kJ/kg/day) in sequential manner; 125 kCal/kg (523

kJ/kg) in the first 24 h, followed by 150 kCal/kg (628 kJ/kg) in the second 24 h, and 200 kCal/kg (837 kJ/

kg) by the third day

Arm 2: local food (kichuri and halwa) in sequential manner; 125 kCal/kg (523 kJ/kg) in the first 24 h,

followed by 150 kCal/kg (628 kJ/kg) in the second 24 h, and 200 kcal/kg (837 kJ/kg) by the third day

Outcomes Primary outcomes

1. Weight gain (not defined; time frame: 14 days)

Secondary outcomes

1. Oedema (time frame: 14 days)

2. Anthropometric changes (not defined; time frame: 14 days)

Starting date October 2009

Contact information Contact person: Sayeeda Huq

Email:sayeeda@icddrb.org

Affiliation: International Centre for Diarrhoea Diseases Research, Dhaka, Bangladesh

Notes Location: Bangladesh

Sponsor(s) and Collaborator(s): International Centre for Diarrhoea Diseases Research; International Atomic

Agency; Washington University School of Medicine; University of Virginia, USA

NCT01634009

Trial name or title Public title: Soy-ready to use therapeutic food (RUTF) in severely malnourished children

Scientific title: Efficacy of ready to use therapeutic food using soy protein isolate in under-5 children with

severe acute malnutrition in Bangladesh

Methods Randomised controlled trial, parallel-group design
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NCT01634009 (Continued)

Participants Inclusion criteria

1. Children aged 6-60 months with SAM (defined as WHZ < −3 of WHO standard)

2. Completed stabilisation phase management

3. Clinically well

4. No oedema and regaining appetite

5. No signs of concurrent infection

6. Whose mothers/caregivers agreed to stay in current address for next 4 months

Exclusion criteria

1. Children without a fixed address

2. Those with TB or congenital/acquired disorder affecting growth (e.g. trisomy-21)

3. Cerebral palsy

4. Those with a history of soy, peanut or milk protein allergy

Interventions Arm 1: milk-based (standard) RUTF given daily, until achieving WHZ of −2

Arm 2: soy-based RUTF given daily until achieving WHZ of −2

Outcomes Primary outcome

1. Rate of weight gain (time frame: up to 3 years)

Starting date July 2012

Contact information Contact person: Iqbal Hossain

Email: ihossain@icddrb.org

Affiliation: International Centre for Diarrhoea Diseases Research, Dhaka, Bangladesh

Notes Location: Bangladesh

Sponsor(s) and Collaborator(s): International Centre for Diarrhoea Diseases Research

NCT03094247

Trial name or title Public title: Feeding malnourished children different types of fatty acids to promote neurocognitive devel-

opment

Scientific title: Improved polyunsaturated ready-to-use therapeutic food for improved neurocognitive out-

comes in severe acute malnutrition

Methods Randomised controlled trial, parallel-group design

Participants Inclusion criteria:

1. Children aged 6-59 months

2. With SAM (defined as WHZ < −3 of WHO standard and MUAC < 11.5 cm, or bilateral pitting

oedema)

3. Acceptable appetite

Exclusion criteria

1. Participation in any other ongoing study or supplementary feeding programme

2. Children with any chronic medical condition (e.g. cerebral palsy, static encephalopathy, congenital

heart disease, gastrointestinal disease, peanut allergy)
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Interventions Arm 1: conventional RUTF (formulated with standard peanuts, C-RUTF)

Arm 2: high oleic acid RUTF (formulated with high oleic content peanuts, HO-RUTF)

Arm 3: DHA-supplemented HO-RUTF (formulated with high oleic content peanuts and DHA)

Outcomes Primary outcomes

1. Recovery (defined as resolution of oedema and MUAC > 12.4 cm or WHZ > 3, or both) (time frame:

up to 12 weeks)

Secondary outcomes

1. Neurocognitive outcome (time frame: upon nutritional recovery between 4 and 12 weeks; and at 3

years)

2. Recognition memory (time frame: upon nutritional recovery between 4 and 12 weeks)

3. Attentional orienting speed (time frame: upon nutritional recovery between 4 and 12 weeks)

4. Intentionally, planning and attentional control tasks (time frame: upon nutritional recovery between 4

and 12 weeks)

Starting date September 2017

Contact information Contact person 1: Mark Manary

Email: manary@kids.wustl.edu

Affiliation: Washington University School of Medicine, USA

Contact person 2: Kenneth Maleta

Email: ken.maleta@gmail.com

Affiliation: University of Malawi College of medicine, Blantyre, Malawi

Notes Location: Malawi

Sponsor(s) and Collaborator(s): Washington University School of Medicine; University of Texas; Cornell

University, USA; University of Malawi Colleage of Medicine, Malawi

NCT03407326

Trial name or title Public title: Comparison of an alternative therapeutic food for the international food aid market to a standard

ready-to-use therapeutic food (RUTF)

Scientific title: Comparison of an alternative therapeutic food for the international food aid market to a

standard ready-to-use therapeutic food (RUTF) for the treatment of severe acute malnutrition in children of

the western rural region and Pujehun district of Sierra Leone

Methods Randomised controlled trial, parallel-group design

Participants Inclusion criteria

1. Children aged 6-59 months

2. With SAM (defined as a combination of WHZ < −3 of WHO standard, MUAC < 11.5 cm, and/or

bipedal oedema)

Exclusion criteria

1. Participation in any other ongoing study or supplementary feeding programme

2. Developmentally delayed

3. Chronic debilitating illness (e.g. cerebral palsy)

4. History of peanut or milk allergy
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NCT03407326 (Continued)

Interventions Arm 1: alternative RUTF (formulated with oats) at 190 kCal/kg/day until recovery or a maximum of 12

weeks

Arm 2: standard RUTF at 190 kCal/kg/day until recovery or a maximum of 12 weeks

Outcomes Primary outcomes

1. MUAC ≥ 12.5 (time frame: 2-12 weeks)

2. WHZ ≥ −2 (time frame: 2-12 weeks)

Secondary outcomes

1. Adverse symptoms (e.g. stomach pain, vomiting, diarrhoea, rash or fever) (time frame: 2-12 weeks)

Starting date September 2018

Contact information Contact person: Mark Manary

Email: manarymj@sustl.edu

Affiliation: Washington University School of Medicine, USA

Notes Location: Sierra Leone

Sponsor(s) and collaborator(s): Washington University School of Medicine; The Children’s Investment

Fund Foundation

CHW: community health workers; CMAM: community management of acute malnutrition; DHA: docosahexaenoic acid; HAZ:

height-for-age z score; IYCF: infant and young child feeding; kCal: kilocalories; kJ: kilo joules; MAM: moderate acute malnutri-

tion; MUAC: mid-upper arm circumference; NCHS: National Center for Health Statistics; RUTF: ready-to-use therapeutic food;

RUSF: ready-to-use supplementary food; SAM: severe acute malnutrition; S-RUTF: standard ready-to-use therapeutic food; TB:

tuberculosis; WAZ: weight for age z score; WHO: World Health Organization; WHZ: weight for height z score; UNICEF: United

Nations International Children’s Emergency Fund
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D A T A A N D A N A L Y S E S

Comparison 1. Standard RUTF provided at a dose that meets total daily nutritional requirements versus an

alternative dietary approach

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Recovery during intervention 6 1852 Risk Ratio (M-H, Random, 95% CI) 1.33 [1.16, 1.54]

2 Recovery during intervention:

pre-trial hospitalisation

subgroups

6 1852 Risk Ratio (M-H, Random, 95% CI) 1.33 [1.16, 1.54]

2.1 All children hospitalised

pre-trial

3 568 Risk Ratio (M-H, Random, 95% CI) 1.41 [1.04, 1.92]

2.2 Some children hospitalised

pre-trial

2 1258 Risk Ratio (M-H, Random, 95% CI) 1.30 [1.08, 1.57]

2.3 No children hospitalised

pre-trial

1 26 Risk Ratio (M-H, Random, 95% CI) 6.0 [0.83, 43.13]

3 Recovery at follow-up 2 907 Risk Ratio (M-H, Random, 95% CI) 1.10 [0.83, 1.46]

4 Relapse during intervention 4 1505 Risk Ratio (M-H, Random, 95% CI) 0.55 [0.30, 1.01]

5 Relapse during intervention:

pre-trial hospitalisation

subgroups

4 1505 Risk Ratio (M-H, Random, 95% CI) 0.55 [0.30, 1.01]

5.1 All children hospitalised

pre-trial

2 247 Risk Ratio (M-H, Random, 95% CI) 0.34 [0.17, 0.66]

5.2 Some children hospitalised

pre-trial

2 1258 Risk Ratio (M-H, Random, 95% CI) 0.83 [0.53, 1.30]

6 Relapse during intervention:

factory- versus local

site-produced subgroups

4 1505 Risk Ratio (M-H, Random, 95% CI) 0.65 [0.41, 1.01]

6.1 Factory-produced 4 1048 Risk Ratio (M-H, Random, 95% CI) 0.56 [0.29, 1.06]

6.2 Local site-produced 1 457 Risk Ratio (M-H, Random, 95% CI) 0.83 [0.51, 1.33]

7 Relapse during intervention:

HIV status subgroups

4 1505 Risk Ratio (M-H, Random, 95% CI) 0.55 [0.30, 1.01]

7.1 HIV-uninfected or

untested

3 1440 Risk Ratio (M-H, Random, 95% CI) 0.62 [0.34, 1.15]

7.2 HIV-infected 1 65 Risk Ratio (M-H, Random, 95% CI) 0.26 [0.07, 1.04]

8 Relapse at follow-up 1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

9 Mortality during intervention 4 1505 Risk Ratio (M-H, Random, 95% CI) 1.05 [0.51, 2.16]

10 Mortality during intervention:

pre-trial hospitalisation

subgroups

4 1505 Risk Ratio (M-H, Random, 95% CI) 1.05 [0.51, 2.16]

10.1 All children hospitalised

pre-trial

2 247 Risk Ratio (M-H, Random, 95% CI) 1.47 [0.53, 4.04]

10.2 Some children

hospitalised pre-trial

2 1258 Risk Ratio (M-H, Random, 95% CI) 0.86 [0.20, 3.73]

11 Rate of weight gain (g/kg/day)

during intervention

4 1450 Mean Difference (IV, Random, 95% CI) 1.12 [0.27, 1.96]
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12 Rate of weight gain (g/kg/day)

during intervention: pre-trial

hospitalisation subgroups

4 1450 Mean Difference (IV, Random, 95% CI) 1.12 [0.27, 1.96]

12.1 All children hospitalised

pre-trial

2 243 Mean Difference (IV, Random, 95% CI) 1.57 [0.32, 2.82]

12.2 Some children

hospitalised pre-trial

2 1207 Mean Difference (IV, Random, 95% CI) 0.65 [0.16, 1.14]

13 Rate of weight gain (g/kg/day)

during intervention: factory-

versus local site-produced

subgroups

4 1450 Mean Difference (IV, Random, 95% CI) 1.00 [0.34, 1.66]

13.1 Factory-produced 4 1018 Mean Difference (IV, Random, 95% CI) 1.05 [0.08, 2.02]

13.2 Local site-produced 1 432 Mean Difference (IV, Random, 95% CI) 0.88 [0.15, 1.61]

14 Rate of weight gain (g/kg/day)

during intervention: HIV

status subgroups

4 1450 Mean Difference (IV, Random, 95% CI) 1.12 [0.27, 1.96]

14.1 HIV-uninfected or

untested

3 1385 Mean Difference (IV, Random, 95% CI) 1.20 [0.08, 2.33]

14.2 HIV-infected 1 65 Mean Difference (IV, Random, 95% CI) 0.80 [-0.64, 2.24]

15 Time to recovery (days) during

intervention

2 556 Mean Difference (IV, Random, 95% CI) -7.61 [-12.84, -2.37]

16 Weight-for-height z score

(WHZ) during intervention

1 Mean Difference (IV, Random, 95% CI) Totals not selected

17 WHZ at follow-up 2 937 Mean Difference (IV, Random, 95% CI) 0.06 [-0.04, 0.16]

18 Length/height gain (mm/day)

during intervention

2 417 Mean Difference (IV, Random, 95% CI) 0.12 [-0.00, 0.24]

19 Height-for-age z score (HAZ)

at follow-up

1 Mean Difference (IV, Random, 95% CI) Totals not selected

20 Mid-upper arm circumference

(MUAC) gain (mm/day)

during intervention

3 570 Mean Difference (IV, Random, 95% CI) 0.13 [0.04, 0.21]

21 MUAC gain (cm) at follow-up 1 Mean Difference (IV, Random, 95% CI) Totals not selected

22 Diarrhoea events during

intervention

1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

23 Days of diarrhoea during

intervention

1 Mean Difference (IV, Random, 95% CI) Totals not selected

24 Acceptability 1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

Comparison 2. Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a

supplement to the usual diet

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Recovery during intervention 2 210 Risk Ratio (M-H, Random, 95% CI) 1.41 [1.19, 1.68]

1.1 HIV-uninfected children 1 162 Risk Ratio (M-H, Random, 95% CI) 1.38 [1.15, 1.67]

1.2 HIV-infected children 1 48 Risk Ratio (M-H, Random, 95% CI) 1.62 [1.01, 2.59]

2 Relapse during intervention 2 210 Risk Ratio (M-H, Random, 95% CI) 0.11 [0.01, 0.85]

2.1 HIV-uninfected children 1 162 Risk Ratio (M-H, Random, 95% CI) 0.07 [0.00, 1.10]
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2.2 HIV-infected children 1 48 Risk Ratio (M-H, Random, 95% CI) 0.20 [0.01, 3.62]

3 Mortality during intervention 2 210 Risk Ratio (M-H, Random, 95% CI) 1.36 [0.46, 4.04]

3.1 HIV-uninfected children 1 162 Risk Ratio (M-H, Random, 95% CI) 2.07 [0.36, 12.07]

3.2 HIV-infected children 1 48 Risk Ratio (M-H, Random, 95% CI) 1.05 [0.26, 4.18]

4 Rate of weight gain (g/kg/day)

during intervention

2 206 Mean Difference (IV, Random, 95% CI) 1.21 [-0.74, 3.16]

4.1 HIV-uninfected children 1 158 Mean Difference (IV, Random, 95% CI) 2.10 [1.12, 3.08]

4.2 HIV-infected children 1 48 Mean Difference (IV, Random, 95% CI) 0.10 [-1.53, 1.73]

5 Time to recovery (days) during

intervention

1 Mean Difference (IV, Random, 95% CI) Totals not selected

6 WHZ at follow-up 1 Mean Difference (IV, Random, 95% CI) Totals not selected

7 Length/height gain (mm/day)

during intervention

1 Mean Difference (IV, Random, 95% CI) Totals not selected

8 MUAC gain (mm/day) during

intervention

2 173 Mean Difference (IV, Random, 95% CI) 0.11 [-0.01, 0.22]

8.1 HIV-uninfected children 1 125 Mean Difference (IV, Random, 95% CI) 0.15 [0.03, 0.27]

8.2 HIV-infected children 1 48 Mean Difference (IV, Random, 95% CI) 0.03 [-0.14, 0.20]

Comparison 3. Standard RUTF versus RUTF using an alternative formulation

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Recovery during intervention 6 4188 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.99, 1.08]

2 Recovery during intervention:

pre-trial hospitalisation

subgroups

6 4188 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.99, 1.08]

2.1 All children hospitalised

pre-trial

1 651 Risk Ratio (M-H, Random, 95% CI) 0.95 [0.83, 1.09]

2.2 Some children hospitalised

pre-trial

2 641 Risk Ratio (M-H, Random, 95% CI) 1.09 [0.85, 1.39]

2.3 No children hospitalised

pre-trial

3 2896 Risk Ratio (M-H, Random, 95% CI) 1.06 [0.99, 1.14]

3 Relapse during intervention 6 4188 Risk Ratio (M-H, Random, 95% CI) 0.84 [0.72, 0.98]

4 Relapse during intervention:

pre-trial hospitalisation

subgroups

6 4188 Risk Ratio (M-H, Random, 95% CI) 0.84 [0.72, 0.98]

4.1 All children hospitalised

pre-trial

1 651 Risk Ratio (M-H, Random, 95% CI) 0.96 [0.66, 1.40]

4.2 Some children hospitalised

pre-trial

2 641 Risk Ratio (M-H, Random, 95% CI) 0.81 [0.44, 1.52]

4.3 No children hospitalised

pre-trial

3 2896 Risk Ratio (M-H, Random, 95% CI) 0.81 [0.68, 0.97]

5 Mortality during intervention 7 4309 Risk Ratio (M-H, Random, 95% CI) 1.00 [0.80, 1.24]

6 Mortality during intervention:

pre-trial hospitalisation

subgroups

7 4309 Risk Ratio (M-H, Random, 95% CI) 1.00 [0.80, 1.24]

6.1 All children hospitalised

pre-trial

1 651 Risk Ratio (M-H, Random, 95% CI) 1.11 [0.86, 1.43]
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6.2 Some children hospitalised

pre-trial

3 762 Risk Ratio (M-H, Random, 95% CI) 0.60 [0.16, 2.33]

6.3 No children hospitalised

pre-trial

3 2896 Risk Ratio (M-H, Random, 95% CI) 0.94 [0.67, 1.34]

7 Rate of weight gain (g/kg/day)

during intervention

6 3807 Mean Difference (IV, Random, 95% CI) 0.11 [-0.32, 0.54]

8 Rate of weight gain (g/kg/day)

during intervention: pre-trial

hospitalisation subgroups

6 3807 Mean Difference (IV, Random, 95% CI) 0.11 [-0.32, 0.54]

8.1 All children hospitalised

pre-trial

1 651 Mean Difference (IV, Random, 95% CI) -0.25 [-0.87, 0.37]

8.2 Some children hospitalised

pre-trial

2 650 Mean Difference (IV, Random, 95% CI) -0.08 [-0.47, 0.32]

8.3 No children hospitalised

pre-trial

3 2506 Mean Difference (IV, Random, 95% CI) 0.34 [-0.40, 1.07]

9 Rate of weight gain (g/kg/day)

during intervention: different

types of control RUTF

subgroups

6 3807 Mean Difference (IV, Random, 95% CI) 0.11 [-0.32, 0.54]

9.1 Less or no milk powder 4 3015 Mean Difference (IV, Random, 95% CI) 0.34 [-0.10, 0.78]

9.2 Standard plus fatty acids 1 141 Mean Difference (IV, Random, 95% CI) -0.80 [-1.74, 0.14]

9.3 Standard plus pre- and

probiotics

1 651 Mean Difference (IV, Random, 95% CI) -0.25 [-0.87, 0.37]

10 Time to recovery (days) during

intervention

1 Mean Difference (IV, Random, 95% CI) Totals not selected

11 WHZ during intervention 3 2090 Mean Difference (IV, Random, 95% CI) -0.13 [-0.36, 0.09]

12 WHZ during intervention:

pre-trial hospitalisation

subgroups

3 2090 Mean Difference (IV, Random, 95% CI) -0.13 [-0.36, 0.09]

12.1 Some children

hospitalised pre-trial

1 75 Mean Difference (IV, Random, 95% CI) -0.13 [-0.40, 0.14]

12.2 No children hospitalised

pre-trial

2 2015 Mean Difference (IV, Random, 95% CI) -0.19 [-0.62, 0.25]

13 WHZ during intervention:

different types of control

RUTF subgroups

3 2090 Mean Difference (IV, Random, 95% CI) -0.13 [-0.36, 0.09]

13.1 Less or no milk powder 2 1949 Mean Difference (IV, Random, 95% CI) -0.02 [-0.11, 0.08]

13.2 Standard plus fatty acids 1 141 Mean Difference (IV, Random, 95% CI) -0.45 [-0.83, -0.07]

14 WHZ during intervention 2 1949 Mean Difference (IV, Random, 95% CI) 0.07 [-0.06, 0.20]

15 Length/height gain (mm/day)

during intervention

3 2090 Mean Difference (IV, Random, 95% CI) 0.01 [-0.09, 0.10]

16 Length/height gain (mm/day)

during intervention: pre-trial

hospitalisation subgroups

3 2090 Mean Difference (IV, Random, 95% CI) 0.01 [-0.09, 0.10]

16.1 Some children

hospitalised pre-trial

1 75 Mean Difference (IV, Random, 95% CI) 0.09 [-0.15, 0.33]

16.2 No children hospitalised

pre-trial

2 2015 Mean Difference (IV, Random, 95% CI) -0.01 [-0.14, 0.11]
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17 Length/height gain (mm/day)

during intervention: different

types of control RUTF

subgroups

3 2090 Mean Difference (IV, Random, 95% CI) 0.01 [-0.09, 0.10]

17.1 Less or no milk powder 2 1949 Mean Difference (IV, Random, 95% CI) 0.04 [0.02, 0.06]

17.2 Standard plus fatty acids 1 141 Mean Difference (IV, Random, 95% CI) -0.09 [-0.21, 0.03]

18 HAZ during intervention 2 1949 Mean Difference (IV, Random, 95% CI) 0.09 [-0.04, 0.22]

19 MUAC gain (mm/day) during

intervention

3 2089 Mean Difference (IV, Random, 95% CI) 0.02 [-0.02, 0.07]

20 MUAC gain (mm/day)

during intervention: pre-trial

hospitalisation subgroups

3 2089 Mean Difference (IV, Random, 95% CI) 0.02 [-0.02, 0.07]

20.1 Some children

hospitalised pre-trial

1 74 Mean Difference (IV, Random, 95% CI) 0.04 [-0.01, 0.09]

20.2 No children hospitalised

pre-trial

2 2015 Mean Difference (IV, Random, 95% CI) -0.00 [-0.11, 0.10]

21 MUAC gain (mm/day) during

intervention: different types of

control RUTF subgroups

3 2089 Mean Difference (IV, Random, 95% CI) 0.02 [-0.02, 0.07]

21.1 Less or no milk powder 2 1948 Mean Difference (IV, Random, 95% CI) 0.04 [0.02, 0.06]

21.2 Standard plus fatty acids 1 141 Mean Difference (IV, Random, 95% CI) -0.07 [-0.17, 0.03]

22 Diarrhoea events during

intervention

1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

23 Acceptability on first day of

intervention

1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

24 Acceptability: grams of food

remained after taste test

1 Mean Difference (IV, Random, 95% CI) Totals not selected

25 Acceptability after first 2 weeks

of treatment

1 Risk Ratio (M-H, Random, 95% CI) Totals not selected
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Analysis 1.1. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 1 Recovery during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 1 Recovery during intervention

Study or subgroup RUTF Other diet Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Bhandari 2016 (1) 298/605 122/301 32.6 % 1.22 [ 1.04, 1.42 ]

Ciliberto 2005 (2) 208/290 30/62 18.7 % 1.48 [ 1.13, 1.94 ]

Jadhav 2016 (3) 31/174 12/147 4.7 % 2.18 [ 1.16, 4.09 ]

Manary 2004 (4) 57/68 78/114 32.0 % 1.23 [ 1.04, 1.44 ]

Ndekha 2005 (5) 15/20 24/45 11.5 % 1.41 [ 0.97, 2.04 ]

Shewade 2013 (6) 6/13 1/13 0.5 % 6.00 [ 0.83, 43.13 ]

Total (95% CI) 1170 682 100.0 % 1.33 [ 1.16, 1.54 ]

Total events: 615 (RUTF), 267 (Other diet)

Heterogeneity: Tau2 = 0.01; Chi2 = 7.54, df = 5 (P = 0.18); I2 =34%

Test for overall effect: Z = 3.96 (P = 0.000075)

Test for subgroup differences: Not applicable

0.05 0.2 1 5 20

Favours other diet Favours RUTF

(1) WHZ ≥ -2 and absence of oedema within 16 weeks of intervention.

(2) WHZ > -2 and without oedema, relapse or death within 8 weeks of intervention.

(3) WHZ > -2 within 8 weeks of intervention.

(4) HIV-uninfected; WHZ > 0 within 16 weeks of intervention.

(5) HIV-infected; 100% weight for height within ”some weeks” of intervention.

(6) Reaching 115% of baseline weight within 12 weeks of intervention.
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Analysis 1.2. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 2 Recovery during intervention: pre-trial

hospitalisation subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 2 Recovery during intervention: pre-trial hospitalisation subgroups

Study or subgroup RUTF Other diet Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 All children hospitalised pre-trial

Jadhav 2016 (1) 31/174 12/147 4.7 % 2.18 [ 1.16, 4.09 ]

Manary 2004 (2) 57/68 78/114 32.0 % 1.23 [ 1.04, 1.44 ]

Ndekha 2005 (3) 15/20 24/45 11.5 % 1.41 [ 0.97, 2.04 ]

Subtotal (95% CI) 262 306 48.2 % 1.41 [ 1.04, 1.92 ]

Total events: 103 (RUTF), 114 (Other diet)

Heterogeneity: Tau2 = 0.04; Chi2 = 4.52, df = 2 (P = 0.10); I2 =56%

Test for overall effect: Z = 2.21 (P = 0.027)

2 Some children hospitalised pre-trial

Bhandari 2016 (4) 298/605 122/301 32.6 % 1.22 [ 1.04, 1.42 ]

Ciliberto 2005 (5) 208/290 30/62 18.7 % 1.48 [ 1.13, 1.94 ]

Subtotal (95% CI) 895 363 51.3 % 1.30 [ 1.08, 1.57 ]

Total events: 506 (RUTF), 152 (Other diet)

Heterogeneity: Tau2 = 0.01; Chi2 = 1.57, df = 1 (P = 0.21); I2 =36%

Test for overall effect: Z = 2.79 (P = 0.0053)

3 No children hospitalised pre-trial

Shewade 2013 (6) 6/13 1/13 0.5 % 6.00 [ 0.83, 43.13 ]

Subtotal (95% CI) 13 13 0.5 % 6.00 [ 0.83, 43.13 ]

Total events: 6 (RUTF), 1 (Other diet)

Heterogeneity: not applicable

Test for overall effect: Z = 1.78 (P = 0.075)

Total (95% CI) 1170 682 100.0 % 1.33 [ 1.16, 1.54 ]

Total events: 615 (RUTF), 267 (Other diet)

Heterogeneity: Tau2 = 0.01; Chi2 = 7.54, df = 5 (P = 0.18); I2 =34%

Test for overall effect: Z = 3.96 (P = 0.000075)

Test for subgroup differences: Chi2 = 2.42, df = 2 (P = 0.30), I2 =17%

0.1 0.2 0.5 1 2 5 10

Favours other diet Favours RUTF
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(1) WHZ > -2 within 8 weeks of intervention.

(2) HIV-uninfected; WHZ > 0 within 16 weeks of intervention.

(3) HIV-infected; 100% weight for height within ”some weeks” of intervention.

(4) WHZ ≥ -2 and absence of oedema within 16 weeks of intervention.

(5) WHZ > -2 and without oedema, relapse or death within 8 weeks of intervention.

(6) 115% of baseline weight within 12 weeks of intervention.

Analysis 1.3. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 3 Recovery at follow-up.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 3 Recovery at follow-up

Study or subgroup RUTF Other diet Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Bhandari 2016 (1) 82/557 41/281 64.6 % 1.01 [ 0.71, 1.43 ]

Jadhav 2016 (2) 19/33 16/36 35.4 % 1.30 [ 0.81, 2.07 ]

Total (95% CI) 590 317 100.0 % 1.10 [ 0.83, 1.46 ]

Total events: 101 (RUTF), 57 (Other diet)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.75, df = 1 (P = 0.39); I2 =0.0%

Test for overall effect: Z = 0.69 (P = 0.49)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours other diet Favours RUTF

(1) WHZ ≥ -2 at 16 weeks after the intervention period.

(2) WHZ > -2 at 6 months after the intervention period.
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Analysis 1.4. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 4 Relapse during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 4 Relapse during intervention

Study or subgroup RUTF Other diet Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Bhandari 2016 (1) 87/605 46/301 37.7 % 0.94 [ 0.68, 1.31 ]

Ciliberto 2005 (2) 18/290 7/62 23.6 % 0.55 [ 0.24, 1.26 ]

Manary 2004 (3) 7/68 32/114 25.4 % 0.37 [ 0.17, 0.78 ]

Ndekha 2005 (4) 2/20 17/45 13.4 % 0.26 [ 0.07, 1.04 ]

Total (95% CI) 983 522 100.0 % 0.55 [ 0.30, 1.01 ]

Total events: 114 (RUTF), 102 (Other diet)

Heterogeneity: Tau2 = 0.22; Chi2 = 8.10, df = 3 (P = 0.04); I2 =63%

Test for overall effect: Z = 1.94 (P = 0.053)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours RUTF Favours other diet

(1) Children hospitalised and lost to follow-up over 16 weeks of intervention.

(2) Recurrence of oedema or systemic infection over 8 weeks of intervention.

(3) HIV-uninfected; recurrence of oedema or systemic infection over 16 weeks of intervention.

(4) HIV-infected; hospitalisation and lost to follow-up over ”some weeks” of intervention.
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Analysis 1.5. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 5 Relapse during intervention: pre-trial

hospitalisation subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 5 Relapse during intervention: pre-trial hospitalisation subgroups

Study or subgroup RUTF Other diet Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 All children hospitalised pre-trial

Manary 2004 (1) 7/68 32/114 25.4 % 0.37 [ 0.17, 0.78 ]

Ndekha 2005 (2) 2/20 17/45 13.4 % 0.26 [ 0.07, 1.04 ]

Subtotal (95% CI) 88 159 38.7 % 0.34 [ 0.17, 0.66 ]

Total events: 9 (RUTF), 49 (Other diet)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.17, df = 1 (P = 0.68); I2 =0.0%

Test for overall effect: Z = 3.18 (P = 0.0014)

2 Some children hospitalised pre-trial

Bhandari 2016 (3) 87/605 46/301 37.7 % 0.94 [ 0.68, 1.31 ]

Ciliberto 2005 (4) 18/290 7/62 23.6 % 0.55 [ 0.24, 1.26 ]

Subtotal (95% CI) 895 363 61.3 % 0.83 [ 0.53, 1.30 ]

Total events: 105 (RUTF), 53 (Other diet)

Heterogeneity: Tau2 = 0.04; Chi2 = 1.40, df = 1 (P = 0.24); I2 =28%

Test for overall effect: Z = 0.83 (P = 0.41)

Total (95% CI) 983 522 100.0 % 0.55 [ 0.30, 1.01 ]

Total events: 114 (RUTF), 102 (Other diet)

Heterogeneity: Tau2 = 0.22; Chi2 = 8.10, df = 3 (P = 0.04); I2 =63%

Test for overall effect: Z = 1.94 (P = 0.053)

Test for subgroup differences: Chi2 = 4.73, df = 1 (P = 0.03), I2 =79%

0.01 0.1 1 10 100

Favours RUTF Favours other diet

(1) HIV-uninfected; recurrence of oedema or systemic infection over 16 weeks of intervention.

(2) HIV-infected; hospitalisation and lost to follow-up over ”some weeks” of intervention.

(3) Children hospitalised and lost to follow-up over 16 weeks of intervention.

(4) Recurrence of oedema or systemic infection over 8 weeks of intervention.
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Analysis 1.6. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 6 Relapse during intervention: factory- versus

local site-produced subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 6 Relapse during intervention: factory- versus local site-produced subgroups

Study or subgroup RUTF Other diet Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 Factory-produced

Bhandari 2016 (1) 48/298 23/151 28.3 % 1.06 [ 0.67, 1.67 ]

Ciliberto 2005 (2) 18/290 7/62 16.9 % 0.55 [ 0.24, 1.26 ]

Manary 2004 (3) 7/68 32/114 18.6 % 0.37 [ 0.17, 0.78 ]

Ndekha 2005 (4) 2/20 17/45 8.5 % 0.26 [ 0.07, 1.04 ]

Subtotal (95% CI) 676 372 72.4 % 0.56 [ 0.29, 1.06 ]

Total events: 75 (RUTF), 79 (Other diet)

Heterogeneity: Tau2 = 0.27; Chi2 = 8.31, df = 3 (P = 0.04); I2 =64%

Test for overall effect: Z = 1.77 (P = 0.077)

2 Local site-produced

Bhandari 2016 (5) 39/307 23/150 27.6 % 0.83 [ 0.51, 1.33 ]

Subtotal (95% CI) 307 150 27.6 % 0.83 [ 0.51, 1.33 ]

Total events: 39 (RUTF), 23 (Other diet)

Heterogeneity: not applicable

Test for overall effect: Z = 0.77 (P = 0.44)

Total (95% CI) 983 522 100.0 % 0.65 [ 0.41, 1.01 ]

Total events: 114 (RUTF), 102 (Other diet)

Heterogeneity: Tau2 = 0.13; Chi2 = 8.61, df = 4 (P = 0.07); I2 =54%

Test for overall effect: Z = 1.91 (P = 0.056)

Test for subgroup differences: Chi2 = 0.94, df = 1 (P = 0.33), I2 =0.0%

0.01 0.1 1 10 100

Favours RUTF Favours other diet

(1) Children hospitalised and lost to follow-up over 16 weeks of intervention.

(2) Recurrence of oedema or systemic infection over 8 weeks of intervention.

(3) HIV-uninfected; recurrence of oedema or systemic infection over 16 weeks of intervention.

(4) HIV-infected; hospitalisation and lost to follow-up over ”some weeks” of intervention.

(5) Children hospitalised and lost to follow-up over 16 weeks of intervention.
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Analysis 1.7. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 7 Relapse during intervention: HIV status

subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 7 Relapse during intervention: HIV status subgroups

Study or subgroup RUTF Other diet Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 HIV-uninfected or untested

Bhandari 2016 (1) 87/605 46/301 37.7 % 0.94 [ 0.68, 1.31 ]

Ciliberto 2005 (2) 18/290 7/62 23.6 % 0.55 [ 0.24, 1.26 ]

Manary 2004 (3) 7/68 32/114 25.4 % 0.37 [ 0.17, 0.78 ]

Subtotal (95% CI) 963 477 86.6 % 0.62 [ 0.34, 1.15 ]

Total events: 112 (RUTF), 85 (Other diet)

Heterogeneity: Tau2 = 0.19; Chi2 = 5.75, df = 2 (P = 0.06); I2 =65%

Test for overall effect: Z = 1.52 (P = 0.13)

2 HIV-infected

Ndekha 2005 (4) 2/20 17/45 13.4 % 0.26 [ 0.07, 1.04 ]

Subtotal (95% CI) 20 45 13.4 % 0.26 [ 0.07, 1.04 ]

Total events: 2 (RUTF), 17 (Other diet)

Heterogeneity: not applicable

Test for overall effect: Z = 1.91 (P = 0.057)

Total (95% CI) 983 522 100.0 % 0.55 [ 0.30, 1.01 ]

Total events: 114 (RUTF), 102 (Other diet)

Heterogeneity: Tau2 = 0.22; Chi2 = 8.10, df = 3 (P = 0.04); I2 =63%

Test for overall effect: Z = 1.94 (P = 0.053)

Test for subgroup differences: Chi2 = 1.25, df = 1 (P = 0.26), I2 =20%

0.01 0.1 1 10 100

Favours RUTF Favours other diet

(1) Children hospitalised and lost to follow-up over 16 weeks of intervention.

(2) Recurrence of oedema or systemic infection over 8 weeks of intervention.

(3) HIV-uninfected; recurrence of oedema or systemic infection over 16 weeks of intervention.

(4) HIV-infected; hospitalisation and lost to follow-up over ”some weeks” of intervention.
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Analysis 1.8. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 8 Relapse at follow-up.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 8 Relapse at follow-up

Study or subgroup RUTF Other diet Risk Ratio Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Bhandari 2016 (1) 13/557 9/281 0.73 [ 0.32, 1.68 ]

0.01 0.1 1 10 100

Favours RUTF Favours other diet

(1) Children hospitalised during the 16 weeks after the intervention period.

Analysis 1.9. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 9 Mortality during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 9 Mortality during intervention

Study or subgroup RUTF Other diet Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Bhandari 2016 (1) 3/605 0/301 6.0 % 3.49 [ 0.18, 67.32 ]

Ciliberto 2005 (2) 11/290 4/62 42.7 % 0.59 [ 0.19, 1.79 ]

Manary 2004 (3) 3/68 4/114 24.5 % 1.26 [ 0.29, 5.45 ]

Ndekha 2005 (4) 3/20 4/45 26.8 % 1.69 [ 0.42, 6.85 ]

Total (95% CI) 983 522 100.0 % 1.05 [ 0.51, 2.16 ]

Total events: 20 (RUTF), 12 (Other diet)

Heterogeneity: Tau2 = 0.0; Chi2 = 2.20, df = 3 (P = 0.53); I2 =0.0%

Test for overall effect: Z = 0.12 (P = 0.90)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours RUTF Favours other diet

133Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



(1) Reasons for deaths not reported.

(2) All death considered to be a consequence of malnutrition.

(3) HIV-uninfected; reasons for death not reported.

(4) HIV-infected; reasons for death not reported.

Analysis 1.10. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 10 Mortality during intervention: pre-trial

hospitalisation subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 10 Mortality during intervention: pre-trial hospitalisation subgroups

Study or subgroup RUTF Other diet Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 All children hospitalised pre-trial

Manary 2004 (1) 3/68 4/114 24.5 % 1.26 [ 0.29, 5.45 ]

Ndekha 2005 (2) 3/20 4/45 26.8 % 1.69 [ 0.42, 6.85 ]

Subtotal (95% CI) 88 159 51.3 % 1.47 [ 0.53, 4.04 ]

Total events: 6 (RUTF), 8 (Other diet)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.08, df = 1 (P = 0.78); I2 =0.0%

Test for overall effect: Z = 0.74 (P = 0.46)

2 Some children hospitalised pre-trial

Bhandari 2016 (3) 3/605 0/301 6.0 % 3.49 [ 0.18, 67.32 ]

Ciliberto 2005 (4) 11/290 4/62 42.7 % 0.59 [ 0.19, 1.79 ]

Subtotal (95% CI) 895 363 48.7 % 0.86 [ 0.20, 3.73 ]

Total events: 14 (RUTF), 4 (Other diet)

Heterogeneity: Tau2 = 0.39; Chi2 = 1.30, df = 1 (P = 0.25); I2 =23%

Test for overall effect: Z = 0.21 (P = 0.84)

Total (95% CI) 983 522 100.0 % 1.05 [ 0.51, 2.16 ]

Total events: 20 (RUTF), 12 (Other diet)

Heterogeneity: Tau2 = 0.0; Chi2 = 2.20, df = 3 (P = 0.53); I2 =0.0%

Test for overall effect: Z = 0.12 (P = 0.90)

Test for subgroup differences: Chi2 = 0.35, df = 1 (P = 0.56), I2 =0.0%

0.01 0.1 1 10 100

Favours RUTF Favours other diet
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(1) HIV-uninfected; reasons for death not reported.

(2) HIV-infected; reasons for death not reported.

(3) Reasons for deaths not reported.

(4) All death considered to be a consequence of malnutrition.

Analysis 1.11. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 11 Rate of weight gain (g/kg/day) during

intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 11 Rate of weight gain (g/kg/day) during intervention

Study or subgroup RUTF Other diet
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Bhandari 2016 (1) 570 3.29 (3.68) 285 2.64 (3.47) 39.6 % 0.65 [ 0.15, 1.15 ]

Ciliberto 2005 (2) 290 3.7 (4.3) 62 3 (8.8) 10.9 % 0.70 [ -1.55, 2.95 ]

Manary 2004 (3) 66 5.1 (3) 112 3 (3.1) 29.8 % 2.10 [ 1.18, 3.02 ]

Ndekha 2005 (4) 20 3.2 (2.8) 45 2.4 (2.6) 19.7 % 0.80 [ -0.64, 2.24 ]

Total (95% CI) 946 504 100.0 % 1.12 [ 0.27, 1.96 ]

Heterogeneity: Tau2 = 0.41; Chi2 = 7.40, df = 3 (P = 0.06); I2 =59%

Test for overall effect: Z = 2.58 (P = 0.0098)

Test for subgroup differences: Not applicable

-4 -2 0 2 4

Favours other diet Favours RUTF

(1) Change between baseline and recovery or 16 weeks of intervention, whichever was earlier.

(2) Change between baseline and week 4 of 8 weeks of intervention.

(3) HIV-uninfected; change between baseline and week 4 of 16 weeks of intervention.

(4) HIV-infected; change between baseline and week 4 of intervention that lasted for ”some weeks”.
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Analysis 1.12. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 12 Rate of weight gain (g/kg/day) during

intervention: pre-trial hospitalisation subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 12 Rate of weight gain (g/kg/day) during intervention: pre-trial hospitalisation subgroups

Study or subgroup RUTF Other diet
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 All children hospitalised pre-trial

Manary 2004 (1) 66 5.1 (3) 112 3 (3.1) 29.8 % 2.10 [ 1.18, 3.02 ]

Ndekha 2005 (2) 20 3.2 (2.8) 45 2.4 (2.6) 19.7 % 0.80 [ -0.64, 2.24 ]

Subtotal (95% CI) 86 157 49.5 % 1.57 [ 0.32, 2.82 ]

Heterogeneity: Tau2 = 0.46; Chi2 = 2.21, df = 1 (P = 0.14); I2 =55%

Test for overall effect: Z = 2.46 (P = 0.014)

2 Some children hospitalised pre-trial

Bhandari 2016 (3) 570 3.29 (3.68) 285 2.64 (3.47) 39.6 % 0.65 [ 0.15, 1.15 ]

Ciliberto 2005 (4) 290 3.7 (4.3) 62 3 (8.8) 10.9 % 0.70 [ -1.55, 2.95 ]

Subtotal (95% CI) 860 347 50.5 % 0.65 [ 0.16, 1.14 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.00, df = 1 (P = 0.97); I2 =0.0%

Test for overall effect: Z = 2.60 (P = 0.0093)

Total (95% CI) 946 504 100.0 % 1.12 [ 0.27, 1.96 ]

Heterogeneity: Tau2 = 0.41; Chi2 = 7.40, df = 3 (P = 0.06); I2 =59%

Test for overall effect: Z = 2.58 (P = 0.0098)

Test for subgroup differences: Chi2 = 1.80, df = 1 (P = 0.18), I2 =45%

-4 -2 0 2 4

Favours other diet Favours RUTF

(1) HIV-uninfected; change between baseline and week 4 of 16 weeks of intervention.

(2) HIV-infected; change between baseline and week 4 of intervention that lasted for ”some weeks”.

(3) Change between baseline and recovery or 16 weeks of intervention, whichever was earlier.

(4) Change between baseline and week 4 of 8 weeks of intervention.
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Analysis 1.13. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 13 Rate of weight gain (g/kg/day) during

intervention: factory- versus local site-produced subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 13 Rate of weight gain (g/kg/day) during intervention: factory- versus local site-produced subgroups

Study or subgroup RUTF Other diet
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 Factory-produced

Bhandari 2016 (1) 280 3.05 (3.41) 143 2.64 (3.47) 28.4 % 0.41 [ -0.28, 1.10 ]

Ciliberto 2005 (2) 290 3.7 (4.3) 62 3 (8.8) 7.2 % 0.70 [ -1.55, 2.95 ]

Manary 2004 (3) 66 5.1 (3) 112 3 (3.1) 22.9 % 2.10 [ 1.18, 3.02 ]

Ndekha 2005 (4) 20 3.2 (2.8) 45 2.4 (2.6) 13.9 % 0.80 [ -0.64, 2.24 ]

Subtotal (95% CI) 656 362 72.4 % 1.05 [ 0.08, 2.02 ]

Heterogeneity: Tau2 = 0.58; Chi2 = 8.35, df = 3 (P = 0.04); I2 =64%

Test for overall effect: Z = 2.12 (P = 0.034)

2 Local site-produced

Bhandari 2016 (5) 290 3.52 (3.92) 142 2.64 (3.47) 27.6 % 0.88 [ 0.15, 1.61 ]

Subtotal (95% CI) 290 142 27.6 % 0.88 [ 0.15, 1.61 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.37 (P = 0.018)

Total (95% CI) 946 504 100.0 % 1.00 [ 0.34, 1.66 ]

Heterogeneity: Tau2 = 0.27; Chi2 = 8.40, df = 4 (P = 0.08); I2 =52%

Test for overall effect: Z = 2.97 (P = 0.0030)

Test for subgroup differences: Chi2 = 0.07, df = 1 (P = 0.79), I2 =0.0%

-4 -2 0 2 4

Favours other diet Favours RUTF

(1) Change between baseline and recovery or 16 weeks of intervention, whichever was earlier.

(2) Change between baseline and week 4 of 8 weeks of intervention.

(3) HIV-uninfected; change between baseline and week 4 of 16 weeks of intervention.

(4) HIV-infected; change between baseline and week 4 of intervention that lasted for ”some weeks”.

(5) Change between baseline and recovery or 16 weeks of intervention, whichever was earlier.
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Analysis 1.14. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 14 Rate of weight gain (g/kg/day) during

intervention: HIV status subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 14 Rate of weight gain (g/kg/day) during intervention: HIV status subgroups

Study or subgroup RUTF Other diet
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 HIV-uninfected or untested

Bhandari 2016 (1) 570 3.29 (3.68) 285 2.64 (3.47) 39.6 % 0.65 [ 0.15, 1.15 ]

Ciliberto 2005 (2) 290 3.7 (4.3) 62 3 (8.8) 10.9 % 0.70 [ -1.55, 2.95 ]

Manary 2004 (3) 66 5.1 (3) 112 3 (3.1) 29.8 % 2.10 [ 1.18, 3.02 ]

Subtotal (95% CI) 926 459 80.3 % 1.20 [ 0.08, 2.33 ]

Heterogeneity: Tau2 = 0.66; Chi2 = 7.35, df = 2 (P = 0.03); I2 =73%

Test for overall effect: Z = 2.09 (P = 0.036)

2 HIV-infected

Ndekha 2005 (4) 20 3.2 (2.8) 45 2.4 (2.6) 19.7 % 0.80 [ -0.64, 2.24 ]

Subtotal (95% CI) 20 45 19.7 % 0.80 [ -0.64, 2.24 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.09 (P = 0.28)

Total (95% CI) 946 504 100.0 % 1.12 [ 0.27, 1.96 ]

Heterogeneity: Tau2 = 0.41; Chi2 = 7.40, df = 3 (P = 0.06); I2 =59%

Test for overall effect: Z = 2.58 (P = 0.0098)

Test for subgroup differences: Chi2 = 0.19, df = 1 (P = 0.67), I2 =0.0%

-4 -2 0 2 4

Favours other diet Favours RUTF

(1) Change between baseline and recovery or 16 weeks of intervention, whichever was earlier.

(2) Change between baseline and week 4 of 8 weeks of intervention.

(3) HIV-uninfected; change between baseline and week 4 of 16 weeks of intervention.

(4) HIV-infected; change between baseline and week 4 of intervention that lasted for ”some weeks”.
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Analysis 1.15. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 15 Time to recovery (days) during

intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 15 Time to recovery (days) during intervention

Study or subgroup RUTF Other diet
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Bhandari 2016 (1) 298 41.91 (28.05) 122 49.84 (31.78) 65.3 % -7.93 [ -14.41, -1.45 ]

Manary 2004 (2) 58 51 (27) 78 58 (25) 34.7 % -7.00 [ -15.89, 1.89 ]

Total (95% CI) 356 200 100.0 % -7.61 [ -12.84, -2.37 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.03, df = 1 (P = 0.87); I2 =0.0%

Test for overall effect: Z = 2.85 (P = 0.0044)

Test for subgroup differences: Not applicable

-20 -10 0 10 20

Favours RUTF Favours other diet

(1) Only measured in those who recovered.

(2) HIV-uninfected; only measured in those who recovered.

Analysis 1.16. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 16 Weight-for-height z score (WHZ) during

intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 16 Weight-for-height z score (WHZ) during intervention

Study or subgroup RUTF Other diet
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Ciliberto 2005 (1) 62 -2.5 (1) 290 -2.5 (1.1) 0.0 [ -0.28, 0.28 ]

-1 -0.5 0 0.5 1

Favours other diet Favours RUTF
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(1) End values, probably after 8 weeks of intervention.

Analysis 1.17. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 17 WHZ at follow-up.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 17 WHZ at follow-up

Study or subgroup RUTF Other diet
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Bhandari 2016 (1) 557 0.7 (0.76) 281 0.65 (0.7) 94.0 % 0.05 [ -0.05, 0.15 ]

Manary 2004 (2) 39 -0.5 (1.15) 60 -0.69 (0.75) 6.0 % 0.19 [ -0.22, 0.60 ]

Total (95% CI) 596 341 100.0 % 0.06 [ -0.04, 0.16 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.43, df = 1 (P = 0.51); I2 =0.0%

Test for overall effect: Z = 1.14 (P = 0.25)

Test for subgroup differences: Not applicable

-1 -0.5 0 0.5 1

Favours other diet Favours RUTF

(1) Change between enrolment and 16 weeks after the intervention ended.

(2) HIV-uninfected; end values among recovered children who were assessed 6 months after the intervention.
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Analysis 1.18. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 18 Length/height gain (mm/day) during

intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 18 Length/height gain (mm/day) during intervention

Study or subgroup RUTF Other diet
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Ciliberto 2005 (1) 290 0.2 (0.33) 62 0.04 (0.35) 67.7 % 0.16 [ 0.06, 0.26 ]

Ndekha 2005 (2) 20 0.31 (0.33) 45 0.28 (0.36) 32.3 % 0.03 [ -0.15, 0.21 ]

Total (95% CI) 310 107 100.0 % 0.12 [ 0.00, 0.24 ]

Heterogeneity: Tau2 = 0.00; Chi2 = 1.58, df = 1 (P = 0.21); I2 =37%

Test for overall effect: Z = 1.94 (P = 0.052)

Test for subgroup differences: Not applicable

-1 -0.5 0 0.5 1

Favours other diet Favours RUTF

(1) Change in ”height gain” over 8 weeks of intervention.

(2) Change in ”statural growth” over first 4 weeks of ”some weeks” of intervention.

Analysis 1.19. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 19 Height-for-age z score (HAZ) at follow-up.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 19 Height-for-age z score (HAZ) at follow-up

Study or subgroup RUTF Other diet
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Bhandari 2016 (1) 557 0.06 (0.58) 281 0.08 (0.47) -0.02 [ -0.09, 0.05 ]

-1 -0.5 0 0.5 1

Favours other diet Favours RUTF

(1) Change between enrolment and 16 weeks after the intervention ended.
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Analysis 1.20. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 20 Mid-upper arm circumference (MUAC) gain

(mm/day) during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 20 Mid-upper arm circumference (MUAC) gain (mm/day) during intervention

Study or subgroup RUTF Other diet
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Ciliberto 2005 (1) 290 0.42 (0.71) 62 0.28 (0.44) 34.0 % 0.14 [ 0.00, 0.28 ]

Manary 2004 (2) 58 0.43 (0.35) 95 0.27 (0.25) 53.7 % 0.16 [ 0.06, 0.26 ]

Ndekha 2005 (3) 20 0.23 (0.29) 45 0.27 (0.69) 12.4 % -0.04 [ -0.28, 0.20 ]

Total (95% CI) 368 202 100.0 % 0.13 [ 0.04, 0.21 ]

Heterogeneity: Tau2 = 0.00; Chi2 = 2.30, df = 2 (P = 0.32); I2 =13%

Test for overall effect: Z = 2.92 (P = 0.0035)

Test for subgroup differences: Not applicable

-1 -0.5 0 0.5 1

Favours other diet Favours RUTF

(1) Change between baseline and end of week 4 of 8 weeks of intervention.

(2) HIV-uninfected; change between baseline and week 4 of 16 weeks of intervention.

(3) HIV-infected; change between baseline and week 4 of ”some weeks” of intervention.
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Analysis 1.21. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 21 MUAC gain (cm) at follow-up.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 21 MUAC gain (cm) at follow-up

Study or subgroup RUTF Other diet
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Bhandari 2016 (1) 557 7.46 (7.38) 281 7.5 (6.8) -0.04 [ -1.04, 0.96 ]

-10 -5 0 5 10

Favours other diet Favours RUTF

(1) Change between baseline and 16 weeks after intervention period.

Analysis 1.22. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 22 Diarrhoea events during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 22 Diarrhoea events during intervention

Study or subgroup RUTF Other diet Risk Ratio Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Bhandari 2016 (1) 201/484 101/243 1.00 [ 0.83, 1.20 ]

0.5 0.7 1 1.5 2

Favours RUTF Favours other diet

(1) Measured at any time during the 16 weeks of intervention.
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Analysis 1.23. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 23 Days of diarrhoea during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 23 Days of diarrhoea during intervention

Study or subgroup RUTF Other diet
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Ciliberto 2005 (1) 290 0.7 (1.7) 62 1.3 (2.7) -0.60 [ -1.30, 0.10 ]

-2 -1 0 1 2

Favours RUTF Favours other diet

(1) Measured over the first two weeks of the 8 week intervention period.

Analysis 1.24. Comparison 1 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus an alternative dietary approach, Outcome 24 Acceptability.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 1 Standard RUTF provided at a dose that meets total daily nutritional requirements versus an alternative dietary approach

Outcome: 24 Acceptability

Study or subgroup RUTF Other diet Risk Ratio Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Thapa 2017 (1) 52/56 38/56 1.37 [ 1.13, 1.66 ]

0.01 0.1 1 10 100

Favours other diet Favours RUTF

(1) Caregivers were asked daily how eagerly their children accepted the intervention.
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Analysis 2.1. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus as a supplement to the usual diet, Outcome 1 Recovery during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a supplement to the usual diet

Outcome: 1 Recovery during intervention

Study or subgroup RUTF Supplement Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 HIV-uninfected children

Manary 2004 (1) 58/68 58/94 86.4 % 1.38 [ 1.15, 1.67 ]

Subtotal (95% CI) 68 94 86.4 % 1.38 [ 1.15, 1.67 ]

Total events: 58 (RUTF), 58 (Supplement)

Heterogeneity: not applicable

Test for overall effect: Z = 3.39 (P = 0.00071)

2 HIV-infected children

Ndekha 2005 (2) 15/20 13/28 13.6 % 1.62 [ 1.01, 2.59 ]

Subtotal (95% CI) 20 28 13.6 % 1.62 [ 1.01, 2.59 ]

Total events: 15 (RUTF), 13 (Supplement)

Heterogeneity: not applicable

Test for overall effect: Z = 1.99 (P = 0.046)

Total (95% CI) 88 122 100.0 % 1.41 [ 1.19, 1.68 ]

Total events: 73 (RUTF), 71 (Supplement)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.37, df = 1 (P = 0.54); I2 =0.0%

Test for overall effect: Z = 3.88 (P = 0.00010)

Test for subgroup differences: Chi2 = 0.36, df = 1 (P = 0.55), I2 =0.0%

0.2 0.5 1 2 5

Favours Supplement Favours RUTF

(1) WHZ > 0 within 16 weeks of intervention.

(2) Reaching 100% weight for height within ”some weeks” of intervention.
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Analysis 2.2. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus as a supplement to the usual diet, Outcome 2 Relapse during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a supplement to the usual diet

Outcome: 2 Relapse during intervention

Study or subgroup RUTF Supplement Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 HIV-uninfected children

Manary 2004 (1) 0/68 10/94 51.6 % 0.07 [ 0.00, 1.10 ]

Subtotal (95% CI) 68 94 51.6 % 0.07 [ 0.00, 1.10 ]

Total events: 0 (RUTF), 10 (Supplement)

Heterogeneity: not applicable

Test for overall effect: Z = 1.89 (P = 0.058)

2 HIV-infected children

Ndekha 2005 (2) 0/20 3/28 48.4 % 0.20 [ 0.01, 3.62 ]

Subtotal (95% CI) 20 28 48.4 % 0.20 [ 0.01, 3.62 ]

Total events: 0 (RUTF), 3 (Supplement)

Heterogeneity: not applicable

Test for overall effect: Z = 1.09 (P = 0.27)

Total (95% CI) 88 122 100.0 % 0.11 [ 0.01, 0.85 ]

Total events: 0 (RUTF), 13 (Supplement)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.30, df = 1 (P = 0.58); I2 =0.0%

Test for overall effect: Z = 2.12 (P = 0.034)

Test for subgroup differences: Chi2 = 0.28, df = 1 (P = 0.59), I2 =0.0%

0.005 0.1 1 10 200

Favours RUTF Favours Supplement

(1) Recurrence of oedema or systemic infection over 16 weeks of intervention.

(2) Hospitalisation and lost to follow-up over ”some weeks” of intervention.
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Analysis 2.3. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus as a supplement to the usual diet, Outcome 3 Mortality during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a supplement to the usual diet

Outcome: 3 Mortality during intervention

Study or subgroup RUTF Supplement Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 HIV-uninfected children

Manary 2004 (1) 3/68 2/94 38.1 % 2.07 [ 0.36, 12.07 ]

Subtotal (95% CI) 68 94 38.1 % 2.07 [ 0.36, 12.07 ]

Total events: 3 (RUTF), 2 (Supplement)

Heterogeneity: not applicable

Test for overall effect: Z = 0.81 (P = 0.42)

2 HIV-infected children

Ndekha 2005 (2) 3/20 4/28 61.9 % 1.05 [ 0.26, 4.18 ]

Subtotal (95% CI) 20 28 61.9 % 1.05 [ 0.26, 4.18 ]

Total events: 3 (RUTF), 4 (Supplement)

Heterogeneity: not applicable

Test for overall effect: Z = 0.07 (P = 0.94)

Total (95% CI) 88 122 100.0 % 1.36 [ 0.46, 4.04 ]

Total events: 6 (RUTF), 6 (Supplement)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.36, df = 1 (P = 0.55); I2 =0.0%

Test for overall effect: Z = 0.56 (P = 0.58)

Test for subgroup differences: Chi2 = 0.35, df = 1 (P = 0.55), I2 =0.0%

0.05 0.2 1 5 20

Favours RUTF Favours Supplement

(1) HIV-uninfected; reasons for death not reported.

(2) HIV-infected; reasons for death not reported.
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Analysis 2.4. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus as a supplement to the usual diet, Outcome 4 Rate of weight gain (g/kg/day) during

intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a supplement to the usual diet

Outcome: 4 Rate of weight gain (g/kg/day) during intervention

Study or subgroup RUTF Supplement
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 HIV-uninfected children

Manary 2004 (1) 66 5.1 (3) 92 3 (3.2) 55.6 % 2.10 [ 1.12, 3.08 ]

Subtotal (95% CI) 66 92 55.6 % 2.10 [ 1.12, 3.08 ]

Heterogeneity: not applicable

Test for overall effect: Z = 4.22 (P = 0.000024)

2 HIV-infected children

Ndekha 2005 (2) 20 3.2 (2.8) 28 3.1 (2.9) 44.4 % 0.10 [ -1.53, 1.73 ]

Subtotal (95% CI) 20 28 44.4 % 0.10 [ -1.53, 1.73 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.12 (P = 0.90)

Total (95% CI) 86 120 100.0 % 1.21 [ -0.74, 3.16 ]

Heterogeneity: Tau2 = 1.53; Chi2 = 4.26, df = 1 (P = 0.04); I2 =76%

Test for overall effect: Z = 1.22 (P = 0.22)

Test for subgroup differences: Chi2 = 4.26, df = 1 (P = 0.04), I2 =76%

-4 -2 0 2 4

Favours Supplement Favours RUTF

(1) Change between baseline and week 4 of 16 weeks of intervention.

(2) Change between baseline and week 4 of intervention that lasted for ”some weeks”.
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Analysis 2.5. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus as a supplement to the usual diet, Outcome 5 Time to recovery (days) during

intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a supplement to the usual diet

Outcome: 5 Time to recovery (days) during intervention

Study or subgroup RUTF Supplement
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Manary 2004 (1) 58 51 (27) 58 61 (23) -10.00 [ -19.13, -0.87 ]

-20 -10 0 10 20

Favours RUTF Favours Supplement

(1) HIV-uninfected; only measured in those who recovered.

Analysis 2.6. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus as a supplement to the usual diet, Outcome 6 WHZ at follow-up.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a supplement to the usual diet

Outcome: 6 WHZ at follow-up

Study or subgroup RUTF Supplement
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Manary 2004 (1) 39 -0.5 (1.15) 33 -0.6 (0.83) 0.10 [ -0.36, 0.56 ]

-1 -0.5 0 0.5 1

Favours Supplement Favours RUTF

(1) HIV-uninfected; end values among recovered children who were assessed at follow-up, 6 months after the intervention.
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Analysis 2.7. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus as a supplement to the usual diet, Outcome 7 Length/height gain (mm/day) during

intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a supplement to the usual diet

Outcome: 7 Length/height gain (mm/day) during intervention

Study or subgroup RUTF Supplement
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Ndekha 2005 (1) 20 0.31 (0.33) 28 0.11 (0.36) 0.20 [ 0.00, 0.40 ]

-1 -0.5 0 0.5 1

Favours Supplement Favours RUTF

(1) Change in ”statural growth” over first 4 weeks of ”some weeks” of intervention.
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Analysis 2.8. Comparison 2 Standard RUTF provided at a dose that meets total daily nutritional

requirements versus as a supplement to the usual diet, Outcome 8 MUAC gain (mm/day) during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 2 Standard RUTF provided at a dose that meets total daily nutritional requirements versus as a supplement to the usual diet

Outcome: 8 MUAC gain (mm/day) during intervention

Study or subgroup RUTF Supplement
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 HIV-uninfected children

Manary 2004 (1) 58 0.43 (0.35) 67 0.28 (0.3) 63.0 % 0.15 [ 0.03, 0.27 ]

Subtotal (95% CI) 58 67 63.0 % 0.15 [ 0.03, 0.27 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.55 (P = 0.011)

2 HIV-infected children

Ndekha 2005 (2) 20 0.23 (0.29) 28 0.2 (0.29) 37.0 % 0.03 [ -0.14, 0.20 ]

Subtotal (95% CI) 20 28 37.0 % 0.03 [ -0.14, 0.20 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.35 (P = 0.72)

Total (95% CI) 78 95 100.0 % 0.11 [ -0.01, 0.22 ]

Heterogeneity: Tau2 = 0.00; Chi2 = 1.35, df = 1 (P = 0.25); I2 =26%

Test for overall effect: Z = 1.82 (P = 0.068)

Test for subgroup differences: Chi2 = 1.35, df = 1 (P = 0.25), I2 =26%

-0.5 -0.25 0 0.25 0.5

Favours Supplement Favours RUTF

(1) HIV-uninfected; change over first 4 weeks of 16 weeks of intervention.

(2) HIV-infected; change over first 4 weeks of ”some weeks” of intervention.
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Analysis 3.1. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 1

Recovery during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 1 Recovery during intervention

Study or subgroup Standard RUTF Other RUTF Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Bahwere 2014 (1) 246/292 257/308 26.8 % 1.01 [ 0.94, 1.08 ]

Hsieh 2015a (2) 50/70 48/71 4.0 % 1.06 [ 0.85, 1.31 ]

Irena 2015 (3) 307/504 201/377 12.3 % 1.14 [ 1.02, 1.28 ]

Jones 2015 (4) 17/21 12/20 1.2 % 1.35 [ 0.89, 2.04 ]

Kerac 2009 (5) 172/318 189/333 9.3 % 0.95 [ 0.83, 1.09 ]

Oakley 2010 (6) 790/945 754/929 46.5 % 1.03 [ 0.99, 1.07 ]

Total (95% CI) 2150 2038 100.0 % 1.03 [ 0.99, 1.08 ]

Total events: 1582 (Standard RUTF), 1461 (Other RUTF)

Heterogeneity: Tau2 = 0.00; Chi2 = 6.32, df = 5 (P = 0.28); I2 =21%

Test for overall effect: Z = 1.48 (P = 0.14)

Test for subgroup differences: Not applicable

0.2 0.5 1 2 5

Favours Other RUTF Favours Standard RUTF

(1) Weight gain ≥ 15%, absence of medical complications and oedema, MUAC > 11.0 cm within 16 weeks of intervention.

(2) MUAC > 12.4 cm without oedema within 12 weeks.

(3) Weight gain ≥ 18%, absence of medical complications and oedema, MUAC > 11.0 cm; no maximum intervention period.

(4) MUAC > 11.5 cm or WHZ > -3 or no oedema (depending on admission criteria) on two consecutive visits within 12 weeks of intervention.

(5) WHZ ≥ 80% for two consecutive visits within 10 weeks of intervention.

(6) WHZ > -2 and no edema within 8 weeks of intervention.
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Analysis 3.2. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 2

Recovery during intervention: pre-trial hospitalisation subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 2 Recovery during intervention: pre-trial hospitalisation subgroups

Study or subgroup Standard RUTF Other RUTF Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 All children hospitalised pre-trial

Kerac 2009 (1) 172/318 189/333 9.3 % 0.95 [ 0.83, 1.09 ]

Subtotal (95% CI) 318 333 9.3 % 0.95 [ 0.83, 1.09 ]

Total events: 172 (Standard RUTF), 189 (Other RUTF)

Heterogeneity: not applicable

Test for overall effect: Z = 0.68 (P = 0.49)

2 Some children hospitalised pre-trial

Bahwere 2014 (2) 246/292 257/308 26.8 % 1.01 [ 0.94, 1.08 ]

Jones 2015 (3) 17/21 12/20 1.2 % 1.35 [ 0.89, 2.04 ]

Subtotal (95% CI) 313 328 27.9 % 1.09 [ 0.85, 1.39 ]

Total events: 263 (Standard RUTF), 269 (Other RUTF)

Heterogeneity: Tau2 = 0.02; Chi2 = 1.88, df = 1 (P = 0.17); I2 =47%

Test for overall effect: Z = 0.64 (P = 0.52)

3 No children hospitalised pre-trial

Hsieh 2015a (4) 50/70 48/71 4.0 % 1.06 [ 0.85, 1.31 ]

Irena 2015 (5) 307/504 201/377 12.3 % 1.14 [ 1.02, 1.28 ]

Oakley 2010 (6) 790/945 754/929 46.5 % 1.03 [ 0.99, 1.07 ]

Subtotal (95% CI) 1519 1377 62.8 % 1.06 [ 0.99, 1.14 ]

Total events: 1147 (Standard RUTF), 1003 (Other RUTF)

Heterogeneity: Tau2 = 0.00; Chi2 = 3.09, df = 2 (P = 0.21); I2 =35%

Test for overall effect: Z = 1.59 (P = 0.11)

Total (95% CI) 2150 2038 100.0 % 1.03 [ 0.99, 1.08 ]

Total events: 1582 (Standard RUTF), 1461 (Other RUTF)

Heterogeneity: Tau2 = 0.00; Chi2 = 6.32, df = 5 (P = 0.28); I2 =21%

Test for overall effect: Z = 1.48 (P = 0.14)

Test for subgroup differences: Chi2 = 1.94, df = 2 (P = 0.38), I2 =0.0%

0.2 0.5 1 2 5

Favours Other RUTF Favours Standard RUTF

(1) WHZ ≥ 80% for two consecutive visits.

(2) Weight gain ≥ 15%, absence of medical complications and oedema, MUAC > 11.0 cm within 16 weeks of intervention.

(3) No definition provided; within 12 weeks of intervention.

(4) MUAC > 12.4 cm without oedema within 12 weeks.

(5) Weight gain ≥ 18%, absence of medical complications and oedema, MUAC > 11.0 cm; no maximum intervention period.

(6) WHZ > -2 and no edema within 8 weeks of intervention.
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Analysis 3.3. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 3

Relapse during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 3 Relapse during intervention

Study or subgroup Standard RUTF Other RUTF Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Bahwere 2014 (1) 37/292 42/308 13.3 % 0.93 [ 0.62, 1.40 ]

Hsieh 2015a (2) 6/70 3/71 1.2 % 2.03 [ 0.53, 7.79 ]

Irena 2015 (3) 130/504 120/377 51.8 % 0.81 [ 0.66, 1.00 ]

Jones 2015 (4) 2/21 5/20 1.0 % 0.38 [ 0.08, 1.74 ]

Kerac 2009 (5) 44/318 48/333 15.8 % 0.96 [ 0.66, 1.40 ]

Oakley 2010 (6) 48/945 62/929 16.9 % 0.76 [ 0.53, 1.10 ]

Total (95% CI) 2150 2038 100.0 % 0.84 [ 0.72, 0.98 ]

Total events: 267 (Standard RUTF), 280 (Other RUTF)

Heterogeneity: Tau2 = 0.0; Chi2 = 3.79, df = 5 (P = 0.58); I2 =0.0%

Test for overall effect: Z = 2.24 (P = 0.025)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Favours Standard RUTF Favours Other RUTF

(1) Absent for 3 consecutive visits and could not be traced, or deteriorated condition and needing hospitalisation within 16 weeks of intervention.

(2) Lost to follow-up over 12 weeks of intervention.

(3) Absent for 3 consecutive visits and could not be traced, or inpatient transfer; no maximum intervention period.

(4) Lost to follow-up (including hospitalisation) within 3 months of intervention.

(5) Defaulters, readmissions to inpatient care and lost to follow-up over 10 weeks of intervention.

(6) Remain wasted after 4 consecutive visits, or clinically worsened, and referred to hospital within 8 weeks of intervention.
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Analysis 3.4. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 4

Relapse during intervention: pre-trial hospitalisation subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 4 Relapse during intervention: pre-trial hospitalisation subgroups

Study or subgroup Standard RUTF Other RUTF Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 All children hospitalised pre-trial

Kerac 2009 (1) 44/318 48/333 15.8 % 0.96 [ 0.66, 1.40 ]

Subtotal (95% CI) 318 333 15.8 % 0.96 [ 0.66, 1.40 ]

Total events: 44 (Standard RUTF), 48 (Other RUTF)

Heterogeneity: not applicable

Test for overall effect: Z = 0.21 (P = 0.83)

2 Some children hospitalised pre-trial

Bahwere 2014 (2) 37/292 42/308 13.3 % 0.93 [ 0.62, 1.40 ]

Jones 2015 (3) 2/21 5/20 1.0 % 0.38 [ 0.08, 1.74 ]

Subtotal (95% CI) 313 328 14.3 % 0.81 [ 0.44, 1.52 ]

Total events: 39 (Standard RUTF), 47 (Other RUTF)

Heterogeneity: Tau2 = 0.07; Chi2 = 1.23, df = 1 (P = 0.27); I2 =19%

Test for overall effect: Z = 0.65 (P = 0.52)

3 No children hospitalised pre-trial

Hsieh 2015a (4) 6/70 3/71 1.2 % 2.03 [ 0.53, 7.79 ]

Irena 2015 (5) 130/504 120/377 51.8 % 0.81 [ 0.66, 1.00 ]

Oakley 2010 (6) 48/945 62/929 16.9 % 0.76 [ 0.53, 1.10 ]

Subtotal (95% CI) 1519 1377 69.9 % 0.81 [ 0.68, 0.97 ]

Total events: 184 (Standard RUTF), 185 (Other RUTF)

Heterogeneity: Tau2 = 0.0; Chi2 = 1.90, df = 2 (P = 0.39); I2 =0.0%

Test for overall effect: Z = 2.28 (P = 0.023)

Total (95% CI) 2150 2038 100.0 % 0.84 [ 0.72, 0.98 ]

Total events: 267 (Standard RUTF), 280 (Other RUTF)

Heterogeneity: Tau2 = 0.0; Chi2 = 3.79, df = 5 (P = 0.58); I2 =0.0%

Test for overall effect: Z = 2.24 (P = 0.025)

Test for subgroup differences: Chi2 = 0.62, df = 2 (P = 0.73), I2 =0.0%

0.1 0.2 0.5 1 2 5 10

Favours Standard RUTF Favours Other RUTF

(1) Defaulters, readmissions to inpatient care and lost to follow-up over 10 weeks of intervention.

(2) Absent for 3 consecutive visits and could not be traced, or deteriorated condition and needing hospitalisation within 16 weeks of intervention.

(3) Lost to follow-up (including hospitalisation) within 3 months of intervention.

(4) Lost to follow-up over 12 weeks of intervention.

(5) Absent for 3 consecutive visits and could not be traced, or inpatient transfer; no maximum intervention period.

(6) Remain wasted after 4 consecutive visits, or clinically worsened, and referred to hospital within 8 weeks of intervention.
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Analysis 3.5. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 5

Mortality during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 5 Mortality during intervention

Study or subgroup Standard RUTF Other RUTF Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Bahwere 2014 (1) 2/292 5/308 1.7 % 0.42 [ 0.08, 2.16 ]

Hsieh 2015a (2) 5/70 1/71 1.0 % 5.07 [ 0.61, 42.31 ]

Irena 2015 (3) 63/504 52/377 30.8 % 0.91 [ 0.64, 1.28 ]

Jones 2015 (4) 1/21 3/20 1.0 % 0.32 [ 0.04, 2.80 ]

Kerac 2009 (5) 90/318 85/333 47.5 % 1.11 [ 0.86, 1.43 ]

Oakley 2010 (6) 30/929 34/945 17.4 % 0.90 [ 0.55, 1.45 ]

Sigh 2018 (7) 2/61 0/60 0.5 % 4.92 [ 0.24, 100.37 ]

Total (95% CI) 2195 2114 100.0 % 1.00 [ 0.80, 1.24 ]

Total events: 193 (Standard RUTF), 180 (Other RUTF)

Heterogeneity: Tau2 = 0.01; Chi2 = 6.60, df = 6 (P = 0.36); I2 =9%

Test for overall effect: Z = 0.01 (P = 0.99)

Test for subgroup differences: Not applicable

0.02 0.1 1 10 50

Favours Standard RUTF Favours Other RUTF

(1) Reasons for death not reported

(2) Reasons for death not reported

(3) Reasons for death obtained but not reported

(4) Most deaths related to severe pneumonia

(5) Reasons for death not reported

(6) Reasons for death not reported

(7) Progressed HIV-infection and pulmonary tuberculosis
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Analysis 3.6. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 6

Mortality during intervention: pre-trial hospitalisation subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 6 Mortality during intervention: pre-trial hospitalisation subgroups

Study or subgroup Standard RUTF Other RUTF Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 All children hospitalised pre-trial

Kerac 2009 (1) 90/318 85/333 47.5 % 1.11 [ 0.86, 1.43 ]

Subtotal (95% CI) 318 333 47.5 % 1.11 [ 0.86, 1.43 ]

Total events: 90 (Standard RUTF), 85 (Other RUTF)

Heterogeneity: not applicable

Test for overall effect: Z = 0.80 (P = 0.42)

2 Some children hospitalised pre-trial

Bahwere 2014 (2) 2/292 5/308 1.7 % 0.42 [ 0.08, 2.16 ]

Jones 2015 (3) 1/21 3/20 1.0 % 0.32 [ 0.04, 2.80 ]

Sigh 2018 (4) 2/61 0/60 0.5 % 4.92 [ 0.24, 100.37 ]

Subtotal (95% CI) 374 388 3.2 % 0.60 [ 0.16, 2.33 ]

Total events: 5 (Standard RUTF), 8 (Other RUTF)

Heterogeneity: Tau2 = 0.26; Chi2 = 2.42, df = 2 (P = 0.30); I2 =17%

Test for overall effect: Z = 0.73 (P = 0.46)

3 No children hospitalised pre-trial

Hsieh 2015a (5) 5/70 1/71 1.0 % 5.07 [ 0.61, 42.31 ]

Irena 2015 (6) 63/504 52/377 30.8 % 0.91 [ 0.64, 1.28 ]

Oakley 2010 (7) 30/929 34/945 17.4 % 0.90 [ 0.55, 1.45 ]

Subtotal (95% CI) 1503 1393 49.3 % 0.94 [ 0.67, 1.34 ]

Total events: 98 (Standard RUTF), 87 (Other RUTF)

Heterogeneity: Tau2 = 0.02; Chi2 = 2.51, df = 2 (P = 0.28); I2 =20%

Test for overall effect: Z = 0.32 (P = 0.75)

Total (95% CI) 2195 2114 100.0 % 1.00 [ 0.80, 1.24 ]

Total events: 193 (Standard RUTF), 180 (Other RUTF)

Heterogeneity: Tau2 = 0.01; Chi2 = 6.60, df = 6 (P = 0.36); I2 =9%

Test for overall effect: Z = 0.01 (P = 0.99)

Test for subgroup differences: Chi2 = 1.16, df = 2 (P = 0.56), I2 =0.0%

0.02 0.1 1 10 50

Favours Standard RUTF Favours Other RUTF
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(1) Reasons for death not reported.

(2) Reasons for death not reported.

(3) Most deaths related to severe pneumonia.

(4) Progressed HIV-infection and pulmonary tuberculosis.

(5) Reasons for death not reported.

(6) Reasons for death obtained but not reported.

(7) Reasons for death not reported.

Analysis 3.7. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 7 Rate

of weight gain (g/kg/day) during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 7 Rate of weight gain (g/kg/day) during intervention

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Bahwere 2014 (1) 285 2.9 (4.3) 290 3.1 (4.3) 14.9 % -0.20 [ -0.90, 0.50 ]

Hsieh 2015a (2) 70 2 (2.6) 71 2.8 (3.1) 11.3 % -0.80 [ -1.74, 0.14 ]

Irena 2015 (3) 305 3.2 (3.95) 186 2.2 (3.09) 16.1 % 1.00 [ 0.37, 1.63 ]

Kerac 2009 (4) 318 4.14 (4.1) 333 4.39 (4) 16.2 % -0.25 [ -0.87, 0.37 ]

Oakley 2010 (5) 945 2.44 (2.77) 929 1.94 (2.7) 22.6 % 0.50 [ 0.25, 0.75 ]

Sigh 2018 (6) 38 1.06 (1.09) 37 1.08 (1.02) 18.8 % -0.02 [ -0.50, 0.46 ]

Total (95% CI) 1961 1846 100.0 % 0.11 [ -0.32, 0.54 ]

Heterogeneity: Tau2 = 0.20; Chi2 = 19.17, df = 5 (P = 0.002); I2 =74%

Test for overall effect: Z = 0.50 (P = 0.62)

Test for subgroup differences: Not applicable

-4 -2 0 2 4

Favours Other RUTF Favours Standard RUTF
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(1) Change between baseline and 16 weeks of intervention.

(2) Change between baseline and week 4 of 12 weeks intervention.

(3) Change between baseline and the end of intervention (no maximum number of weeks applied).

(4) Change between the minimum, non-oedematous, inpatient weight and 10 weeks of intervention.

(5) Change between baseline and 8 weeks of intervention.

(6) Using linear mixed model with adjustment over the duration of the trial and the difference between the two RUTFs.

Analysis 3.8. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 8 Rate

of weight gain (g/kg/day) during intervention: pre-trial hospitalisation subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 8 Rate of weight gain (g/kg/day) during intervention: pre-trial hospitalisation subgroups

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 All children hospitalised pre-trial

Kerac 2009 (1) 318 4.14 (4.1) 333 4.39 (4) 16.2 % -0.25 [ -0.87, 0.37 ]

Subtotal (95% CI) 318 333 16.2 % -0.25 [ -0.87, 0.37 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.79 (P = 0.43)

2 Some children hospitalised pre-trial

Bahwere 2014 (2) 285 2.9 (4.3) 290 3.1 (4.3) 14.9 % -0.20 [ -0.90, 0.50 ]

Sigh 2018 (3) 38 1.06 (1.09) 37 1.08 (1.02) 18.8 % -0.02 [ -0.50, 0.46 ]

Subtotal (95% CI) 323 327 33.7 % -0.08 [ -0.47, 0.32 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.17, df = 1 (P = 0.68); I2 =0.0%

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

3 No children hospitalised pre-trial

Hsieh 2015a (4) 70 2 (2.6) 71 2.8 (3.1) 11.3 % -0.80 [ -1.74, 0.14 ]

Irena 2015 (5) 305 3.2 (3.95) 186 2.2 (3.09) 16.1 % 1.00 [ 0.37, 1.63 ]

Oakley 2010 (6) 945 2.44 (2.77) 929 1.94 (2.7) 22.6 % 0.50 [ 0.25, 0.75 ]

Subtotal (95% CI) 1320 1186 50.1 % 0.34 [ -0.40, 1.07 ]

Heterogeneity: Tau2 = 0.32; Chi2 = 9.72, df = 2 (P = 0.01); I2 =79%

-4 -2 0 2 4

Favours Other RUTF Favours Standard RUTF

(Continued . . . )
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(. . . Continued)

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

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

Total (95% CI) 1961 1846 100.0 % 0.11 [ -0.32, 0.54 ]

Heterogeneity: Tau2 = 0.20; Chi2 = 19.17, df = 5 (P = 0.002); I2 =74%

Test for overall effect: Z = 0.50 (P = 0.62)

Test for subgroup differences: Chi2 = 1.48, df = 2 (P = 0.48), I2 =0.0%

-4 -2 0 2 4

Favours Other RUTF Favours Standard RUTF

(1) Change between the minimum, non-oedematous, inpatient weight and 10 weeks of intervention.

(2) Change between baseline and 16 weeks of intervention.

(3) Using linear mixed model with adjustment over the duration of the trial and the difference between the two RUTFs.

(4) Change between baseline and week 4 of 12 weeks intervention.

(5) Change between baseline and the end of intervention (no maximum number of weeks applied).

(6) Change between baseline and 8 weeks of intervention.
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Analysis 3.9. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 9 Rate

of weight gain (g/kg/day) during intervention: different types of control RUTF subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 9 Rate of weight gain (g/kg/day) during intervention: different types of control RUTF subgroups

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 Less or no milk powder

Bahwere 2014 (1) 285 2.9 (4.3) 290 3.1 (4.3) 14.9 % -0.20 [ -0.90, 0.50 ]

Irena 2015 (2) 305 3.2 (3.95) 186 2.2 (3.09) 16.1 % 1.00 [ 0.37, 1.63 ]

Oakley 2010 (3) 945 2.44 (2.77) 929 1.94 (2.7) 22.6 % 0.50 [ 0.25, 0.75 ]

Sigh 2018 (4) 38 1.06 (1.09) 37 1.08 (1.02) 18.8 % -0.02 [ -0.50, 0.46 ]

Subtotal (95% CI) 1573 1442 72.5 % 0.34 [ -0.10, 0.78 ]

Heterogeneity: Tau2 = 0.13; Chi2 = 9.91, df = 3 (P = 0.02); I2 =70%

Test for overall effect: Z = 1.51 (P = 0.13)

2 Standard plus fatty acids

Hsieh 2015a (5) 70 2 (2.6) 71 2.8 (3.1) 11.3 % -0.80 [ -1.74, 0.14 ]

Subtotal (95% CI) 70 71 11.3 % -0.80 [ -1.74, 0.14 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.66 (P = 0.097)

3 Standard plus pre- and probiotics

Kerac 2009 (6) 318 4.14 (4.1) 333 4.39 (4) 16.2 % -0.25 [ -0.87, 0.37 ]

Subtotal (95% CI) 318 333 16.2 % -0.25 [ -0.87, 0.37 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.79 (P = 0.43)

Total (95% CI) 1961 1846 100.0 % 0.11 [ -0.32, 0.54 ]

Heterogeneity: Tau2 = 0.20; Chi2 = 19.17, df = 5 (P = 0.002); I2 =74%

Test for overall effect: Z = 0.50 (P = 0.62)

Test for subgroup differences: Chi2 = 5.63, df = 2 (P = 0.06), I2 =64%

-4 -2 0 2 4

Favours Other RUTF Favours Standard RUTF

(1) Change between baseline and 16 weeks of intervention.

(2) Change between baseline and the end of intervention (no maximum number of weeks applied).

(3) Change between baseline and 8 weeks of intervention.

(4) Using linear mixed model with adjustment over the duration of the trial and the difference between the two RUTFs.

(5) Change between baseline and week 4 of 12 weeks intervention.

(6) Change between the minimum, non-oedematous, inpatient weight and 10 weeks of intervention.
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Analysis 3.10. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 10

Time to recovery (days) during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 10 Time to recovery (days) during intervention

Study or subgroup Standard RUTF Other RUTF
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Bahwere 2014 (1) 292 34.5 (17.44) 303 32.6 (16.43) 1.90 [ -0.82, 4.62 ]

-10 -5 0 5 10

Favours Standard RUTF Favours Other RUTF

(1) Measured across all children over 16 weeks of intervention.

Analysis 3.11. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 11

WHZ during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 11 WHZ during intervention

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Hsieh 2015a (1) 70 -0.6 (1) 71 -0.15 (1.3) 21.0 % -0.45 [ -0.83, -0.07 ]

Oakley 2010 (2) 945 -1.5 (1.1) 929 -1.5 (1.1) 48.3 % 0.0 [ -0.10, 0.10 ]

Sigh 2018 (3) 38 -2.68 (0.62) 37 -2.55 (0.55) 30.7 % -0.13 [ -0.40, 0.14 ]

Total (95% CI) 1053 1037 100.0 % -0.13 [ -0.36, 0.09 ]

Heterogeneity: Tau2 = 0.02; Chi2 = 5.48, df = 2 (P = 0.06); I2 =63%

Test for overall effect: Z = 1.17 (P = 0.24)

Test for subgroup differences: Not applicable

-1 -0.5 0 0.5 1

Favours Other RUTF Favours Standard RUTF
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(1) End value after 12 weeks of intervention.

(2) End value after 8 weeks of intervention.

(3) End value after 8 weeks of intervention.

Analysis 3.12. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 12

WHZ during intervention: pre-trial hospitalisation subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 12 WHZ during intervention: pre-trial hospitalisation subgroups

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 Some children hospitalised pre-trial

Sigh 2018 (1) 38 -2.68 (0.62) 37 -2.55 (0.55) 30.7 % -0.13 [ -0.40, 0.14 ]

Subtotal (95% CI) 38 37 30.7 % -0.13 [ -0.40, 0.14 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.96 (P = 0.34)

2 No children hospitalised pre-trial

Hsieh 2015a (2) 70 -0.6 (1) 71 -0.15 (1.3) 21.0 % -0.45 [ -0.83, -0.07 ]

Oakley 2010 (3) 945 -1.5 (1.1) 929 -1.5 (1.1) 48.3 % 0.0 [ -0.10, 0.10 ]

Subtotal (95% CI) 1015 1000 69.3 % -0.19 [ -0.62, 0.25 ]

Heterogeneity: Tau2 = 0.08; Chi2 = 4.98, df = 1 (P = 0.03); I2 =80%

Test for overall effect: Z = 0.84 (P = 0.40)

Total (95% CI) 1053 1037 100.0 % -0.13 [ -0.36, 0.09 ]

Heterogeneity: Tau2 = 0.02; Chi2 = 5.48, df = 2 (P = 0.06); I2 =63%

Test for overall effect: Z = 1.17 (P = 0.24)

Test for subgroup differences: Chi2 = 0.05, df = 1 (P = 0.83), I2 =0.0%

-1 -0.5 0 0.5 1

Favours Other RUTF Favours Standard RUTF

(1) End value after 8 weeks of intervention.

(2) End value after 12 weeks of intervention.

(3) End value after 8 weeks of intervention.
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Analysis 3.13. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 13

WHZ during intervention: different types of control RUTF subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 13 WHZ during intervention: different types of control RUTF subgroups

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 Less or no milk powder

Oakley 2010 (1) 945 -1.5 (1.1) 929 -1.5 (1.1) 48.3 % 0.0 [ -0.10, 0.10 ]

Sigh 2018 (2) 38 -2.68 (0.62) 37 -2.55 (0.55) 30.7 % -0.13 [ -0.40, 0.14 ]

Subtotal (95% CI) 983 966 79.0 % -0.02 [ -0.11, 0.08 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.81, df = 1 (P = 0.37); I2 =0.0%

Test for overall effect: Z = 0.34 (P = 0.74)

2 Standard plus fatty acids

Hsieh 2015a (3) 70 -0.6 (1) 71 -0.15 (1.3) 21.0 % -0.45 [ -0.83, -0.07 ]

Subtotal (95% CI) 70 71 21.0 % -0.45 [ -0.83, -0.07 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.31 (P = 0.021)

Total (95% CI) 1053 1037 100.0 % -0.13 [ -0.36, 0.09 ]

Heterogeneity: Tau2 = 0.02; Chi2 = 5.48, df = 2 (P = 0.06); I2 =63%

Test for overall effect: Z = 1.17 (P = 0.24)

Test for subgroup differences: Chi2 = 4.67, df = 1 (P = 0.03), I2 =79%

-1 -0.5 0 0.5 1

Favours Other RUTF Favours Standard RUTF

(1) End value after 8 weeks of intervention.

(2) End value after 8 weeks of intervention.

(3) End value after 12 weeks of intervention.
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Analysis 3.14. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 14

WHZ during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 14 WHZ during intervention

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Oakley 2010 (1) 945 -2.7 (1.2) 929 -2.8 (1.2) 85.7 % 0.10 [ -0.01, 0.21 ]

Sigh 2018 (2) 38 -3.06 (0.74) 37 -2.97 (0.73) 14.3 % -0.09 [ -0.42, 0.24 ]

Total (95% CI) 983 966 100.0 % 0.07 [ -0.06, 0.20 ]

Heterogeneity: Tau2 = 0.00; Chi2 = 1.13, df = 1 (P = 0.29); I2 =12%

Test for overall effect: Z = 1.09 (P = 0.27)

Test for subgroup differences: Not applicable

-100 -50 0 50 100

Favours Other RUTF Favours Standard RUTF

(1) End value after 8 weeks of intervention.

(2) End value after 8 weeks of intervention.
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Analysis 3.15. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 15

Length/height gain (mm/day) during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 15 Length/height gain (mm/day) during intervention

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Hsieh 2015a (1) 70 0.13 (0.36) 71 0.22 (0.34) 31.7 % -0.09 [ -0.21, 0.03 ]

Oakley 2010 (2) 945 0.23 (0.29) 929 0.19 (0.25) 55.8 % 0.04 [ 0.02, 0.06 ]

Sigh 2018 (3) 38 0.12 (0.74) 37 0.03 (0.18) 12.5 % 0.09 [ -0.15, 0.33 ]

Total (95% CI) 1053 1037 100.0 % 0.01 [ -0.09, 0.10 ]

Heterogeneity: Tau2 = 0.00; Chi2 = 4.85, df = 2 (P = 0.09); I2 =59%

Test for overall effect: Z = 0.10 (P = 0.92)

Test for subgroup differences: Not applicable

-0.2 -0.1 0 0.1 0.2

Favours Other RUTF Favours Standard RUTF

(1) Change between baseline and 12 weeks of intervention.

(2) Change between baseline and 8 weeks of intervention.

(3) Change between baseline and 8 weeks of intervention.
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Analysis 3.16. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 16

Length/height gain (mm/day) during intervention: pre-trial hospitalisation subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 16 Length/height gain (mm/day) during intervention: pre-trial hospitalisation subgroups

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 Some children hospitalised pre-trial

Sigh 2018 (1) 38 0.12 (0.74) 37 0.03 (0.18) 12.5 % 0.09 [ -0.15, 0.33 ]

Subtotal (95% CI) 38 37 12.5 % 0.09 [ -0.15, 0.33 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.73 (P = 0.47)

2 No children hospitalised pre-trial

Hsieh 2015a (2) 70 0.13 (0.36) 71 0.22 (0.34) 31.7 % -0.09 [ -0.21, 0.03 ]

Oakley 2010 (3) 945 0.23 (0.29) 929 0.19 (0.25) 55.8 % 0.04 [ 0.02, 0.06 ]

Subtotal (95% CI) 1015 1000 87.5 % -0.01 [ -0.14, 0.11 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 4.65, df = 1 (P = 0.03); I2 =78%

Test for overall effect: Z = 0.19 (P = 0.85)

Total (95% CI) 1053 1037 100.0 % 0.01 [ -0.09, 0.10 ]

Heterogeneity: Tau2 = 0.00; Chi2 = 4.85, df = 2 (P = 0.09); I2 =59%

Test for overall effect: Z = 0.10 (P = 0.92)

Test for subgroup differences: Chi2 = 0.54, df = 1 (P = 0.46), I2 =0.0%

-0.2 -0.1 0 0.1 0.2

Favours Other RUTF Favours Standard RUTF

(1) Change between baseline and 8 weeks of intervention.

(2) Change between baseline and 12 weeks of intervention.

(3) Change between baseline and 8 weeks of intervention.
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Analysis 3.17. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 17

Length/height gain (mm/day) during intervention: different types of control RUTF subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 17 Length/height gain (mm/day) during intervention: different types of control RUTF subgroups

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 Less or no milk powder

Oakley 2010 (1) 945 0.23 (0.29) 929 0.19 (0.25) 55.8 % 0.04 [ 0.02, 0.06 ]

Sigh 2018 (2) 38 0.12 (0.74) 37 0.03 (0.18) 12.5 % 0.09 [ -0.15, 0.33 ]

Subtotal (95% CI) 983 966 68.3 % 0.04 [ 0.02, 0.06 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.16, df = 1 (P = 0.69); I2 =0.0%

Test for overall effect: Z = 3.26 (P = 0.0011)

2 Standard plus fatty acids

Hsieh 2015a (3) 70 0.13 (0.36) 71 0.22 (0.34) 31.7 % -0.09 [ -0.21, 0.03 ]

Subtotal (95% CI) 70 71 31.7 % -0.09 [ -0.21, 0.03 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.53 (P = 0.13)

Total (95% CI) 1053 1037 100.0 % 0.01 [ -0.09, 0.10 ]

Heterogeneity: Tau2 = 0.00; Chi2 = 4.85, df = 2 (P = 0.09); I2 =59%

Test for overall effect: Z = 0.10 (P = 0.92)

Test for subgroup differences: Chi2 = 4.69, df = 1 (P = 0.03), I2 =79%

-0.2 -0.1 0 0.1 0.2

Favours Other RUTF Favours Standard RUTF

(1) Change between baseline and 8 weeks of intervention.

(2) Change between baseline and 8 weeks of intervention.

(3) Change between baseline and 12 weeks of intervention.
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Analysis 3.18. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 18

HAZ during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 18 HAZ during intervention

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Oakley 2010 (1) 945 -3.1 (1.5) 929 -3.2 (1.5) 93.1 % 0.10 [ -0.04, 0.24 ]

Sigh 2018 (2) 38 -2.23 (1.11) 37 -2.23 (1.1) 6.9 % 0.0 [ -0.50, 0.50 ]

Total (95% CI) 983 966 100.0 % 0.09 [ -0.04, 0.22 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.14, df = 1 (P = 0.71); I2 =0.0%

Test for overall effect: Z = 1.39 (P = 0.16)

Test for subgroup differences: Not applicable

-1 -0.5 0 0.5 1

Favours Other RUTF Favours Standard RUTF

(1) End value after 8 weeks of intervention.

(2) End value after 8 weeks of intervention.
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Analysis 3.19. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 19

MUAC gain (mm/day) during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 19 MUAC gain (mm/day) during intervention

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Hsieh 2015a (1) 70 0.15 (0.28) 71 0.22 (0.31) 16.2 % -0.07 [ -0.17, 0.03 ]

Oakley 2010 (2) 945 0.17 (0.26) 929 0.13 (0.25) 51.5 % 0.04 [ 0.02, 0.06 ]

Sigh 2018 (3) 38 0.09 (0.12) 36 0.05 (0.12) 32.3 % 0.04 [ -0.01, 0.09 ]

Total (95% CI) 1053 1036 100.0 % 0.02 [ -0.02, 0.07 ]

Heterogeneity: Tau2 = 0.00; Chi2 = 4.67, df = 2 (P = 0.10); I2 =57%

Test for overall effect: Z = 0.94 (P = 0.35)

Test for subgroup differences: Not applicable

-0.5 -0.25 0 0.25 0.5

Favours Other RUTF Favours Standard RUTF

(1) Change between baseline and first 4 weeks out of 12 weeks of intervention.

(2) Change between baseline and 8 weeks of intervention.

(3) Change between baseline and 8 weeks of intervention.
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Analysis 3.20. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 20

MUAC gain (mm/day) during intervention: pre-trial hospitalisation subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 20 MUAC gain (mm/day) during intervention: pre-trial hospitalisation subgroups

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 Some children hospitalised pre-trial

Sigh 2018 (1) 38 0.09 (0.12) 36 0.05 (0.12) 32.3 % 0.04 [ -0.01, 0.09 ]

Subtotal (95% CI) 38 36 32.3 % 0.04 [ -0.01, 0.09 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.43 (P = 0.15)

2 No children hospitalised pre-trial

Hsieh 2015a (2) 70 0.15 (0.28) 71 0.22 (0.31) 16.2 % -0.07 [ -0.17, 0.03 ]

Oakley 2010 (3) 945 0.17 (0.26) 929 0.13 (0.25) 51.5 % 0.04 [ 0.02, 0.06 ]

Subtotal (95% CI) 1015 1000 67.7 % 0.00 [ -0.11, 0.10 ]

Heterogeneity: Tau2 = 0.00; Chi2 = 4.63, df = 1 (P = 0.03); I2 =78%

Test for overall effect: Z = 0.08 (P = 0.94)

Total (95% CI) 1053 1036 100.0 % 0.02 [ -0.02, 0.07 ]

Heterogeneity: Tau2 = 0.00; Chi2 = 4.67, df = 2 (P = 0.10); I2 =57%

Test for overall effect: Z = 0.94 (P = 0.35)

Test for subgroup differences: Chi2 = 0.53, df = 1 (P = 0.47), I2 =0.0%

-0.5 -0.25 0 0.25 0.5

Favours Other RUTF Favours Standard RUTF

(1) Change between baseline and 8 weeks of intervention.

(2) Change between baseline and first 4 weeks out of 12 weeks of intervention.

(3) Change between baseline and 8 weeks of intervention.
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Analysis 3.21. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 21

MUAC gain (mm/day) during intervention: different types of control RUTF subgroups.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 21 MUAC gain (mm/day) during intervention: different types of control RUTF subgroups

Study or subgroup Standard RUTF Other RUTF
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 Less or no milk powder

Oakley 2010 (1) 945 0.17 (0.26) 929 0.13 (0.25) 51.5 % 0.04 [ 0.02, 0.06 ]

Sigh 2018 (2) 38 0.09 (0.12) 36 0.05 (0.12) 32.3 % 0.04 [ -0.01, 0.09 ]

Subtotal (95% CI) 983 965 83.8 % 0.04 [ 0.02, 0.06 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.00, df = 1 (P = 1.00); I2 =0.0%

Test for overall effect: Z = 3.69 (P = 0.00023)

2 Standard plus fatty acids

Hsieh 2015a (3) 70 0.15 (0.28) 71 0.22 (0.31) 16.2 % -0.07 [ -0.17, 0.03 ]

Subtotal (95% CI) 70 71 16.2 % -0.07 [ -0.17, 0.03 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.41 (P = 0.16)

Total (95% CI) 1053 1036 100.0 % 0.02 [ -0.02, 0.07 ]

Heterogeneity: Tau2 = 0.00; Chi2 = 4.67, df = 2 (P = 0.10); I2 =57%

Test for overall effect: Z = 0.94 (P = 0.35)

Test for subgroup differences: Chi2 = 4.67, df = 1 (P = 0.03), I2 =79%

-0.5 -0.25 0 0.25 0.5

Favours Other RUTF Favours Standard RUTF

(1) Change between baseline and 8 weeks of intervention.

(2) Change between baseline and 8 weeks of intervention.

(3) Change between baseline and first 4 weeks out of 12 weeks of intervention.
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Analysis 3.22. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 22

Diarrhoea events during intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 22 Diarrhoea events during intervention

Study or subgroup Standard RUTF Other RUTF Risk Ratio Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Bahwere 2014 (1) 44/291 49/258 0.80 [ 0.55, 1.15 ]

0.2 0.5 1 2 5

Favours Standard RUTF Favours Other RUTF

(1) History of diarrhoea during the first visit in intervention period.

Analysis 3.23. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 23

Acceptability on first day of intervention.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 23 Acceptability on first day of intervention

Study or subgroup Standard RUTF Other RUTF Risk Ratio Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Hsieh 2015b (1) 64/74 59/74 1.08 [ 0.94, 1.26 ]

0.5 0.7 1 1.5 2

Favours Other RUTF Favours Standard RUTF

(1) Choosing the highest likeability score on the Likert scale.
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Analysis 3.24. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 24

Acceptability: grams of food remained after taste test.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 24 Acceptability: grams of food remained after taste test

Study or subgroup Standard RUTF Other RUTF
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Hsieh 2015b (1) 74 1.3 (4.6) 74 3.7 (8) -2.40 [ -4.50, -0.30 ]

-100 -50 0 50 100

Favours Standard RUTF Favours Other RUTF

(1) 30 g of RUTF was given to consume within 40 minutes.

Analysis 3.25. Comparison 3 Standard RUTF versus RUTF using an alternative formulation, Outcome 25

Acceptability after first 2 weeks of treatment.

Review: Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six months to five years of age

Comparison: 3 Standard RUTF versus RUTF using an alternative formulation

Outcome: 25 Acceptability after first 2 weeks of treatment

Study or subgroup Standard RUTF Other RUTF Risk Ratio Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Sigh 2018 (1) 36/39 28/39 1.29 [ 1.04, 1.60 ]

0.1 0.2 0.5 1 2 5 10

Favours Other RUTF Favours Standard RUTF

(1) A score of 1 indicated that the child liked the product very much (’very good’) and 5 indicated ’very bad’.
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A D D I T I O N A L T A B L E S

Table 1. Classification of severe acute malnutrition in children under 60 months old by Collins and colleagues in 2006*

Severe acute malnutrition with complications Severe acute malnutrition without complications

Bilateral pitting oedema grade 3a (severe oedema)

OR

MUAC < 115b mm

OR

MUAC < 115b mm and bilateral pitting oedema grades 1a or 2a

(marasmic kwashiorkor)

OR

Bilateral pitting oedema grades 1a or 2a with MUAC ≥ 115b mm

AND

1. Appetite

2. Clinically well

3. Alert

MUAC < 110b mm or bilateral pitting oedema grades 1a or 2a

AND 1 of the following

1. Anorexia

2. Lower-respiratory tract infectionc

3. Severe palmar pallor

4. High fever

5. Severe dehydration

6. Not alert

-

Inpatient care IMCI/WHO protocol Outpatient therapeutic care protocols

IMCI: Integrated Management of Childhood Illness; MUAC: mid-upper arm circumference; UNICEF: United Nations Children’s

Fund; WHO: World Health Organization

∗Collins 2006a
aGrade 1: mild oedema on both feet or both ankles; Grade 2: moderate oedema on both feet, and on lower legs, hands or lower arms;

Grade 3: severe generalised oedema affecting feet, legs, hands, arms and face.
bBoth the WHO and UNICEF recommend that the cut-off value for the MUAC for severe acute malnutrition is 115 mm (WHO/

UNICEF 2009). Previously it was 110 mm (Collins 2006a). The adoption of this higher cut-off value will sharply increase the caseloads,

which may influence the cost of nutrition programmes greatly (WHO/UNICEF 2009). However, detecting more children as severely

malnourished earlier will lead to a shorter treatment period, which may bring down the cost per child (WHO/UNICEF 2009).
cIMCI criteria: 60 respirations/min for children aged < 2 months; 50 respirations/min for children aged 2 to 12 months; 40 respirations/

min for children aged 1 to 5 years; 30 respirations/min for children aged > 5 years.

Table 2. Nutritional composition of ready-to-use therapeutic food, as recommended by the World Health Organizationa

Nutritional element Amount

Moisture content 2.5% maximum

Energy 520-550 kCal/100 g

Protein 10%-12% total energy
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Table 2. Nutritional composition of ready-to-use therapeutic food, as recommended by the World Health Organizationa

(Continued)

Lipids 45%-60% total energy

Sodium 290 mg/100 g maximum

Potassium 1110-1400 mg/100 g

Calcium 300-600 mg/100 g

Phosphorus (excluding phytate) 300-600 mg/100 g

Magnesium 80-140 mg/100 g

Iron 10-14 mg/100 g

Zinc 11-14 mg/100 g

Copper 1.4-1.8 mg/100 g

Selenium 20-40 µg

Iodine 70-140 µg/100 g

Vitamin A 0.8-1.1 mg/100 g

Vitamin D 15-20 µg/100 g

Vitamin E 20 mg/100 g minimum

Vitamin K 15 to 30 µg/100 g

Vitamin B1 0.5 mg/100 g minimum

Vitamin B2 1.6 mg/100 g minimum

Vitamin C 50 mg/100 g minimum

Vitamin B6 0.6 mg/100 g minimum

Vitamin B12 1.6 µg/100 g minimum

Folic acid 200 µg/100 g minimum

Niacin 5 mg/100 g minimum

Pantothenic acid 3 mg/100 g minimum
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Table 2. Nutritional composition of ready-to-use therapeutic food, as recommended by the World Health Organizationa

(Continued)

Biotin 60 µg/100 g minimum

n-6 fatty acids 3%-10% of total energy

n-3 fatty acids 0.3%-2.5% of total energy

aWHO/WFP/UNSCN/UNICEF 2007.

Table 3. A typical recipe for a WHO-recommended ready-to-use therapeutic fooda

Ingredient % weight

Full-fat milk 30

Sugar 28

Vegetable oil 15

Peanut butterb 25

Mineral-vitamin mix 1.6
aManary 2006
bStrict quality control is essential.

Table 4. Nutritional information of Plumpy’nut® by Collins and Henry in 2004*

Nutrient Unit Plumpy’nut® (100 g)

Energya kCal 530

Energy kJ 2218

Protein g 14.5 (11% of product’s energy)

Carbohydrateb g 43 (32% of product’s energy)

Fat g 33.5 (57% of product’s energy)

Ash g 4

Moisture g < 5

Water activity aw 0.241
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Table 4. Nutritional information of Plumpy’nut® by Collins and Henry in 2004* (Continued)

Copper mg/kg 1.7

Zinc mg/kg 13

Calcium mg/kg 310

Sodium mg/kg < 290

Magnesium mg/kg 86

Iron mg/kg 12.45

∗Collins 2004
aAtwater factors used to calculate energy.
bCarbohydrate is by difference assuming protein to be nitrogen multiplied by 6.25.

Table 5. Severe acute malnutrition management as recommended by the WHO and UNICEFa

Independent additional criteria 1. No appetite

2. Medical complications

1. Appetite

2. No medical complications

Type of therapeutic feeding Facility-based feeding Community-based feeding

Intervention 1. F75 (Phase 1)

2. F100/RUTF (Phase 2)

3. 24-hour medical care

1. RUTF

2. Basic medical care

Discharge criteria (transition criteria

from facility- to community-based care)

1. Reduced oedema

2. Good appetite (with acceptableb

intake of RUTF)

1. 15%-20% weight gain

RUTF: ready-to-use therapeutic food; UNICEF: United Nations Children’s Fund; WHO: World Health Organization

aWHO/UNICEF 2009
bChildren who eat at least 75% of their calculated RUTF ration for the day.

Table 6. Classification of attrition from included studies

Study ID Participants recruited (n) Pre-randomisation attri-

tion (n)

Immediate post-ran-

domisation attrition (n)

Dropouts during the in-

tervention period (n)

Bahwere 2014 619 18 = allocated to an arm

prior to randomisation

5 (all from the control

group) = 3 had no baseline

74 = dropped out; reasons

not reported
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Table 6. Classification of attrition from included studies (Continued)

1 = re-admission (had

SAM before and return

from defaulting)

data and 2 were older than

59 months

7 = deaths; reasons not re-

ported

Bhandari 2016 1190 193 = complicated SAM

3 = allergic to animal milk

29 = family moving away

35 = non-consent

22 = siblings already en-

rolled

2 = incorrectly identified as

SAM

0 48 = withdrew consent

3 = moved away

3 = deaths; reasons not re-

ported

Ciliberto 2005a 1178 (includes children

with MAM and SAM)

0 41 = reasons not reported 72 = reasons not reported

Hsieh 2015a 141 0 0 3 = deaths; reasons not re-

ported

8 = lost to follow-up; rea-

sons not reported

Hsieh 2015b Unclear Unclear Unclear Unlikely

Irena 2015a 2462 265 = not meeting eligibil-

ity criteria

153 = required inpatient

care

70 = relapsed

47 = refused

0 251 = deaths; reasons not

reported

543 = “defaulters”; 116

could be traced and 427

moved from the location

Jadhav 2016 1268 947 = reasons not reported 106 = dropped out over

first 2 weeks; reasons not

reported

183 = dropped out; rea-

sons not reported; deaths

not reported

Jones 2015 236 63 = not residing in area

33 = age not eligible

23 = HIV-infected

19 = not SAM

6 = treated for TB

5 = already on lipid-based

supplements

6 = discharged/screened

before screening was fi-

nalised

2 = previously enrolled in

the study

18 = refused

b4 = deaths
b1 = ineligible
b5 = voluntarily withdrew;

reasons not reported

b4 = deaths; reasons not re-

ported
b6 = voluntarily withdrew;

reasons not reported
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Table 6. Classification of attrition from included studies (Continued)

Kerac 2009 1024 (eligible age was 5 to

168 months)

124 = deaths

21 = absconded from ward

13 = not SAM

67 = refused

4 = “other”

Unclear b175 = deaths; reasons not

reported
b53 = dropped out; out-

patient defaulters or ward

absconders; reasons not re-

ported
b8 = “other”; transfers out

or final outcome unknown

Manary 2004* 452 77 = refused

93 = HIV infected

0 37 = deaths; reasons not re-

ported

47 = dropped out; reasons

not reported

Ndekha 2005a 93 0 0 11 = deaths; reasons not re-

ported

17 = dropped outs; reasons

not reported

Oakley 2010 1961 87 = reasons not reported 0 64 = deaths; reasons not re-

ported

51 = lost to follow-up;

no reasons reported other

than “those lost were more

likely to be younger and

marasmic” (quote)

Shewade 2013 32 6 = refused 0 0

Sigh 2018 125 1 = Down Syndrome

1 = cerebral palsy

1 = had a stoma

1 = fever

0 2 = deaths; 1 related to

HIV and 1 related to TB

47 = dropped out, “mainly

due to long traveling dis-

tances” (quote)

Thapa 2017 122 2 = sick

5 = migrants

3 = refused

0 0

MAM: moderate acute malnutrition; SAM: severe acute malnutrition; TB: tuberculosis

aFor cluster-randomised trials: actual values reported here (not adjusted for design effect).
bOnly data for relevant study arms/eligible study participants were reported here.
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Table 7. TIDieR table: Comparison 1

Study ID Bhandari

2016

Ciliberto

2005

Jadhav 2016 Manary 2004 Ndekha 2005 Shewade

2013

Thapa 2017

Study pe-

riod and brief

comparison

October 2012

- April 2015

Commer-

cially-

and non-com-

mercially pro-

duced

S-RUTF com-

pared to en-

ergy-dense,

micronutri-

ent-

enriched, lo-

cally available,

home-pre-

pared foods

De-

cember 2002 -

June 2003. S-

RUTF, com-

mercially pro-

duced, versus

maize/

soy flour pre-

pared by care-

givers as a por-

ridge

March 2011-

June 2013.

S-RUTF, non-

commercially

produced, ver-

sus lo-

cally available,

home-pre-

pared foods

high in energy

and protein

January-Oc-

tober 2001. S-

RUTF, factory

produced,

com-

pared to care-

giver-prepared

flour porridge

(made from a

maize and soy

flour blend)

January-

Septem-

ber 2001. S-

RUTF, factory

produced,

com-

pared to care-

giver-prepared

flour porridge

(made from a

maize and soy

flour blend)

2011.

S-RUTF, non-

com-

mercially pro-

duced, ”sup-

plemen-

tary nutrition“

(quote)

and nutrition

coun-

selling versus

”supplemen-

tary nutrition“

(quote)

and nutrition

counselling

August 2013-

March 2014.

S-RUTF, non-

commercially

produced, ver-

sus locally

available foods

precooked

and packaged

non-commer-

cially and pre-

pared at home

by caregivers

Why? Non-com-

mercially pro-

duced RUTF

may be less

expensive and

more sustain-

able in some

countries

To inves-

tigate whether

home-based

therapy with

RUTF re-

sults in higher

rates of recov-

ery and lower

rates of relapse

or death than

the (then)

standard ther-

apy in Malawi

There is a need

in

India for ”in-

digenously“

(quote) pro-

duced RUTF

To investigate

the efficacy of

such RUTF in

children with

SAM when

compared to

”standard nu-

tritional ther-

apy“ (quote)

At the time the

study started,

the WHO rec-

ommended

inpatient ther-

apy until re-

covery for the

treatment of

children with

SAM.

For many fam-

ilies this was

not feasible

To investi-

gate the effects

of home-based

RUTF com-

pared to am-

ple amounts of

the local sta-

ple food (por-

ridge) in HIV-

uninfected

children with

SAM

At the time the

study started,

the WHO rec-

ommended

inpatient ther-

apy until re-

covery for the

treatment of

children with

SAM.

For many fam-

ilies this was

not feasible

To investi-

gate the effects

of home-based

RUTF com-

pared to am-

ple amounts of

the local sta-

ple food (por-

ridge) in HIV-

infected chil-

dren (not

on ARV) with

SAM

To investigate

the effective-

ness of RUTF

in therapeutic

doses in com-

munity-

based manage-

ment of un-

complicated

SAM

There is a need

in

India for ”in-

digenously“

(quote) pro-

duced RUTF

equivalent

to the WHO

RUTF recom-

mendations

The study au-

thors car-

ried out a pre-

liminary study

to investigate

the acceptance

and efficacy of

such a RUTF

among SAM

children in in-

formal settle-

ments in India
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Table 7. TIDieR table: Comparison 1 (Continued)

What educa-

tional materi-

als were pro-

vided to care-

givers?

Government

trained health

educators and

promoters vis-

ited families

weekly,

and used site-

specific coun-

selling cards

(of which

the families re-

ceived copies)

in

the local lan-

guage to con-

vey messages

regard-

ing frequency,

amount

and how to

feed the study

foods; as well

as on continu-

ing breastfeed-

ing, good hy-

giene and ad-

vice on family

meals

Not reported. All caregivers

were coun-

selled about

nutritional re-

quirements

and good feed-

ing practices.

However, it

is unclear who

performed the

counselling

and whether

caregivers re-

ceived educa-

tional material

Not reported. Not reported. Children

in both groups

re-

ceived weekly

feeding coun-

selling at the

OTP site. Un-

clear if care-

givers received

counselling

material.

Study staff

were 2 medi-

cal doctors, 1

social worker

and ”angan-

wadi workers“

(quote) (com-

munity health

workers); it

is unclear who

performed the

nutrition

counselling

All study staff

(2 nutrition-

ists, 2 anthro-

pometrists,

3 technical

assistants, 3

”lady health

workers“

(quote), and

”4 other

helpers“

(quote))

were trained

regarding all

aspects of

the study.

They were

also instructed

to guide the

caregivers (of

children in

both groups)

regarding

the schedule,

method and

hygienic

conditions of

feeding; and

the cooking

of the control

intervention

to the relevant

caregivers.

It is unclear

whether care-

givers were

provided with

educational

material

What proce-

dures?

Children with

SAM and

without com-

plications,

or those with

complica-

tions but who

were stabilised

first in hospi-

All

children from

the maize/soy

flour group

and less than

half of chil-

dren from the

RUTF group

were stabilised

All chil-

dren were hos-

pitalised

for 2 weeks or

longer

based on their

complications

Study staff did

not carry out

Children with

SAM were eli-

gi-

ble, after they

were stabilised

as inpatients

Study staff did

not make

home

Children with

SAM were eli-

gi-

ble, after they

were stabilised

as inpatients

Study staff did

not make

Children with

SAM and

without com-

plications

were eligible.

Children who

missed their

weekly ap-

Children with

SAM and

with-

out complica-

tions were eli-

gible.

It appears as

if no children
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Table 7. TIDieR table: Comparison 1 (Continued)

tal, were eligi-

ble

Follow-up

of those who

dropped out

of the study

was not re-

ported. How-

ever, health

workers, peer

supporters

and commu-

nity leaders

were involved

in the study

and thus trac-

ing of and mo-

tivating those

who dropped

out of

the study was

probably done

Health work-

ers referred

sick children,

those whose

WHZ did not

improve in 4

weeks, and

children who

deteriorated

for 2 consec-

utive weeks to

physicians.

Children

with severe ill-

ness were ad-

mitted to hos-

pital, and the

study in-

tervention was

restarted after

the child re-

turned home

in hospital

pre-trial

Children who

failed to at-

tend their fol-

low-up visits

(3 weeks af-

ter their previ-

ous visit) were

sought

through local

village health

workers, to de-

ter-

mine whether

the child had

died or

relapsed. Chil-

dren who re-

lapsed exited

the study and

were treated as

in-patients

regular home

visits, and it

is not reported

whether chil-

dren who were

lost to follow-

up

were traced. It

is also unclear

whether chil-

dren who de-

terio-

rated stayed in

the study and

were admitted

to hospital

visits; children

who were

lost to follow-

up were not

traced at home

Children who

deteriorated

were admitted

to hospital.

home

visits; children

who got

lost to follow-

up were not

traced at home

Children who

deteriorated

were admitted

to hospital.

pointment at

the OTP were

followed up at

their homes by

Angan-

wadi workers.

Children with

complica-

tions were re-

ferred to inpa-

tient care

were lost to

follow-up, and

that no chil-

dren were ad-

mitted to hos-

pital for com-

plications

Who pro-

vided the in-

tervention?

Trained health

educators dis-

pensed RUTF,

and families of

children in the

It is unclear

who dispensed

the RUTF to

caregivers.

The maize/soy

Not explicitly

reported, but

it seems as if

RUTF

It

is not reported

who dispensed

the study in-

It

is not reported

who dispensed

the study in-

The RUTF

dose per child

was prescribed

by a doctor

Daily,

caregivers fed

their children

at home under
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Table 7. TIDieR table: Comparison 1 (Continued)

com-

parison group

were given raw

ingredients to

prepare foods

Caregivers at

home fed the

children, but

neighbour-

hood peer

support work-

ers vis-

ited homes (of

chil-

dren across all

3 groups) sev-

eral times a

day to help

caregivers feed

their children

flour

was given in

one 50 kg bag

to caregivers.

The flour in-

tervention was

supplemented

with micronu-

trients

Caregivers at

home fed their

children.

was dispensed

at the NRU.

It is not clear

who dispensed

the RUTF or

who dispensed

the ingre-

dients for the

control diet

After hospital

discharge,

caregivers fed

their children

at home

terventions to

the caregivers.

Caregivers of

children in the

maize and soy

flour group

also received a

micronu-

trient supple-

ment to give to

their children

daily

Caregivers fed

their children

at home.

terventions to

the caregivers.

Caregivers of

children in the

maize and soy

flour group

also received a

micronu-

trient supple-

ment to give to

their children

daily

Caregivers fed

their children

at home.

and dispensed

by study staff

(including

Anganwadi

workers) at the

OTP

Caregivers fed

their children

at home.

supervision of

nutrition-

ists and ”lady

health vis-

itors“ (quote).

Mothers were

asked to feed

their child as

much as they

could eat over

half an hour

In both

groups, nutri-

tionists

weighed

the amount of

food children

needed to take

daily

How was the

intervention

provided?

Weekly, an in-

dependent

trained team

measured chil-

dren’s weight,

height,

MUAC, skin-

fold thickness

and assessed

for oedema on

feet. It is not

explicitly

reported, but

it seems that

these measure-

ments

were done at

the children’s

homes and not

at a health fa-

cility’s

outpatient de-

partment

Every 2 weeks,

children were

assessed at the

NRU.

Weight,

length and

MUAC were

measured. It

is unclear who

did the mea-

surements

It is un-

clear whether

anthropomet-

rical measure-

ments

(weight,

length/height

and MUAC)

were done

weekly or bi-

weekly, and by

whom

Every 2 weeks,

caregivers and

children

had to visit the

outpatient de-

partment

for anthropo-

metrical mea-

surements

(weight, statu-

ral growth and

MUAC) and

”health assess-

ment“ (quote)

- it is un-

clear who per-

formed these

assessments

Every 2 weeks,

caregivers and

children

had to visit the

outpatient de-

partment

for anthropo-

metrical mea-

surements

(weight, statu-

ral growth and

MUAC) and

”health assess-

ment“ (quote)

- it is un-

clear who per-

formed these

assessments

Weekly, at the

OTP, the so-

cial worker

mea-

sured the chil-

dren’s weight,

length/height

and MUAC

Weight

was measured

daily by ”an-

thro-

pometrists“

(quote) at the

chil-

dren’s homes.

It is un-

clear how of-

ten measure-

ments of

length/height

and MUAC

were taken

Intervention

setting

3 diverse ge-

ographical set-

tings in India,

with a mix of

rural and ur-

The partic-

ipating NRUs

were mission

and public fa-

The study was

con-

ducted at an

urban health

Outpatients

to NRU at the

teaching hos-

pital in Blan-

Outpatients

to NRU at the

teaching hos-

pital in Blan-

OTP site at an

ur-

ban health and

training centre

3 informal set-

tlements in

North India.

Most study ac-
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Table 7. TIDieR table: Comparison 1 (Continued)

ban areas. The

study popula-

tions were

low-

income house-

holds, and

most study ac-

tivi-

ties took place

at the families’

homes

cilities in small

towns and ru-

ral

areas of south-

ern Malawi

centre associ-

ated with a ter-

tiary hospital

in

Mumbai, In-

dia. Most par-

ticipants were

from lower so-

cio-economic

status back-

grounds due

to the centre’s

close proxim-

ity to a very

large informal

settlement

tyre, Malawi tyre, Malawi near a densely

populated

urban resettle-

ment colony

in Chandi-

garh, India

tivi-

ties took place

at the families’

homes

When and

how much?

In all groups,

175 kCal/kg/

day of the in-

terven-

tions were dis-

pensed weekly

until recovery

or a maximum

of 16 weeks

RUTF pro-

vided as 175

kCal/kg/

day and dis-

pensed every

2 weeks un-

til recovery or

a maximum of

8 weeks. The

control group

were told to

consume the

flour porridge

7 times a day

(portion sizes

not reported)

Once weekly,

children

across groups

received their

dietary inter-

vention at 175

kCal/kg/day

for 8 weeks

The interven-

tions were dis-

pensed every

2 weeks, with

the RUTF at

733 kJ/kg/day

and the maize

and soy flour

blend at 2400

g raw prod-

uct/day. Care-

givers were in-

structed to

feed the

RUTF over

the course of

the day, while

those

in the control

group were in-

structed

to feed their

children por-

ridge 7 times/

day, with the

aim of reach-

ing 1500 g

of cooked por-

ridge

(about 733 kJ/

kg/day) daily

The interven-

tions were dis-

pensed every

2 weeks, with

the RUTF at

733 kJ/kg/day

and the maize

and soy flour

blend at 2400

g raw product

per day. Care-

givers were in-

structed to

feed the

RUTF over

the course of

the day, while

those in the

control group

were

instructed to

feed their chil-

dren porridge

7 times a day,

with the aim

of

reaching 1500

g of cooked

porridge

(about 733 kJ/

kg/day) daily

Children

in the exper-

imental group

re-

ceived RUTF

at 200 kCal/

kg/day weekly,

in addition to

”nutri-

tional supple-

mentation“

(quote) of 500

kcal and 12-

15 g protein

per day, which

all children re-

ceived

Both

diets were dis-

pensed daily.

The RUTF

provided 2280

kJ/100 g, with

protein 15.7%

of product,

while the con-

trol diet pro-

vided

from 1556 kJ

to 1887 kJ/

100 g, with

protein from

6.8% to 13.

6% of product

Children from

both

groups could

consume

as much as

they wanted,

and were of-

fered the foods

6 times/day
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Table 7. TIDieR table: Comparison 1 (Continued)

Tailoring? No

adjustment of

the RUTF

dose reported.

No

adjustment of

the RUTF

dose reported.

No

adjustment of

the RUTF

dose reported.

No

adjustment of

the RUTF

dose reported.

No

adjustment of

the RUTF

dose reported.

No

adjustment of

the RUTF

dose reported.

No

adjustment of

the RUTF

dose reported.

Modifica-

tions of inter-

ven-

tion through-

out the trial?

In the orig-

inal protocol,

the interven-

tion duration

was set at 8

weeks. How-

ever, after 20

children were

enrolled

and an inde-

pendent Data

Safety Moni-

toring Board

reviewed their

results, they

recommended

that the inter-

vention period

be ex-

tended for an-

other 8 weeks

Not reported. Not reported. Not reported. Not reported. Not reported. The interven-

tion foods

were

continued for

6 weeks. Since

these were

liked by the

children, these

were extended

for 2 weeks

more” (quote)

Strategies to

improve/

maintain in-

tervention fi-

delity

Consumption

data for chil-

dren in the 2

RUTF groups

were collected

weekly by

trained health

educators, as

were the

amounts of in-

gredients used

for children in

the control

group. The to-

tal amount of

calories con-

sumed could

only be esti-

mated for the

RUTF groups

Study authors

reported that,

Not reported. The intake

of RUTF, but

not the con-

trol diet, was

monitored.

However, de-

tail regarding

this was not

reported

No measure-

ments of

home dietary

intake were

conducted.

No measure-

ments of

home dietary

intake were

conducted.

It is unclear

what the chil-

dren’s adher-

ence

to the “nutri-

tional supple-

menta-

tion” (quote)

was, which

both groups

received

“Objective as-

sessment of

RUTF com-

pliance was

done by not-

ing down the

amount

of RUTF con-

sumed in pre-

Daily, after the

meals, study

staff (presum-

ably nutrition-

ists as

they weighed

the portions

for the meals)

weighed the

leftover food.

The amount

of food con-

sumed

daily was then

estimated and

recorded

Intake of en-

ergy and pro-

tein was calcu-

lated from the
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Table 7. TIDieR table: Comparison 1 (Continued)

in addition to

providing

the diets, ex-

tra support for

feeding seems

important in

their setting.

Enhanced en-

gagement and

shar-

ing of skills of

local, experi-

enced women

(peer support-

ers) seemed to

improve chil-

dren’s food in-

take

vious

week” (quote).

However, it is

unclear who of

the study staff

collected data

on RUTF ad-

herence

amount

of food eaten

daily,

through-

out the study

period

Extent of in-

tervention fi-

delity

Quote: “The

mean

(SD) amount

of RUTF-L

[con-com-

mercial] con-

sumed was

193.27

(94.03) g/day

and RUTF-C

[commercial]

172.83 (89.

10). The

mean

(SD) kcal/kg/

day consumed

was 140.19

(65.41)

and 129.

69 (65.09), re-

spectively.

Consumption

was not

mea-

sured in the A-

HPF [control]

group”

Adherence re-

sults not re-

ported.

Adherence re-

sults not re-

ported.

Not

measured.

Not

measured.

Adherence re-

sults not re-

ported.

The study au-

thors reported

that

children in the

RUTF group

consumed sig-

nificantly

more food, en-

ergy and pro-

tein in com-

parison to the

control group

(P < 0.001)

A-HPF: augmented energy-dense home-prepared foods; ARV: antiretroviral therapy; MUAC: mid-upper arm circumference; NRU:

Nutritional Rehabilitation Unit; OTP: outpatient therapeutic programme; RUTF: Ready-to-use therapeutic food; RUTF-C: com-

mercially produced ready-to-eat therapeutic food; RUTF-L: locally produced ready-to-eat therapeutic food; S-RUTF: standard
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ready-to-use therapeutic food; SAM: severe acute malnutrition; SD: standard deviation; WHO: World Health Organization; WHZ:

weight-for-height z score

Table 8. TIDieR table: Comparison 2

Study ID Manary 2004 Ndekha 2005

Study period and brief comparison January-October 2001.

S-RUTF (factory-produced), at a dose that

met total daily nutritional requirements

compared to a similar RUTF given as a sup-

plement to the habitual diet

January-September 2001.

S-RUTF (factory-produced) compared to

caregiver-prepared flour porridge (made

from a maize and soy flour blend)

Why? At the time the study started, the WHO

recommended inpatient therapy until re-

covery for the treatment of children with

SAM. For many families this was not fea-

sible

The study sought to investigate the effects

of home-based RUTF compared to a sim-

ilar RUTF but given as a supplement in

HIV-uninfected children with SAM

At the time the study started, the WHO

recommended inpatient therapy until re-

covery for the treatment of children with

SAM. For many families this was not fea-

sible

The study sought to investigate the effects

of home-based RUTF compared to a sim-

ilar RUTF but given as a supplement in

HIV-infected children (who were not on

ARV therapy) with SAM

What educational materials were pro-

vided to caregivers?

Not reported. Not reported.

What procedures? Children with SAM were eligible for inter-

vention after they were stabilised as inpa-

tients

Study staff did not make home visits; chil-

dren who were lost to follow-up were not

traced at home

Children who deteriorated during the

study were admitted to hospital

Children with SAM were eligible for inter-

vention after they were stabilised as inpa-

tients

Study staff did not make home visits; chil-

dren who got lost to follow-up were not

traced at home

Children who deteriorated during the

study were admitted to hospital

Who provided the intervention? It is not reported who dispensed the study

interventions to the caregivers

Caregivers fed their children at home.

It is not reported who dispensed the study

interventions to the caregivers

Caregivers fed their children at home.

How was the intervention provided? Every 2 weeks, caregivers and their chil-

dren had to visit the outpatient depart-

ment for anthropometrical measurements

(weight, statural growth and MUAC) and

“health assessment” (quote) - it is unclear

who performed these assessments

Every 2 weeks, caregivers and their chil-

dren had to visit the outpatient depart-

ment for anthropometrical measurements

(weight, statural growth and MUAC) and

“health assessment” (quote) - it is unclear

who performed these assessments

Intervention setting Outpatients of the NRU at the teaching

hospital in Blantyre, Malawi

Outpatients of the NRU, at the teaching

hospital in Blantyre, Malawi
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Table 8. TIDieR table: Comparison 2 (Continued)

When and how much? The interventions were dispensed every 2

weeks, with the RUTF at 733 kJ/kg/day

and the RUTF supplement at 2090 kJ/day

(about 92 g per child). Caregivers in the

RUTF group were instructed to feed the

RUTF over the course of the day, while

those in the RUTF supplement group were

instructed to give their children the RUTF

in addition to their usual diet daily

The interventions were dispensed every 2

weeks, with the RUTF at 733 kJ/kg/day

and the RUTF supplement at 2090 kJ/day

(about 92 g per child). Caregivers in the

RUTF group were instructed to feed the

RUTF over the course of the day, while

those in the RUTF supplement group were

instructed to give their children the RUTF

in addition to their usual diet daily

Tailoring? No adjustment of the RUTF dose reported. No adjustment of the RUTF dose reported.

Modifications of intervention through-

out the trial?

Not reported. Not reported.

Strategies to improve/maintain interven-

tion fidelity

No measurements of home dietary intake

were conducted.

No measurements of home dietary intake

were conducted.

Extent of intervention fidelity Not measured. Not measured.

ARV: antiretroviral therapy; MUAC: mid-upper arm circumference; NRU: Nutritional Rehabilitation Unit; RUTF: Ready-to-use ther-

apeutic food; S-RUTF: standard ready-to-use therapeutic food; SAM: severe acute malnutrition; WHO: World Health Organization

Table 9. TIDieR table: Comparison 3

Study ID Bahwere

2014

Hsieh 2015a Irena 2015 Jones 2015 Kerac 2009 Oakley 2010 Sigh 2018

Study pe-

riod and brief

comparison

March 2010-

March

2011RUTF

prepared from

whey protein

con-

centrate versus

S-RUTF (pre-

pared from

dried

skimmed

milk)

January-May

2014RUTF

with

high oleic acid

content versus

S-RUTF

June 2009-

August

2010Milk-

free soy-

maize-

sorghum

based

RUTF versus

S-RUTF

June 2012-

July

2013RUTF

with elevated

omega-3 fatty

acids versus S-

RUTF

July 2006-

March

2007RUTF

with added

pre- and pro-

biotics versus

S-RUTF

July 2008-

April

2009RUTF

contain-

ing 10% milk

with soy ver-

sus S-RUTF

(25% milk)

September

2015-January

2017Fish-

based

RUTF versus

S-RUTF

(BP100)

Why? Dried

skimmed milk

is the most ex-

pensive com-

po-

nent of RUTF.

This study as-

sessed the ef-

fect of a RUTF

with high

oleic acid con-

tent on plasma

The milk con-

tent

of S-RUTF in-

creases

the cost. The

use of alterna-

Current

RUTF formu-

lations do not

provide signif-

icant ALA or

omega-3 long

Probiotics and

prebiotics may

be of benefit in

SAM by cor-

recting

dysbiosis and

Milk

is the most ex-

pensive com-

po-

nent of RUTF.

Reducing

There is low

acceptabil-

ity in Cambo-

dia for the S-

RUTF

Plumpy’nut®
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Table 9. TIDieR table: Comparison 3 (Continued)

This study as-

sessed the ef-

fectiveness of

a RUTF using

whey protein

(a cheaper al-

ternative) in-

stead

DHA and

eicosapen-

taenoic acid

status

tive sources of

protein will re-

duce the cost

of RUTF

chain polyun-

saturated fatty

acids.

Previous stud-

ies have found

low omega-

3 fatty acids

levels in chil-

dren recover-

ing from SAM

improving in-

testinal func-

tion

the milk con-

tent will re-

duce the cost

of the RUTF

; there-

fore, this study

assessed the ef-

fects of RUTF

made with lo-

cally-available

fish

What educa-

tional materi-

als were pro-

vided to care-

givers?

Health and

nutrition ad-

vice was pro-

vided once af-

ter enrolment

in

the study; un-

clear by whom

and if materi-

als were pro-

vided

“…focused

nu-

tritional coun-

selling and in-

struc-

tions on thera-

peutic feeding

were provided

by the nurses”

(quote)

. Nurses were

“experienced

pediatric nu-

trition nurses”

(quote). It is

unclear if ma-

terials

were provided

to caregivers

Health and

nutrition ad-

vice was pro-

vided as a one-

off after enrol-

ment in

the study; un-

clear by whom

and if materi-

als were pro-

vided

Caregivers

were told that

no food

should be con-

sumed during

the treatment

period

other than the

RUTF

or breast milk.

It is unclear

who conveyed

this informa-

tion to

caregivers, and

whether mate-

rials were pro-

vided

Not reported. Senior re-

search nurses

gave instruc-

tion on the ad-

ministra-

tion and im-

portance

of RUTF, that

no other foods

were required

and that the

RUTF must

not be mixed

or diluted

with porridge.

It is unclear if

this was done

as a one off or

regularly, and

whether mate-

rials were pro-

vided

Caregivers re-

ceived general

health and nu-

trition advice;

unclear by

whom and if

materials were

provided

What proce-

dures?

Children with

SAM and

without com-

plications,

or those with

complica-

tions but who

were stabilised

first in hospi-

tal, were eligi-

ble

Defaulters

(ab-

sent for 3 con-

secutive visits)

No children

were stabilised

in hospital be-

fore the study.

Nothing

reported on

whether

defaulters

were traced or

whether

children with

complica-

tions were re-

ferred to inpa-

tient care

No children

were stabilised

in hospital be-

fore the study.

Default-

ers (absent for

3 consecutive

visits) were

followed

up and invited

back into the

programme by

trained volun-

teers. SAM

children with

Children with

SAM and

without com-

plications,

or those with

complica-

tions but who

were stabilised

first in hospi-

tal, were el-

igible. Partic-

ipants’ home-

steads were

mapped

and defaulters

All children

were stabilised

in hospital

with F-75 for

2-4 days and

started RUTF

as rehabilita-

tion in hospi-

tal. Upon eas-

ily finishing at

least 75%

of their daily

RUTF,

they were dis-

No children

were stabilised

in hospital be-

fore the study.

Children

who remained

wasted after 4

visits, or clini-

cally worsened

during outpa-

tient treat-

ment, were re-

ferred for in-

patient care

Children with

SAM and

with-

out complica-

tions, or those

with com-

plications but

who were sta-

bilised first in

hospital, were

eligible. Noth-

ing reported

on whether

defaulters
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Table 9. TIDieR table: Comparison 3 (Continued)

were followed

up by trained

volunteers and

invited back

into the study.

Children

whose con-

dition deterio-

rated as outpa-

tients were re-

ferred to inpa-

tient care

complica-

tions were re-

ferred to inpa-

tient care

(definition

not provided)

were traced in

the commu-

nity. Partic-

ipants who re-

quired

ongoing inpa-

tient care were

reviewed by a

member of

the study

team daily un-

til discharge to

the outpatient

programme

charged

to continue re-

habilitation at

home. De-

faulters (hav-

ing missed 2

consecutive

outpatient vis-

its) were fol-

lowed up by a

mobile team

were traced

Participants

who refused

to eat

the RUTF for

> 4 days/week

over 2 con-

secutive weeks

or who lost

weight dur-

ing 2 consecu-

tive visits were

excluded from

the trial

Participants

received an in-

centive

after finishing

the trial

Who pro-

vided the in-

tervention?

Unclear who

among

the study staff

(trained study

nurses, nurses,

CHW)

dispensed the

RUTF to care-

givers

Caregivers fed

their children

at home.

Unclear who

dispensed the

RUTF to care-

givers.

Caregivers fed

their children

at home.

Unclear who

among

the study staff

dispensed the

RUTF to care-

givers

Caregivers fed

their children

at home.

Unclear who

among

the study staff

dispensed the

RUTF to care-

givers

Caregivers fed

their children

at home.

Unclear who

among

the study staff

dispensed the

RUTF to care-

givers

Caregivers fed

their children

at home.

RUTF was

distributed by

field

assistants. Se-

nior research

nurses in-

structed care-

takers

on amount to

feed

Caregivers fed

their children

at home.

Study staff

were

a combination

of trained doc-

tors, nurses,

midwives and

Masters in nu-

trition stu-

dents, but it

is unclear who

dispensed the

RUTF to care-

givers

Caregivers fed

their children

at home.

How was the

intervention

provided?

Weekly visits

to

the outpatient

department.

MUAC,

oedema and

weight

were recorded

and children

were screened

for med-

ical problems,

including ap-

Fortnightly

visits to the

outpatient de-

partment. An-

thropomet-

rical measure-

ments were

taken,

and caregivers

were asked

about their

child’s health

Weekly visits

to

the outpatient

department.

MUAC,

oedema and

weight

were recorded

and children

were screened

for med-

ical problems,

Weekly visits

to the

outpatient de-

partment dur-

ing the first

month, and

monthly visits

for the sec-

ond and third

month of the

in-

tervention pe-

In hos-

pital, trained

staff used

a pre-piloted,

standard-

ised question-

naire to obtain

caregiver-re-

ported clinical

outcome indi-

cators of chil-

dren. During

Fortnightly

visits to the

outpatient de-

part-

ment. Weight,

length/height

and

MUAC were

measured, and

children were

assessed for

oedema. Care-

Fortnightly

visits to the

outpatient de-

partment; “all

anthropomet-

rical measures

and oedema

were assessed”

(quote) and

children were

also screened
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Table 9. TIDieR table: Comparison 3 (Continued)

petite and

RUTF side ef-

fects

status including ap-

petite and

RUTF side ef-

fects

riod. MUAC,

weight and

length/height

were

probably mea-

sured. Moni-

toring for side

effects or

adverse events

was con-

ducted at all

scheduled and

un-

scheduled vis-

its. (No infor-

mation on un-

sched-

uled visits was

reported.)

outpatient re-

habilitation,

this was col-

lected at each

2-weekly visit

givers were

asked how

many

days in the last

2 weeks the

child had had

fever, cough,

and diarrhoea

for

medical com-

plications, in-

cluding possi-

ble side effects

of the RUTFs

Intervention

setting

Outpatient

treatment pro-

grammes in

central

Malawi.

Outpatient

treatment pro-

gramme in ru-

ral, southern

Malawi.

Outpatient

treatment pro-

grammes

around

Lusaka, Zam-

bia.

An outpatient

treatment pro-

gramme

at a hospital in

coastal Kenya,

where the ma-

jority of the

community is

involved in ru-

ral subsistence

farming

Inpatient and

outpatient

programmes

in a large, ur-

ban teach-

ing and refer-

ral hospital in

Malawi

Outpatient

treatment pro-

gramme in ru-

ral, southern

Malawi.

At the

national pae-

diatric hospi-

tal in Cambo-

dia and its out-

patient

programme

When and

how much?

RUTF

provided

at 175 kCal/

kg and dis-

pensed weekly

until recovery

or maximum

4 months of

intervention

RUTF pro-

vided at 175

kCal/kg/

day (735 kJ/

kg/day)

and dispensed

every 2 weeks

until recovery

or a maximum

of 12 weeks

RUTF pro-

vided at 200

kCal/kg/

day and dis-

pensed every

week until re-

covery (no

maximum in-

tervention pe-

riod specified)

RUTF

provided

as per national

Kenyan guide-

lines and dis-

pensed once a

week for the

first month

and then once

a month for

the other 2

months until

recovery or a

maximum of

84 days. Chil-

dren who re-

RUTF pro-

vided at 200

kCal/kg/day

and dispensed

every sec-

ond week un-

til recovery or

a maximum of

5 visits (about

10 weeks)

RUTF pro-

vided as 175

kCal/kg/day

and dispensed

every 2 weeks

until recovery

or a maximum

of 8 weeks

RUTF pro-

vided at 160-

180 kCal/kg/

day and dis-

pensed every

2 weeks until

recovery or a

maximum of 8

weeks
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Table 9. TIDieR table: Comparison 3 (Continued)

covered before

day 84 were

given 50% of

the therapeu-

tic dose (to be

taken

alongside fam-

ily foods) until

day 84

Tailoring? No

adjustment of

the RUTF

dose reported.

No

adjustment of

the RUTF

dose reported.

No

adjustment of

the RUTF

dose reported.

If the child

was still hun-

gry, additional

RUTF was of-

fered.

No

adjustment of

the RUTF

dose reported.

No

adjustment of

the RUTF

dose reported.

No

adjustment of

the RUTF

dose reported.

Modifica-

tions of inter-

ven-

tion through-

out the trial?

None

reported.

None

reported.

None

reported.

In May 2013,

provision of all

study RUTF

was stopped

due to perox-

idation of the

con-

trol group’s F-

RUTF.

The children

who were still

on RUTF at

that time were

switched to S-

RUTF

supplied by

Kenya’s Min-

istry of

Health. All of

these partici-

pants were fol-

lowed up for

the full study

duration and

included in

the intention-

to-treat analy-

ses

None

reported.

None

reported.

If children did

not

eat the RUTF

to which they

were assigned,

they were of-

fered the alter-

native RUTF.

This hap-

pened in both

groups, with

2/61 children

from the ex-

per-

imental group

and 1/60 child

from the con-

trol group

Strategies to

improve/

maintain in-

tervention fi-

delity

Caregivers

were inter-

viewed at each

visit on the ac-

ceptability

Twins were

given a RUTF

ration to limit

sharing. Also,

where there

Caregivers

were inter-

viewed at each

visit on the ac-

Adher-

ence was mon-

itored by in-

terviews with

Caregivers re-

ported on ad-

herence

and non-shar-

Twins were

given a RUTF

ration to

limit sharing.

Caregivers

were

asked to bring

the remaining
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Table 9. TIDieR table: Comparison 3 (Continued)

of the RUTF,

and whether

the child had

eaten a RUTF

formulation

other than the

one that they

had been allo-

cated

were

study partici-

pants from the

same house-

hold, they re-

ceived the

same food to

prevent con-

tamination of

the allocated

RUTF

At every visit,

caregivers

were asked

about their

child’s feeding

habits

(no more de-

tail provided)

ceptability

of the RUTF,

and whether

the child had

eaten a RUTF

formulation

other than the

one that they

had been allo-

cated

caregivers and

counting full

and empty sa-

chets of

RUTF. Adher-

ence was cal-

cu-

lated accord-

ing to “’full

ration’ taking

account of the

participant’s

weight and

stage of treat-

ment” (quote)

ing to trained

staff

Children with

MAM from

the same

household

were given

the same food

as the SAM

child. Also,

where there

were study

participants

from the same

household,

they received

the same food

to prevent

contamina-

tion of the

allocated

RUTF. It is

unclear if

information

on participant

adherence was

collected

RUTF to each

visit, to check

for adherence

Extent of in-

tervention fi-

delity

Adherence re-

sults not re-

ported.

Adherence re-

sults not re-

ported.

43 children

switched from

the SMS-

RUTF (con-

trol) to the P-

RUTF (S-

RUTF, experi-

mental)

arm. No chil-

dren switched

from P-RUTF

to SMS-

RUTF. The

amount

of RUTF con-

sumed

(adherence re-

sults) was not

measured

The

median com-

pliance on day

84 was 90%

(range

80-101) in the

experimental

arm and 96%

(range

67-100) in the

control arm

Adherence re-

sults not re-

ported.

Adherence re-

sults not re-

ported.

The mean

utilisation of

RUTF was 51.

7% in the ex-

perimental

arm and 48.

1% in the con-

trol arm.

Upon ques-

tioning, 41%

of caregivers in

the

experimen-

tal arm ver-

sus 27% in the

control arm

reported they

had either

sold, given

away, thrown

away, lost the

RUTF, or that

it was eaten by

animals
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ALA: alpha-linolenic acid; BP100: solid biscuit made from cooked wheat; CHW: community health workers; DHA: docosahexaenoic

acid; F-RUTF: flax-seed containing ready-to-use therapeutic food; MAM: Moderate acute malnutrition; MUAC: mid-upper arm

circumference; P-RUTF: standard peanut-based ready-to-eat therapeutic food; RUTF: Ready-to-use therapeutic food; S-RUTF:

standard ready-to-use therapeutic food; SAM: severe acute malnutrition; SMS-RUTF: milk-free soy-maize-sorghum-based ready-

to-use therapeutic food

Table 10. Additional assessment of risk of bias in included cluster-randomised trials

Study ID Recruitment bias Baseline imbalance Loss of clusters Incorrect analysis Comparability with

individually-

randomised trials

Ciliberto 2005 Inadequate

Being

a stepped-wedge de-

sign, recruitment oc-

curred after sites were

assigned

a specific treatment.

All children eventu-

ally ended up with

RUTF, although the

time point at which

conversion

from standard care

to RUTF took place

was unknown. The

study authors recog-

nised that recruit-

ment bias was possi-

ble: “a source of bias

might have been that

a mother of a mod-

erately malnourished

child might have vis-

ited the

NRU for screening

when she heard that

home-based therapy

was being offered”

(quote)

Unclear

Baseline characteris-

tics per intervention

arm were reported,

but similarities and

differ-

ences between clus-

ters were not men-

tioned

Adequate

All randomised chil-

dren were included

in the analyses.

Unclear

The study authors

did not adjust their

analyses for cluster-

ing, but did pro-

vide sufficient infor-

mation to allow us

calculate and apply

an estimated design

effect. However, we

are unsure how close

to the truth the esti-

mated ICC is

Adequate

For

the 4 most important

outcomes, the find-

ings of this trial are

in line with that of

the individually-ran-

domised trials

Irena 2015 Inadequate

Children were

recruited after ran-

domisation of clus-

ters (healthcare clin-

ics). The study au-

thors indicate that re-

Adequate

The study

authors reported “...

that many important

baseline characteris-

tics, such [as] preva-

lence of oedema, av-

Adequate

All randomised chil-

dren were included

in the analyses.

Adequate

The study authors

adjusted for cluster-

ing in their multi-

variate analyses and

provided the ICC

that they used. We

Adequate

For

the 4 most important

outcomes, the find-

ings of this trial are

in line with that of
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Table 10. Additional assessment of risk of bias in included cluster-randomised trials (Continued)

cruitment bias may

have resulted

in greater numbers

of children attending

the S-RUTF sites: “.

...preferential referral

to or attendance at

the sites of the P-

RUTF arm” (quote)

erage MUAC, the

presence of diarrhoea

and presence of de-

hydration, differed

between the two

arms” (quote). How-

ever, they performed

multivariable analy-

ses to assess the effect

of these differences

on the outcomes and

found that these vari-

ables did not appear

to interact with the

outcomes

used this ICC to ad-

just the raw counts

provided in the paper

the individually-ran-

domised trials

Manary 2004 Adequate

The unit of system-

atic allocation was

clusters, according to

the day of discharge

in the month. Chil-

dren were recruited

after discharge days

and were allocated to

a specific treatment.

However, an inde-

pendent doctor dis-

charged the children

without knowing

which discharge days

matched which treat-

ment. Therefore, the

risk of recruitment

bias was minimised

Unclear

Baseline characteris-

tics per intervention

arm were reported,

but similarities and

differences between

children discharged

on different days (i.

e. clusters) were not

mentioned

Adequate

All randomised chil-

dren were included

in the analyses.

Unclear

The study authors

did not adjust their

analyses for cluster-

ing, but did pro-

vide sufficient infor-

mation to calculate

and apply an esti-

mated design effect.

However, we are un-

sure how close to the

truth the estimated

ICC is

Unclear

The findings of this

trial are in line with

that of the individu-

ally randomised trial

for the outcomes of

’recovery’ and ’mor-

tality’, but not for the

outcomes of ’relapse’

and ’weight gain’

Ndekha 2005 Adequate

The unit of system-

atic alloca-

tion was clusters, ac-

cording to the week

of discharge. Chil-

dren were recruited

after the weeks of dis-

charge were allocated

to a specific treat-

ment. However, an

independent doctor

discharged the chil-

Unclear

Baseline characteris-

tics per intervention

arm were reported,

but similarities and

differ-

ences between chil-

dren discharged dur-

ing different weeks (i.

e. clusters) were not

mentioned

Adequate

All randomised chil-

dren were included

in the analyses.

Unclear

The study authors

did not adjust their

analyses for cluster-

ing, but did provide

us with the number

of clusters, which al-

lowed us to calcu-

late and apply an es-

timated design effect.

However, we are un-

sure how close to the

truth the estimated

Unclear

For 3 of the 4 most

important outcomes,

the findings of this

trial are in line with

that of the individu-

ally randomised trial.

However, the find-

ings for the outcome

of ’relapse’ were dif-

ferent, but this could

be due to factors

other than the study
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Table 10. Additional assessment of risk of bias in included cluster-randomised trials (Continued)

dren without know-

ing which discharge

weeks

matched which treat-

ment. Therefore, the

risk of recruitment

bias was minimised

ICC is design as all chil-

dren in this trial were

HIV-infected

ICC: intracluster correlation coefficient; MUAC: mid-upper arm circumference; NRU: nutrition rehabilitation unit; RUTF: ready-

to-use therapeutic food; S-RUTF: standard ready-to-use therapeutic food

Table 11. Summary of cost- and cost-effectiveness studies

Author Bachmann

2009

Garg 2018 Isanaka 2017 Rogers 2018 Tekeste 2012 Puett 2013 Wilford 2012

Intervention

assessed

CMAM com-

pared to a hy-

pothetical al-

terna-

tive of provid-

ing no treat-

ment

Home-

based manage-

ment of SAM

in a commu-

nity setting: 2

different

RUTF feeding

regimens were

compared

against an en-

ergy-

dense, home-

prepared food

regimen

Routine inpa-

tient and out-

pa-

tient manage-

ment CMAM

of SAM.

There was no

control group

CHW deliv-

ered treatment

of SAM com-

pared to out-

patient facil-

ity-based care

CTC of SAM

in comparison

to facil-

ity-based TFC

care in emer-

gencies

Community-

based manage-

ment of

SAM added to

a community-

based health

and nutrition

programme

versus in-

patient treat-

ment aug-

mented with

community

surveillance by

CHW

Community-

based manage-

ment of acute

mal-

nutrition inte-

grated into

health services

in comparison

to health ser-

vices with no

CMAM

Location Zambia India Niger Mali Ethiopia Bangladesh Malawi

Population Children

< 5 years with

SAM (MUAC

< 11 cm, or bi-

lateral pitting

oedema)

Children aged

6 months-5

years with un-

complicated

SAM (WHZ <

-3, or oedema,

or both)

Children aged

6 months-5

years with un-

compli-

cated or com-

plicated SAM

(MUAC < 115

mm, or WHZ

< -3 and

MUAC > 115

mm)

Children aged

6-59 months

with uncom-

plicated SAM

(MUAC < 115

mm, WHZ <

-3, or bilateral

oedema)

Children with

SAM (age and

diagnostic cri-

teria used for

eligible partic-

ipants not re-

ported) that

required treat-

ment during a

drought crisis

Children aged

6-36 months

with uncom-

plicated SAM

(MUAC < 110

mm,

or oedema, or

both)

Children < 5

years old with

SAM (oedema

or wast-

ing); default-

ers and read-

missions were

included

Type of anal-

ysis

Cost-effec-

tiveness analy-

Costing analy-

sis where the

Cost analysis

of in- and

Activity-based

cost anal-

Retrospec-

tive compara-

Cost-effec-

tiveness analy-

Cost effective-

ness
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Table 11. Summary of cost- and cost-effectiveness studies (Continued)

sis based on a

decision tree

model

costs were cal-

culated

per week per

child for activ-

ities under re-

search setting

and estimated

for the activi-

ties

that are likely

to be done un-

der the gov-

ernment set-

ting

outpatient

treatment,

including

cost of F-

75, F-100,

and RUTF

(Plumpy’nut®)

ysis was de-

veloped. Costs

were esti-

mated via doc-

ument review,

interviews and

focus groups

tive cost-effec-

tiveness evalu-

ation of thera-

peutic feeding

programmes

in

emergencies

Assessed

parental costs

by interview.

Sourced other

costs from ex-

isting data

sis of CMAM

delivered

by CHW ver-

sus inpatient

treatment

analysis based

on a decision

tree model.

Perspective

taken

Health

services

Health

services

Health

services

Societal

perspective

Societal

perspective

Societal

perspective

Health

services

Major

outcome(s)

Death Recovery dur-

ing treatment

period (WHZ

> -2),

and absence of

oedema in the

feet

Not appli-

cable, as cost

analysis and

not cost-effec-

tiveness analy-

sis was done

Recovery rate Cure rate Death, recov-

ery

Death, cure,

default or

non-recovery

Main cost

category

RUTF, health

cen-

tre visit, pro-

gramme estab-

lishment, hos-

pitalisation

Hu-

man resources

(per week per

child based on

salaries and

time taken)

and consum-

ables (RUTF,

medicines)

and program-

matic and ad-

ministra-

tive costs. Es-

timated cost of

resources that

would be used

in the govern-

ment setting

Out-

patient: thera-

peutic food

and personnel

Inpatient: per-

sonnel, trans-

port and logis-

tical sup-

port and ther-

apeutic food

All costs in-

curred by in-

sti-

tutions, ben-

eficiaries and

communities

were included.

Variable costs

per child were

costs to house-

holds and

RUTF

costs (that in-

cluded its pur-

chase, storage,

secu-

rity and trans-

port costs)

Health-

care costs and

costs to par-

ents were as-

sessed (the lat-

ter

by using ques-

tionnaires)

Person-

nel, capital de-

preciation and

utilities, medi-

cation, RUTF

or milk-based

for-

mula, caretak-

ers’ food, non-

food items

Total costs

to households

(transport,

time, food)

and the health

service (per-

sonnel, super-

vision,

training, med-

ication, thera-

peutic

feeds includ-

ing RUTF)

Administra-

tion, person-

nel, transport,

RUTF, thera-

peutic

milk, medica-

tion, and bed

costs

Currency International

dollars

USD and INR

(USD 1 = 62

rupees)

Euros

(EUR 1 = 656

XOF)

USD USD USD

(USD 1 = 67.

94 BDT)

USD

(USD 1 = 140

MWK)
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Table 11. Summary of cost- and cost-effectiveness studies (Continued)

Price year 2008 2013 and

2014

2013 2016 TFC: July

2003-

January 2004;

CTC: July

2005 to April

2007

2010 2007

(Janauary-

December)

Sensitivity

analysis

Yes (one- and

two-way anal-

ysis)

Not reported Yes (one-way) Yes (uni-

variate, multi-

variate prob-

abilistic, and

modelled sce-

nario sensitiv-

ity analyses)

Was done, but

not reported

Yes (one-way)

Relative effect

of different in-

puts

on the DALYs

averted

in community

and inpatient

treatment

Yes (one-way)

Result sum-

mary

CMAM cost

USD 203 per

child

Average

total cost per

treated child

in the govern-

ment setting

was estimated

at USD 56 (<

3500 rupees)

No significant

difference in

costs was de-

tected across

the 3 feeding

regimens

Total cost was

EUR 148.86

per child

The av-

erage cost per

child treated

by CHWs was

USD

244 compared

to USD 442 in

the outpatient

facility. The

cost per child

recov-

ered was USD

259 by CHWs

and USD 501

in the outpa-

tient facility

Institutional

cost:

TFC: USD

262.62

CMAM: USD

128.58

Costs to care-

givers:

TFC USD 0.

92 + USD 21.

01 = USD 21.

93

CTC USD 0.

42 + USD 5.

87 = USD 6.

29

CMAM:

USD 165 per

child;

cost per child

recovered

USD 180;

cost per death

averted USD

869;

cost per DALY

averted USD

26

Inpatient

treatment:

USD 1344;

cost per child

recovered

USD 9149;

cost per death

averted USD

45688;

cost per DALY

averted USD

1344

The total cost

of providing

CMAM

was USD 470,

703, and for

non-CMAM

(USD 23,394)

treat-

ment for SAM

in Dowa dis-

trict (scenario

1) was USD

494,097

USD 42 per

DALY averted

(or USD 1365

per

life saved)

Average

cost per child

treated in

CMAM: USD

169.3 (140.3

to 211.6)

Av-

erage cost per

child treated

in non-

CMAM: USD

16.7 (12.5 to

20.9)
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Table 11. Summary of cost- and cost-effectiveness studies (Continued)

RUTF cost USD 72.

52 (mean) per

child, i.e. 35.

8% of the total

cost

USD 36.4 per

child treated

in the govern-

ment setting;

that is 65%

of total aver-

age cost

CMAM:

RUTF

cost was 44%

(EUR 32.

98 per child)

of total cost

Inpatient care:

RUTF

cost was 11%

(EUR 14.

34 per child)

of total cost

RUTF’s

average cost

per treated

child was

(17795+5648)

/(617+212) =

USD 28.8;

(RUTF costs

were 11.8% of

to-

tal cost in the

CHWs group

and 6.0% of

total cost in

the outpatient

facility group)

Facility-based:

USD

42.93 (mean)

per child, that

is 16.35% of

total cost

CMAM: USD

55.53 (mean)

per child, that

is 43.19% of

total cost

USD 36.36

per child en-

rolled, that is

24%

of total cost of

CMAM

RUTF

was USD 169.

3, that is 32%

of total cost of

CMAM

Cost per

death averted

USD 1760 Not reported Not reported Not reported Not reported CMAM: USD

869

Inpatient

treatment:

USD 45688

USD 1365

Cost per

DALY

averted

USD 53 Not reported Not reported Not reported Not reported CMAM: USD

26

Inpatient

treatment:

USD 1344

USD 42

Production Valid Interna-

tional

RUTF-C

was produced

by Comparct

Foods Ltd, In-

dia; RUTF-L

was prepared

at each par-

ticipating site

in a designated

room

Not specified,

but im-

plied that the

RUTF came

from Nutriset,

France as

Plumpy’nut®

was used

UNICEF pro-

vided

the RUTF for

the study; un-

clear who pro-

duced it

Not specified,

but im-

plied that im-

ported RUTF

was used

Plumpy’nut®,

Nutriset

France

Not specified,

but im-

plied that im-

ported RUTF

was used

Funder Valid Interna-

tional and

Concern

Bill and

Melinda Gates

Foundation

Study authors

reported that

there was no

funding

for the prepa-

ration of the

manuscript

Innocent

Foundation

Jimma

University

GAIN,

the Global Al-

liance for Im-

proved Nutri-

tion. Addi-

tional support

was provided

by the Fein-

Concern

Worldwide
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Table 11. Summary of cost- and cost-effectiveness studies (Continued)

stein Interna-

tional Center

at Tufts Uni-

versity

CHW: community health worker; CMAM: community-based management of acute malnutrition; CTC: commu-

nity-based therapeutic care; DALY: disability-adjusted life year; MUAC: mid-upper arm circumference; RUTF:

ready-to-use therapeutic food; RUTF-C: commercially produced ready-to-eat therapeutic food; RUTF-L: locally

produced ready-to-eat therapeutic food; SAM: severe acute malnutrition; TFC: therapeutic feeding centre; WHZ:

weight for height z score

A P P E N D I C E S

Appendix 1. Search strategies from 2013 onwards

Cochrane Central Register of Clinical Trials (CENTRAL), in the Cochrane Library

Issue 6 of 12, 2017, searched 2 June 2017; Issue 9 of 12, 2018, searched 9 October 2018

#1 MeSH descriptor: [Nutrition Disorders] this term only

#2 MeSH descriptor: [Child Nutrition Disorders] this term only

#3 MeSH descriptor: [Infant Nutrition Disorders] this term only

#4 MeSH descriptor: [Protein-Energy Malnutrition] this term only

#5 MeSH descriptor: [Wasting Syndrome] this term only

#6 MeSH descriptor: [Emaciation] this term only

#7 undernutrition or under-nutrition

#8 undernourish* or under-nourish*

#9 malnutrition or mal-nutrition

#10 malnourish* or mal-nourish*

#11 nutrition* next defic*

#12 marasmus

#13 kwashiorkor

#14 emaciat*

#15 wasted or wasting

#16 stunted or stunting

#17 MeSH descriptor: [Malnutrition] this term only

#18 MeSH descriptor: [Deficiency Diseases] this term only

#19 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18

#20 MeSH descriptor: [Food, Formulated] this term only

#21 MeSH descriptor: [Dietary Supplements] explode all trees

#22 therapeutic near/3 (food* or diet*)

#23 enrich* near/3 (food* or diet*)

#24 fortifi* near/3 (food* or diet*)

#25 supplement* near/3 (food* or diet*)

#26 ready near/3 food*
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#27 RUTF

#28 RTUF

#29 ready-to-use food

#30 MeSH descriptor: [Food, Fortified] this term only

#31 #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #29 or #30

#32 baby or babies or infant* or child* or boy* or girl* or toddler* or preschool* or pre-school* or kindergarten*

#33 #19 and #31 and #32 Publication Year from 2013 to 2017

MEDLINE(R), Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Daily and Versions(R) Ovid

Searched 30 May 2017 and October 2018

1 nutrition disorders/

2 malnutrition/

3 exp protein-energy malnutrition/

4 wasting syndrome/

5 Emaciation/

6 infant nutrition disorders/

7 child nutrition disorders/

8 deficiency diseases/

9 (undernutrition or under-nutrition).tw.

10 (undernourish$ or under-nourish$).tw.

11 (malnutrition or mal-nutrition).tw.

12 (malnourish$ or mal-nourish$).tw.

13 (nutrition$ adj defic$).tw.

14 marasmus$.tw.

15 kwashiorkor.tw.

16 emaciat$.tw.

17 (wasted or wasting).tw.

18 (stunted or stunting).tw.

19 or/1-18

20 Food, Fortified/

21 Food, Formulated/

22 exp Dietary Supplements/

23 (therapeutic adj3 (food$ or diet$)).tw.

24 (enrich$ adj3 (food$ or diet$)).tw.

25 (fortifi$ adj3 (food$ or diet$)).tw.

26 (supplement$ adj3 (food$ or diet$)).tw.

27 (ready adj3 food$).tw.

28 (RUTF or RTUF).tw.

29 or/20-28

30 19 and 29

31 Infant/

32 exp Child/

33 (baby or babies or infant$ or child$ or boy$ or girl$ or toddler$ or preschool$ or pre-school$ or kindergarten$).tw.

34 31 or 32 or 33

35 30 and 34

36 randomized controlled trial.pt.

37 controlled clinical trial.pt.

38 randomi#ed.ab.

39 placebo$.ab.

40 drug therapy.fs.

41 randomly.ab.

42 trial.ab.
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43 groups.ab.

44 or/36-43

45 exp animals/ not humans.sh.

46 44 not 45

47 35 and 46

Embase Ovid

Searched 30 May 2017 and 8 October 2018

1 nutritional deficiency/

2 nutritional disorder/

3 protein calorie malnutrition/

4 malnutrition/

5 wasting syndrome/

6 weight reduction/

7 (undernutrition or under-nutrition).tw.

8 (undernourish$ or under-nourish$).tw.

9 (malnutrition or mal-nutrition).tw.

10 (malnourish$ or mal-nourish$).tw.

11 (nutrition$ adj defic$).tw.

12 emaciat$.tw.

13 (wasted or wasting).tw.

14 (stunted or stunting).tw.

15 kwashiorkor/

16 kwas?io?kor.tw.

17 marasmus/

18 marasmus$.tw.

19 or/1-18

20 diet supplementation/

21 “ready to use therapeutic food”/

22 (therapeutic adj3 (food$ or diet$)).tw.

23 (fortifi$ adj3 (food$ or diet$)).tw.

24 (enrich$ adj3 (food$ or diet$)).tw.

25 (supplement$ adj3 (food$ or diet$)).tw.

26 (ready adj3 food$).tw.

27 (RUTF or RTUF).tw.

28 or/20-27

29 infant/

30 exp child/

31 (baby or babies or infant$ or child$ or boy$ or girl$ or toddler$ or preschool$ or pre-school$ or kindergarten$).tw.

32 29 or 30 or 31

33 Clinical trial/

34 Randomized controlled trial/

35 Randomization/

36 Single blind procedure/

37 Double blind procedure/

38 Crossover procedure/

39 Placebo/

40 Randomi#ed.twz

41 RCT.tw.

42 (random$ adj3 (allocat$ or assign$)).tw.

43 randomly.ab.

44 groups.ab.
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45 trial.ab.

46 ((singl$ or doubl$ or trebl$ or tripl$) adj3 (blind$ or mask$)).tw.

47 Placebo$.tw.

48 Prospective study/

49 (crossover or cross-over).tw.

50 prospective.tw.

51 or/33-50

52 19 and 28 and 32 and 51

53 limit 52 to yr=“2013 -Current”

African Index Medicus (indexmedicus.afro.who.int/)

Searched 5 June 2017 and 9 October 2018

(tw:(“nutrition disorders” OR malnutrition OR emaciation OR kwashiorkor OR marasmus OR wasting OR wasted OR stunting OR

stunted )) AND (tw:(child OR children OR infant OR baby OR babies OR bebe OR enfant OR preschool)) AND (tw:(rutf OR

rtuf OR “therapeutic food” OR “ready to use food”)) AND (instance:“ghl”) AND ( year˙cluster:(“2015” OR “2016” OR “2013” OR

“2014” OR “2017”))

CINAHL EBSCOhost (Cumulative Index to Nursing and Allied Health Literature)

Searched 30 May 2017 and 9 October 2018

# Query Limiters/Expanders

S34 S18 AND S27 AND S32 Limiters - Published Date: 20130101-20171231

Search modes - Boolean/Phrase

S33 S18 AND S27 AND S32 Search modes - Boolean/Phrase

S32 S28 OR S29 OR S30 OR S31 Search modes - Boolean/Phrase

S31 TI baby or babies or infant* or child* or boy* or girl* or tod-

dler* or preschool* or pre-school* or kindergarten*

Search modes - Boolean/Phrase

S30 AB baby or babies or infant* or child* or boy* or girl* or

toddler* or preschool* or pre-school* or kindergarten*

Search modes - Boolean/Phrase

S29 AG Infant: 1-23 months Search modes - Boolean/Phrase

S28 AG child,preschool Search modes - Boolean/Phrase

S27 S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR

S26

Search modes - Boolean/Phrase

S26 RUTF or RTUF Search modes - Boolean/Phrase

S25 ready N3 food* Search modes - Boolean/Phrase

S24 (supplement* N3 food*) or (supplement* N3 diet*) Search modes - Boolean/Phrase
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(Continued)

S23 (fortifi* N3 food*) or (fortifi* N3 diet*) Search modes - Boolean/Phrase

S22 (therapeutic N3 food*) or (therapeutic N3 diet*) Search modes - Boolean/Phrase

S21 (enrich N3 food*) or (enrich N3 diet*) Search modes - Boolean/Phrase

S20 MH Dietary Supplements Search modes - Boolean/Phrase

S19 MH Food, Fortified Search modes - Boolean/Phrase

S18 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR

S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR

S16 OR S17

Search modes - Boolean/Phrase

S17 stunted or stunting Search modes - Boolean/Phrase

S16 wasted or wasting Search modes - Boolean/Phrase

S15 emaciat* Search modes - Boolean/Phrase

S14 kwashiorkor* Search modes - Boolean/Phrase

S13 marasmus* Search modes - Boolean/Phrase

S12 (malnourish* or mal-nourish*) Search modes - Boolean/Phrase

S11 (nutrition defic*) Search modes - Boolean/Phrase

S10 malnutrition or mal-nutrition Search modes - Boolean/Phrase

S9 undernourish* or under-nourish* Search modes - Boolean/Phrase

S8 undernutrition or under-nutrition Search modes - Boolean/Phrase

S7 MH Kwashiorkor Search modes - Boolean/Phrase

S6 MH Deficiency Diseases Search modes - Boolean/Phrase

S5 MH Protein-Energy Malnutrition Search modes - Boolean/Phrase

S4 MH Protein Deficiency Search modes - Boolean/Phrase

S3 MH Infant Nutrition Disorders Search modes - Boolean/Phrase

S2 MH Child Nutrition Disorders Search modes - Boolean/Phrase

S1 MH “Nutrition Disorders” Search modes - Boolean/Phrase
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Science Citation Index Web of Science

Searched 5 June 2017 and 9 October 2018

# 22 289 #20 AND #19

Refined by: PUBLICATION YEARS: ( 2015 OR 2016 OR 2017 OR 2013 OR 2014 )

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 21 769 #20 AND #19

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 20 1,793,637 TS=(infant* or child* or preschool* or pre-school or toddler* or kindergarten* or boy* or girl*)

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 19 2,105 #18 AND #17

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 18 378,377 #16 OR #15 OR #14 OR #13 OR #12 OR #11 OR #10 OR #9 OR #8 OR #7

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 17 66,610 #6 OR #5 OR #4 OR #3 OR #2 OR #1

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 16 3,439 TS= (“protein deficien*”)

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 15 154 TS=(“ nutrition defic*”)

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 14 288 TS=(“nutrition disorder*”)

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 13 1,490 TS=((emaciat*))

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 12 10,452 TS=((stunted or stunting))

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 11 322,669 TS=((wasted or wasting))

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 10 1,361 TS=((kwashiorkor*))

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 9 416 TS=((marasmus*))

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 8 38,653 TS=(malnutrition or undernutrition)

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years
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http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=27%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=CombineSearches%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=26%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=CombineSearches%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=25%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=24%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=CombineSearches%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=23%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=CombineSearches%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=22%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=CombineSearches%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=21%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=20%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=19%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=18%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=15%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=13%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=12%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=11%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=10%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes


(Continued)

# 7 10,367 TS=(malnourish* or undernourish*)

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 6 209 TS=(“ready to use” near/3 food)

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 5 1,988 TS=((therapeutic* near/3 (food* or diet*)))

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 4 55,730 TS=((supplement* near/3 (food* or diet*)))

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 3 3,641 Ts=((fortifi* NEAR/3 (food* or diet*)))

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 2 7,691 TS=((enrich* NEAR/3 (food* or diet*)))

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 1 87 TS=(RUTF or RTUF)

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

LILACS (Latin American and Caribbean Health Science Information database; lilacs.bvsalud.org/en/)

Searched 2 June 2017 and 9 October 2018

(tw:(RUTF OR RTUF OR “therapeutic food” OR “ready to use food”)) AND (tw:(baby or babies or infant* or child* or boy* or girl*

or toddler* or preschool* or pre-school* or kindergarten*))

ZETOC (zetoc.jisc.ac.uk/)

Searched 30 May 2017 and 9 October 2018

5 any: “ready to use food” sorted on date

4 any: “therapeutic food” sorted on date

3 any: RTUF sorted on reverse date

2 any: RUFT sorted on reverse date

1 any: RUTF sorted on reverse date

Epistemonikos (www.epistemonikos.org/)

Searched last 5 years : 2 June 2017 and 9 October 2018

(RUTF OR RTUF OR therapeutic food OR ready to use food) AND children
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http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=9%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=8%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=7%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=6%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=5%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=4%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.gla.ac.uk/summary.do?product=WOS%26doc=1%26qid=1%26SID=1B7AAUyaW9Y1KoHKDag%26search_mode=AdvancedSearch%26update_back2search_link_param=yes


Clinicaltrials.gov (clinicaltrials.gov/)

Searched 5 June 2017 and 10 October 2018; no time limits

RUTF OR “therapeutic food” OR “ready to use food” | Child

ISRCTN registry (www.isrctn.com/)

Searched 5 June 2017 and 9 October 2018; no time limits

RUTF OR “therapeutic food” OR “ready to use food” within Participant age range: Child

WHO ICTRP (World Health Organization International Clinical Trials Registry Platform;

apps.who.int/trialsearch/)

Searched 5 June 2017 and 10 October 2018; no time limits

RUTF OR therapeutic food OR ready to use food (Trials in children)

Appendix 2. Search strategies for cost-effectiveness studies

Ovid MEDLINE(R)

Searched 12 June 2017 and 9 October 2018

1 economics/

2 exp “Costs and Cost Analysis”/

3 economics.fs. (387872)

4 (economic$ or cost or costs or costly or costing or price or prices or pricing).tw,kf.

5 (expenditure$ not energy).tw,kf.

6 “value for money”.tw,kf.

7 budget$.tw,kf.

8 or/1-7

9 Food, Fortified/

10 Food, Formulated/

11 exp Dietary Supplements/

12 (therapeutic adj3 (food$ or diet$)).tw.

13 (enrich$ adj3 (food$ or diet$)).tw.

14 (fortifi$ adj3 (food$ or diet$)).tw.

15 (supplement$ adj3 (food$ or diet$)).tw.

16 (ready adj3 food$).tw.

17 (RUTF or RTUF).mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word,

protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

18 or/9-17

19 8 and 18

20 Infant/

21 exp Child/

22 (baby or babies or infant$ or child$ or boy$ or girl$ or toddler$ or preschool$ or pre-school$ or kindergarten$).tw.

23 20 or 21 or 22

24 19 and 23

25 nutrition disorders.mp. or Nutrition Disorders/

26 malnutrition.mp. or Malnutrition/

27 undernutrition.mp.

28 (undernourish$ or under-nourish$ or malnourish$ or mal-nourish$).mp. [mp=title, abstract, original title, name of substance word,

subject heading word, keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, unique

identifier, synonyms]

29 (marasmus$ or kwashiorkor or emaciat$ or wasted or wasting or stunted or stunting).tw.
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30 25 or 26 or 27 or 28 or 29

31 24 and 30

MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Daily and Versions(R) Ovid

Searched 12 June 2017 and 9 October 2018

1 economics/

2 exp “Costs and Cost Analysis”/

3 economics.fs.

4 (economic$ or cost or costs or costly or costing or price or prices or pricing).tw,kf.

5 (expenditure$ not energy).tw,kf.

6 “value for money”.tw,kf.

7 budget$.tw,kf.

8 or/1-7

9 Food, Fortified/

10 Food, Formulated/

11 exp Dietary Supplements/

12 (therapeutic adj3 (food$ or diet$)).tw.

13 (enrich$ adj3 (food$ or diet$)).tw.

14 (fortifi$ adj3 (food$ or diet$)).tw.

15 (supplement$ adj3 (food$ or diet$)).tw.

16 (ready adj3 food$).tw.

17 (RUTF or RTUF).mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word,

protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

18 or/9-17

19 8 and 18

20 Infant/

21 exp Child/

22 (baby or babies or infant$ or child$ or boy$ or girl$ or toddler$ or preschool$ or pre-school$ or kindergarten$).tw.

23 20 or 21 or 22

24 19 and 23

25 nutrition disorders.mp. or Nutrition Disorders/

26 malnutrition.mp. or Malnutrition/

27 undernutrition.mp.

28 (undernourish$ or under-nourish$ or malnourish$ or mal-nourish$).mp. [mp=title, abstract, original title, name of substance word,

subject heading word, keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, unique

identifier, synonyms]

29 (marasmus$ or kwashiorkor or emaciat$ or wasted or wasting or stunted or stunting).tw.

30 25 or 26 or 27 or 28 or 29

31 24 and 30

Embase Ovid

Searched 12 June 2017 and 9 October 2018

1 economics/

2 (economic$ or cost or costs or costly or costing or price or prices or pricing).tw,kf.

3 (expenditure$ not energy).tw,kf.

4 “value for money”.tw,kf.

5 budget$.tw,kf.

6 Food, Fortified/

7 Food, Formulated/

8 (therapeutic adj3 (food$ or diet$)).tw.

9 (enrich$ adj3 (food$ or diet$)).tw.
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10 (fortifi$ adj3 (food$ or diet$)).tw.

11 (supplement$ adj3 (food$ or diet$)).tw.

12 (ready adj3 food$).tw.

13 (RUTF or RTUF).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer,

device trade name, keyword, floating subheading word]

14 Infant/

15 exp Child/

16 (baby or babies or infant$ or child$ or boy$ or girl$ or toddler$ or preschool$ or pre-school$ or kindergarten$).tw.

17 14 or 15 or 16

18 nutrition disorders.mp. or Nutrition Disorders/

19 malnutrition.mp. or Malnutrition/

20 undernutrition.mp.

21 (undernourish$ or under-nourish$ or malnourish$ or mal-nourish$).mp. [mp=title, abstract, heading word, drug trade name,

original title, device manufacturer, drug manufacturer, device trade name, keyword, floating subheading word]

22 (marasmus$ or kwashiorkor or emaciat$ or wasted or wasting or stunted or stunting).tw.

23 18 or 19 or 20 or 21 or 22

24 17 and 23

25 exp economic evaluation/

26 1 or 2 or 3 or 4 or 5 or 25

27 24 and 26

28 diet supplementation/

29 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 28

30 27 and 29

NHS Economic Evaluation Database (NHS EED), part of the Cochrane Library

NHS EED ceased to be updated in March 2015. It was searched for this review on 12 June 2017.

#1 MeSH descriptor: [Food, Formulated] this term only

#2 MeSH descriptor: [Dietary Supplements] explode all trees

#3 therapeutic near/3 (food* or diet*)

#4 enrich* near/3 (food* or diet*)

#5 fortifi* near/3 (food* or diet*)

#6 supplement* near/3 (food* or diet*)

#7 ready near/3 food*

#8 RUTF or RTUF

#9 ready-to-use food

#10 MeSH descriptor: [Food, Fortified] this term only

#11 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10

#12 baby or babies or infant* or child* or boy* or girl* or toddler* or preschool* or pre-school* or kindergarten*

#13 #11 and #12

ECONLIT EBSCOHost

Searched 12 June 2017 and 9 October 2018
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# Query Limiters/Expanders Last run via

S3 S1 AND S2 Search modes - Boolean/Phrase Interface - EBSCOhost Research Databases

Search Screen - Advanced Search

Database - EconLit

S2 TX ( child* or infant* ) OR TX ( baby or

babies or infant* or child* or boy* or girl*

or toddler* or preschool* or pre-school*

or kindergarten* )

Search modes - Boolean/Phrase Interface - EBSCOhost Research Databases

Search Screen - Advanced Search

Database - EconLit

S1 TX fortified foods OR TX ( (enrich N3

food*) or (enrich N3 diet*) ) OR TX (

(therapeutic N3 food*) or (therapeutic

N3 diet*) ) OR TX ( (fortifi* N3 food*)

or (fortifi* N3 diet*) ) OR TX ( (sup-

plement* N3 food*) or (supplement* N3

diet*) ) OR TX ready N3 food* OR TX

( RUTF or RTUF )

Search modes - Boolean/Phrase Interface - EBSCOhost Research Databases

Search Screen - Advanced Search

Database - EconLit

Appendix 3. Search strategies before 2013

Cochrane Central Register of Clinical Trials (CENTRAL), in the Cochrane Library

Searched 30 November 2010, 26 April 2012 and 4 April 2013

#1 MeSH descriptor Nutrition Disorders, this term only

#2 MeSH descriptor Child Nutrition Disorders, this term only

#3 MeSH descriptor Infant Nutrition Disorders, this term only

#4 MeSH descriptor Protein-Energy Malnutrition, this term only

#5 MeSH descriptor Wasting Syndrome, this term only

#6 MeSH descriptor Emaciation, this term only

#7 undernutrition or under-nutrition

#8 undernourish* or under-nourish*

#9 malnutrition or mal-nutrition

#10 malnourish* or mal-nourish*

#11 nutrition* NEXT defic*

#12 marasmus

#13 kwashiorkor

#14 emaciat*

#15 wasted or wasting

#16 stunted or stunting

#17 MeSH descriptor Malnutrition, this term only

#18 MeSH descriptor Deficiency Diseases, this term only

#19 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16

OR #17 OR #18)

#20 MeSH descriptor Food, Formulated, this term only

#21 MeSH descriptor Dietary Supplements explode all trees

#22 therapeutic Near/3 (food* or diet*)
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#23 enrich* Near/3 (food* or diet*)

#24 fortifi* Near/3 (food* or diet*)

#25 supplement* Near/3 (food* or diet*)

#26 ready Near/3 food*

#27 RUTF

#28 RTUF

#29 ready-to-use food

#30 MeSH descriptor Food, Fortified, this term only

#31 (#20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #29 OR #30)

#32 baby or babies or infant* or child* or boy* or girl* or toddler* or preschool* or pre-school* or kindergarten*

#33 (#19 AND #31 AND #32)

MEDLINE Ovid

Searched 30 November 2010, 26 April 2012 and 4 April 2013

1 nutrition disorders/

2 malnutrition/

3 exp protein-energy malnutrition/

4 wasting syndrome/

5 Emaciation/

6 infant nutrition disorders/

7 child nutrition disorders/

8 deficiency diseases/

9 (undernutrition or under-nutrition).tw.

10 (undernourish$ or under-nourish$).tw.

11 (malnutrition or mal-nutrition).tw.

12 (malnourish$ or mal-nourish$).tw.

13 (nutrition$ adj defic$).tw.

14 marasmus$.tw.

15 kwashiorkor.tw.

16 emaciat$.tw.

17 (wasted or wasting).tw.

18 (stunted or stunting).tw.

19 or/1-18

20 Food, Fortified/

21 Food, Formulated/

22 exp Dietary Supplements/

23 (therapeutic adj3 (food$ or diet$)).tw.

24 (enrich$ adj3 (food$ or diet$)).tw.

25 (fortifi$ adj3 (food$ or diet$)).tw.

26 (supplement$ adj3 (food$ or diet$)).tw.

27 (ready adj3 food$).tw.

28 (RUTF or RTUF).tw.

29 or/20-28

30 19 and 29

31 Infant/

32 exp Child/

33 (baby or babies or infant$ or child$ or boy$ or girl$ or toddler$ or preschool$ or pre-school$ or kindergarten$).tw.

34 31 or 32 or 33

35 30 and 34

36 randomized controlled trial.pt.

37 controlled clinical trial.pt.

38 randomi#ed.ab.
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39 placebo$.ab.

40 drug therapy.fs.

41 randomly.ab.

42 trial.ab.

43 groups.ab.

44 or/36-43

45 exp animals/ not humans.sh.

46 44 not 45

47 35 and 46

Embase Ovid

Searched 30 November 2010, 24 April 2012 and 4 April 2013

1 nutritional deficiency/

2 nutritional disorder/

3 protein calorie malnutrition/

4 malnutrition/

5 wasting syndrome/

6 weight reduction/

7 (undernutrition or under-nutrition).tw.

8 (undernourish$ or under-nourish$).tw.

9 (malnutrition or mal-nutrition).tw.

10 (malnourish$ or mal-nourish$).tw.

11 (nutrition$ adj defic$).tw.

12 emaciat$.tw.

13 (wasted or wasting).tw.

14 (stunted or stunting).tw.

15 kwashiorkor/

16 kwas?io?kor.tw.

17 marasmus/

18 marasmus$.tw.

19 or/1-18

20 diet supplementation/

21 “ready to use therapeutic food”/

22 (therapeutic adj3 (food$ or diet$)).tw.

23 (fortifi$ adj3 (food$ or diet$)).tw.

24 (enrich$ adj3 (food$ or diet$)).tw.

25 (supplement$ adj3 (food$ or diet$)).tw.

26 (ready adj3 food$).tw.

27 (RUTF or RTUF).tw.

28 or/20-27

29 infant/

30 exp child/

31 (baby or babies or infant$ or child$ or boy$ or girl$ or toddler$ or preschool$ or pre-school$ or kindergarten$).tw.

32 29 or 30 or 31

33 Clinical trial/

34 Randomized controlled trial/

35 Randomization/

36 Single blind procedure/

37 Double blind procedure/

38 Crossover procedure/

39 Placebo/

40 Randomi#ed.tw.
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41 RCT.tw.

42 (random$ adj3 (allocat$ or assign$)).tw.

43 randomly.ab.

44 groups.ab.

45 trial.ab.

46 ((singl$ or doubl$ or trebl$ or tripl$) adj3 (blind$ or mask$)).tw.

47 Placebo$.tw.

48 Prospective study/

49 (crossover or cross-over).tw.

50 prospective.tw.

51 or/33-50

52 19 and 28 and 32 and 51

MEDLINE In-Process and Other Non-Indexed Citations Ovid

Searched 24 April 2012 and 4 April 2013

1 (undernutrition or under-nutrition).tw.

2 (undernourish$ or under-nourish$).tw.

3 (malnutrition or mal-nutrition).tw.

4 (malnourish$ or mal-nourish$).tw.

5 (nutrition$ adj defic$).tw.

6 marasmus$.tw.

7 kwashiorkor.tw.

8 emaciat$.tw.

9 (wasted or wasting).tw.

10 (stunted or stunting).tw.

11 or/1-10

12 (therapeutic adj3 (food$ or diet$)).tw.

13 (enrich$ adj3 (food$ or diet$)).tw.

14 (fortifi$ adj3 (food$ or diet$)).tw.

15 (supplement$ adj3 (food$ or diet$)).tw.

16 (ready adj3 food$).tw.

17 (RUTF or RTUF).tw.

18 or/12-17

19 (baby or babies or infant$ or child$ or boy$ or girl$ or toddler$ or preschool$ or pre-school$ or kindergarten$).tw.

20 11 and 18 and 19

CINAHL EBSCOhost (Cumulative Index to Nursing and Allied Health Literature)

Searched 1 December 2010, 26 April 2012 and 8 April 2013

S33 S18 and S27 and S32

S32 S28 or S29 or S30 or S31

S31 TI(baby or babies or infant* or child* or boy* or girl* or toddler* or preschool* or pre-school* or kindergarten* )

S30 AB(baby or babies or infant* or child* or boy* or girl* or toddler* or preschool* or pre-school* or kindergarten* )

S29 AG Infant: 1-23 months

S28 AG child,preschool

S27 (S19 or S20 or S21 or S22 or S23 or S24 or S25 or S26)

S26 RUTF or RTUF

S25 ready N3 food*

S24 (supplement* N3 food*) or (supplement* N3 diet*)

S23 (fortifi* N3 food*) or (fortifi* N3 diet*)

S22 (therapeutic N3 food*) or (therapeutic N3 diet*)

S21 (enrich N3 food*) or (enrich N3 diet*)
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S20 (MH “Dietary Supplements”)

S19 (MH “Food, Fortified”)

S18 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12 or S13 or S14 or S15 or S16 or S17

S17 (stunted or stunting)

S16 (wasted or wasting)

S15 emaciat*

S14 kwashiorkor*

S13 marasmus*

S12 (malnourish* or mal-nourish*)

S11 (nutrition defic*)

S10 (malnutrition or mal-nutrition)

S9 (undernourish* or under-nourish*)

S8 (undernutrition or under-nutrition)

S7 (MH “Kwashiorkor”)

S6 (MH “Deficiency Diseases”)

S5 (MH “Protein-Energy Malnutrition”)

S4 (MH “Protein Deficiency”)

S3 (MH “Infant Nutrition Disorders”)

S2 (MH “Child Nutrition Disorders”)

S1 (MH “Nutrition Disorders”)

African Index Medicus (indexmedicus.afro.who.int/)

Searched 26 April 2012 and 8 April 2013

Search on : “INFANT NUTRITION DISORDERS” or “CHILD NUTRITION DISORDERS” or “MALNUTRITION” or “EMA-

CIATION” or “KWASHIORKOR” or “MARASMUS” or wasting or wasted or stunting or stunted or emaciat$ [Key Word] and

“CHILD” or “infant” or baby or babies or bebe$ or enfant$ or preschool$ [Key Word]

LILACS (Latin American and Caribbean Health Science Information database; lilacs.bvsalud.org/en/)

Searched 26 April 2012 and 8 April 2013

(Mh “malnutrition” or Mh “wasting syndrome” or Mh“protein-energy malnutrition” or Mh“Emaciation” or Mh“ infant nutrition

disorders” or Mh “ child nutrition disorders” or Mh“deficiency diseases” orTw kwashiorkor or Tw marasmus or Tw emaciat$ or Tw

wasting or Tw wasted or Tw stunting or Tw stunted ) [Words] and (Tw child$ or Tw baby or Tw babies or Tw infan$ or Tw enfant$ or

Tw bebe$ or Mh “child, PRESCHOOL” or Mh “INFANT”) [Words] and ((Pt randomized controlled trial OR Pt controlled clinical

trial OR Mh randomized controlled trials OR Mh random allocation OR Mhdouble-blind method OR Mh single-blind method)

AND NOT (Ct animal AND NOT (Ct human and Ct animal)) OR (Pt clinical trial OR Ex E05.318.760.535$ OR (Tw clin$ AND

(Tw trial$ OR Tw ensa$ OR Tw estud$ OR Tw experim$ OR Tw investiga$)) OR ((Tw singl$ OR Tw simple$ OR Tw doubl$ OR Tw

doble$ OR Tw duplo$ OR Tw trebl$ OR Tw trip$) AND (Tw blind$ OR Tw cego$ OR Tw ciego$ OR Tw mask$ OR Tw mascar$))

OR Mh placebos OR Tw placebo$ OR (Tw random$ OR Tw randon$ OR Tw casual$ OR Tw acaso$ OR Tw azar OR Tw aleator$)

OR Mh research design) AND NOT (Ct animal AND NOT (Ct human and Ct animal)) OR (Ct comparative study OR Ex E05.337$

OR Mh follow-up studies OR Mh prospective studies OR Tw control$ OR Tw prospectiv$ OR Tw volunt$ OR Tw volunteer$) AND

NOT (Ct animal AND NOT (Ct human and Ct animal))) [Words]

Science Citation Index Web of Science

Searched 4 April 2013 (1970 onwards)

#21 #20 AND #19 DocType=All document types; Language=All languages;

#20TS=(infant* or child* or preschool* or pre-school or toddler* or kindergarten* or boy* or girl*) DocType=All document types;

Language=All languages;

#19#18 AND #17 DocType=All document types; Language=All languages;

#18#16 OR #15 OR #14 OR #13 OR #12 OR #11 OR #10 OR #9 OR #8 OR #7 DocType=All document types; Language=All

languages;
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#17#6 OR #5 OR #4 OR #3 OR #2 OR #1 DocType=All document types; Language=All languages;

#16TS= (“protein deficien*”) DocType=All document types; Language=All languages;

#15TS=(“ nutrition defic*”) DocType=All document types; Language=All languages;

#14TS=(“nutrition disorder*”) DocType=All document types; Language=All languages;

#13TS=((emaciat*)) DocType=All document types; Language=All languages;

#12TS=((stunted or stunting)) DocType=All document types; Language=All languages;

#11TS=((wasted or wasting)) DocType=All document types; Language=All languages;

#10TS=((kwashiorkor*)) DocType=All document types; Language=All languages;

#9TS=((marasmus*)) DocType=All document types; Language=All languages;

#8TS=(malnutrition or undernutrition) DocType=All document types; Language=All languages;

#7TS=(malnourish* or undernourish*) DocType=All document types; Language=All languages;

#6TS=(“ready to use” near/3 food) DocType=All document types; Language=All languages;

#5TS=((therapeutic* near/3 (food* or diet*))) DocType=All document types; Language=All languages;

#4TS=((supplement* near/3 (food* or diet*))) DocType=All document types; Language=All languages;

#3Ts=((fortifi* NEAR/3 (food* or diet*))) DocType=All document types; Language=All languages;

#2TS=((enrich* NEAR/3 (food* or diet*))) DocType=All document types; Language=All languages;

#1TS=(RUTF or RTUF) DocType=All document types; Language=All languages;

ZETOC (zetoc.jisc.ac.uk/)

Searched 26 April 2012 and 8 April 2013

Limited to Conference search using:

RUTF

RTUF

“therapeutic food”

“ready to use food”

WHO ICTRP (apps.who.int/trialsearch/)

Searched 12 May 2010, 26 April 2012 and 8 April 2013

RUTF OR RTUF OR therapeutic food OR ready to use food

meta-Register of Current Controlled Trials (mRCT; www.isrctn.com/page/mrct)

Searched 5 December 2010, 26 April 2012 and 8 April 2013

RUTF or RTUF or “therapeutic food” or “ready to use food”

Clinicaltrials.gov (clinicaltrials.gov/)

Searched 5 December 2010, 26 April 2012 and 8 April 2013

RUTF OR therapeutic food OR ready to use food
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Appendix 4. Assessment of risk of bias in included RCTs

For more information on the domains and the criteria described below, please see the Cochrane Handbook of Systematic Reviews of
Interventions (Higgins 2017).

Domain 1: sequence generation

Adequate: investigators described a random component in the sequence generation process such as those listed below.

1. Random number table

2. Coin tossing

3. Throwing dice

4. Shuffling cards or envelopes

Inadequate: investigators described a non-random component in the sequence generation process such as those listed below.

1. Odd or even date of birth

2. Day or date of admission

3. Hospital or clinic record number

4. Preference of the participant

5. Results of a laboratory test or series of tests

Unclear: there was insufficient information to permit a judgement of the adequacy in which sequence generation was performed.

Domain 2: allocation concealment

Adequate: neither participants nor investigators enrolling participants could foresee assignment due to the following.

1. Central allocation (e.g. via the telephone or pharmacy-controlled)

2. Sequentially numbered drug containers of a matching appearance

3. Sequentially numbered, opaque and sealed envelopes

Inadequate: both participants and investigators enrolling participants could foresee upcoming assignment based on, for example, the

following.

1. Using an open random allocation schedule

2. Assigned envelopes that were unsealed, non-opaque or not numbered appropriately

3. Date of birth

4. Case record number

Unclear: there was insufficient information to permit a judgement of the adequacy of allocation concealment in the sequence generation

process.

Domain 3: blinding

We assessed both performance and detection bias. Performance bias refers to systematic differences between groups in the care that is

provided, or in exposure to factors other than the interventions of interest; while detection bias refers to systematic differences between

groups in how outcomes are determined.

Adequate: when any one of the following was applicable.

1. No blinding, but review authors judged that the outcome was not influenced by a lack of blinding

2. Blinding of both key study personnel and participants was ensured, and it was unlikely that blinding was broken

3. Either participants or some key study personnel were not blinded, but the outcome measurement was blinded and the non-

blinding of others was not likely to introduce bias

Inadequate: when any one of the following was applicable.

1. No blinding or incomplete blinding

2. Blinding of both key study personnel and participants was attempted, but it was likely that the blinding was broken

3. Either key study personnel or participants were not blinded, which was likely to introduce bias

Unclear: there was insufficient information to permit judgement, or the study did not address this outcome at all.

217Ready-to-use therapeutic food (RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in children from six

months to five years of age (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Domain 4: incomplete outcome data

Adequate: when any one of the following was applicable.

1. No missing outcome data

2. Reasons for missing outcome data were unlikely to be related to the true outcome

3. Missing outcome data were balanced in numbers across intervention groups

4. Missing data were imputed using appropriate methods

5. For dichotomous data, the proportion of missing outcomes compared with the observed event risk was not enough to have a

clinically relevant impact on the intervention effect estimate

6. For continuous data, the plausible effect size among missing outcomes was not enough to have a clinically relevant impact on the

observed effect size

Inadequate: when any one of the following was applicable.

1. Reasons for missing outcome data were likely to be related to the true outcome

2. Application of simple imputation was potentially inappropriate

3. An ’as-treated’ analysis was done with substantial departure of the intervention received from that assigned at randomisation

4. For dichotomous data, the proportion of missing outcomes compared with the observed event risk was enough to introduce

clinically relevant bias in the intervention effect estimate

5. For dichotomous outcome data, the plausible effect size among missing outcomes was enough to induce clinically relevant bias

in the observed effect size

Unclear: there was insufficient reporting of exclusions to permit judgement, or the study did not address this outcome at all.

Domain 5: selective outcome reporting

Adequate: when any one of the following was applicable.

1. Study protocol was available and all of the prespecified outcomes were addressed in the review in the prespecified way

2. Study protocol was not available, but it was clear that the published reports included all prespecified and expected outcomes

Inadequate: when any one of the following was applicable.

1. Not all of the prespecified primary outcomes were reported

2. One or more of the primary outcomes was reported using measurements of analysis methods that were not prespecified

3. One or more reported primary outcomes were not prespecified

4. One or more outcomes of interest in the review were reported incompletely so they could not be entered in a meta-analysis

5. Study report failed to include results for a key outcome that was expected to be reported for such a study

Unclear: there was insufficient information to permit judgement of compliance.

Domain 6: other potential threats to validity

Adequate: the study seemed to be free of other sources of bias.

Inadequate: there was the possibility of at least one important risk of bias such as the following.

1. Quality of the specific study design was in question

2. Study was stopped early due to some data-dependent process

3. Claimed that the study was fraudulent

Unclear: there may have been a risk of bias, but either of the following applied.

1. Insufficient information to assess whether an important risk of bias existed

2. Insufficient rationale or evidence that an identified problem introduced bias
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Appendix 5. Additional assessment of risk of bias in included cluster-randomised trials

Domain 1: recruitment bias

Recruitment bias can occur when individuals are recruited to the study after the clusters have been allocated (Higgins 2011). The types

of participants recruited can be influenced by the knowledge of whether the specific cluster is an intervention or a control cluster.

1. Adequate: no participants were recruited after randomisation

2. Inadequate: additional participants were recruited after randomisation

3. Unclear: the timing of recruitment of all participants was not reported

Domain 2: baseline imbalance

Cluster-randomised trials often allocate all clusters at once and therefore a lack of allocation concealment should not usually be a

problem (Higgins 2011). However, when there is only a small number of clusters, there is a possibility of chance baseline imbalances

between the randomised groups. This may affect either the clusters or the individuals.

1. Adequate: the baseline comparability of clusters was sufficient, or statistical adjustment for baseline characteristics had occurred

(Higgins 2011)

2. Inadequate: there were significant differences between clusters and no statistical adjustments for baseline characteristics were

made accordingly

3. Unclear: baseline characteristics were not reported, or it was not clear whether the differences between the clusters were significant

Domain 3: loss of clusters

It is possible that complete clusters may be lost from a study, and have to be omitted from the analysis (Higgins 2011). In the same way

as for missing outcome data in individually randomised trials, this may lead to bias in cluster-randomised trials. In addition, missing

outcomes for individuals within clusters may also lead to a risk of bias in cluster-randomised trials.

1. Adequate: there were no missing data, or the missing data were addressed in the correct manner

2. Inadequate: there were missing data and they were dealt with in a way that could have introduced bias

3. Unclear: missing data (either complete clusters or individuals within clusters) were not reported, or it was unclear whether the

authors of the primary study had dealt with the missing data adequately (e.g. acceptable statistical adjustments)

Domain 4: incorrect analysis

Sometimes cluster-randomised trials are analysed by incorrect statistical methods that do not adjusting for clustering (Higgins 2011).

Such analyses do not lead to biased estimates of effect but will get undue weight in a meta-analysis leading to overprecision of the effect

estimate. Review authors can estimate an intra-cluster correlation coefficient (ICC) for such a study, and apply the design effect to the

number of events and participants for dichotomous outcomes and to the number of participants for continuous outcomes.

1. Adequate: the study authors appropriately adjusted for clustering

2. Inadequate: the study authors did not adjust for clustering and there was too little information (e.g. number of clusters) available

for the review authors to calculate and apply an estimated design effect

3. Unclear: the review authors applied the estimated design effect but it was unclear whether the imputed ICC and thus the design

effect was close to the truth

Domain 5: comparability with individually randomised trials

In a meta-analysis of both cluster- and individually randomised trials, or with cluster-randomised trials with different types of clusters,

it is important to consider potential differences between intervention effects (Higgins 2011).

1. Adequate: the effect estimates of cluster-randomised trials were similar to those of parallel-group randomised controlled trials

(RCTs)

2. Inadequate: there was a clear distinction between the effect estimates from cluster-randomised trials compared to parallel-group

RCTs

3. Unclear: there seemed to be a distinction between the effect estimates from cluster-randomised trials compared to parallel-group

RCTs, but it was likely that there was another explanation for the difference, other than just the difference in study design
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F E E D B A C K

Controversial sentence in Conclusion section, 3 March 2017

Summary

On 3 March 2017, Professor Paul Garner (UK) submitted the following criticism to Cochrane publishers Wiley-Blackwell:

“In the abstract, the authors state: Given the limited evidence base currently available, it is not possible to reach definitive conclusions regarding
differences in clinical outcomes in children with severe acute malnutrition who were given home-based ready-to-use therapeutic food (RUTF)
compared to the standard diet, or who were treated with RUTF in different daily amounts or formulations. They then conclude: For this
reason, either RUTF or flour porridge can be used to treat children at home depending on availability, affordability and practicality. However,
it is not possible to reach this conclusion BASED ON THE EVIDENCE. So the evidence does not say this. The evidence says, we don’t know
which is best.”

Do you have any affiliation with or involvement in any organisation with a financial interest in the subject matter of your

comment?

“I run the RPC that helped fund this review.”

Reply

On 28 March 2017, the review author team responded as follows:

“Thanks for the comment. We meant that, in light of the poor quality of evidence for the effectiveness of RUTF, the decision about what home-
based intervention to use could be based on factors such as what is available, affordable and practical in specific settings and contexts.
We accept that the sentence could be incorrectly interpreted to mean that there is no difference between RUTF and flour porridge and have
therefore deleted the sentence from the abstract, the plain language summary and from the conclusion. We have also begun the process of
updating this review to incorporate new evidence.”

Contributors

Paul Garner, Coordinating Editor, Cochrane Infectious Diseases Group, Liverpool, UK

Email: paul.garner@lstmed.ac.uk

˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙

Anel Schoonees, Researcher, Centre for Evidence-based Health Care, Stellenbosch University, South Africa

Email: anelschoonees@sun.ac.za

(On behalf of the author team: Anel Schoonees, Martani Lombard, Alfred Musekiwa, Etienne Nel and Jimmy Volmink)

W H A T ’ S N E W

Date Event Description

9 October 2018 New citation required and conclusions have changed 11 new studies included in review. The review now has

15 included studies with 7976 children

9 October 2018 New search has been performed Updated following searches in June 2017 and October

2018
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H I S T O R Y

Protocol first published: Issue 2, 2011

Review first published: Issue 6, 2013

Date Event Description

28 March 2017 Amended A sentence that may have led to controversy has been removed from the concluding parts of the

abstract, plain language summary and implications for practice sections

C O N T R I B U T I O N S O F A U T H O R S

Anel Schoonees (AS) initiated and developed the idea. AS and Jimmy Volmink (JV) wrote the protocol, Schoonees 2011, with input

from Martani Lombard (ML) and Etienne Nel (EN). AS, Alfred Musekiwa (AM) and ML screened the 2017 and 2018 search outputs

for eligibility and gave reasons for exclusion; the earlier search results were screened by AS and ML. AS, AM, ML and Marianne

Visser extracted data. EN, AM and AS extracted economic data. AS and ML assessed risk of bias for the included studies; JV resolved

disagreements. AS and ML graded the quality of the evidence using the GRADE approach. AM, AS and ML conducted the analyses

and wrote the Results section with input from JV. AS and EN wrote the Discussion and Conclusion sections, with input from ML, JV

and AM. EN wrote the economic commentary. EN, ML and AS put together the TIDieR tables. All review authors provided input in

the final draft of this systematic review. AS is the guarantor for the review.

D E C L A R A T I O N S O F I N T E R E S T

Anel Schoonees - none known

Martani Lombard - none known

Alfred Musekiwa - none known

Etienne Nel has received honoraria from the following organisations in 2018 for lectures given:

• AbbVie. Topic: Crohn’s Disease in Children

• Nestle Nutrition Institute in Africa. Topic: Human Milk Oligosaccharides

• Cipla. Topic: Constipation in Children

Jimmy Volmink - none known
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S O U R C E S O F S U P P O R T

Internal sources

• Effective Health Care Research Consortium, UK.

Anel Schoonees has been partly supported by the Effective Health Care Research Consortium. This Consortium

is funded by UK aid from the UK Government for the benefit of developing countries (Grant: 5242). The views expressed in this

publication do not necessarily reflect UK Government policy.

• Research, Evidence and Development Initiative (READ-It), UK.

Anel Schoonees is partly supported by the Research, Evidence and Development Initiative (READ-It) project. READ-It (project

number 300342-104) is funded by UK aid from the UK Government; however, the views expressed do not necessarily reflect the UK

Government’s official policies.

External sources

• None, Other.

D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

The protocol for this review was published in the February 2011 issue of the Cochrane Library with the title ’Ready-to-use therapeutic

food for treating undernutrition in children from 6 months to 5 years of age’ (Schoonees 2011). The objectives were “to assess the

effects of RUTF [ready-to-use therapeutic food] on health outcomes such as recovery rate, relapse during the intervention period,

anthropometrical status, weight gain and mortality in children with moderate or severe undernutrition” (quote). Therefore, we originally

planned to include children with both moderate acute malnutrition (MAM) and severe acute malnutrition (SAM), and include RUTF

treatment in facilities and at home. In June 2012, the first review author (AS) presented the draft findings of this review at the South

African Cochrane Centre’s monthly Cochrane Busting Session, which was attended by national and international researchers doing

work on priority topics in low- and middle-income countries, including Cochrane Reviews. At this meeting, questions about the scope

of our RUTF review were raised. RUTF was originally developed as a home-based alternative to the more expensive facility-based

treatment of children with SAM. Points raised included the following.

1. In rural areas, where people reside far from healthcare facilities, home-based treatment is more practical.

2. From a health system’s perspective, it is important to know whether the cheaper RUTF regimen (RUTF as a supplement rather

than RUTF meeting daily nutritional requirements) and formulation (reduced milk powder content) can achieve similar or better

health outcomes.

3. From a nutritional perspective, it is important that the children’s caregivers sustain and improve culture-specific dietary habits

instead of relying solely on provided medical nutritional therapy.

After further discussion, including with additional stakeholders, we decided to change the scope of our RUTF review to include only

home-based RUTF treatment, and to focus only on children with SAM. We assessed the treatment effects of home-based RUTF

compared to the standard diet in children with SAM, and also investigated whether a cheaper RUTF treatment (in smaller amounts

or using a cheaper recipe) could achieve similar health outcomes than conventional RUTF. Thus, our review did not overlap with the

Cochrane Review by Lazzerini et al, which evaluated the “safety and effectiveness of different types of foods for children with moderate

acute malnutrition (MAM) in low- and middle-income countries” (Lazzerini 2012; Lazzerini 2013).

Apart from changing the intended scope of the review, we also made the following small amendments to the Types of outcome measures

section, when conducting the first full version of this review (Schoonees 2013).

1. We changed the first primary outcome, from “recovery rate as defined by the study authors” to “recovery as defined by the study

authors”, as this is a more inclusive outcome; none of the included studies reported recovery as a rate. In future, should studies

provide results for ’recovery rate’, we will include them in our review.
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2. We added the words “and beyond” to the outcome of “deterioration or relapse during the intervention period as defined by study

authors”, so that it read as “deterioration or relapse during and beyond the intervention period as defined by the study authors”. We

did this because felt that relapse at follow-up was important, as it is an indication of whether the intervention has a longer-term effect.

3. We added “time to recovery (duration of rehabilitation)” as a second secondary outcome, as this is useful from both a cost and

clinical perspective.

Differences between protocol, review and this update

In 2017, when we started to update the 2013 review (Schoonees 2013), we made the following small changes.

1. Title.

i) We refined the title by changing “home-based treatment” to “home-based nutritional rehabilitation” of RUTF. We wanted

to make it clear to the reader from the outset that we are not focusing on the ’stabilisation’ phase of treatment, which usually requires

hospitalisation.

2. Objectives

i) We kept the comparisons the same, but changed the order for Comparisons 2 and 3 around, so that the experimental group

in all comparisons are standard RUTF. We feel, in this way, it is easier for the reader to follow.

3. Types of participants

i) We added another decision rule to our criteria: where a potentially eligible study randomised participants that were not all

eligible to our review (e.g. included MAM children or children outside of our prespecified age range), we included the study if 50% or

more of the participants met our review criteria, and we were able to obtain the separate results for our eligible subgroup.

4. Types of interventions

i) We updated our wording in terms of the types of experimental and control interventions. In our previous review all three

included studies for Comparison 1 had the same control group and there was only one study that addressed Comparison 3. We had to

change our wording to accommodate other eligible studies that used different control groups.

ii) We replaced the phrase “as defined by authors” (quote) in relation to the experimental RUTF with “meeting the WHO

recommendations for nutritional composition” (quote).

iii) We added another decision rule to our criteria: where children were stabilised in hospital pre-trial and started rehabilitation

as inpatients, we included the study as long as the majority (≥ 50%) of the trial’s intervention period occurred at home.

5. Types of outcome measures

i) We added acceptability as secondary outcome, as standard RUTF may not be acceptable across cultures and settings.

ii) We added time points to all outcomes, since, for example, for time to recovery and rate of weight gain (g/kg/day), it only

makes sense to measure this during the intervention period.

6. Electronic searches

i) We added Epistemonikos to the list of databases in order to identify other relevant systematic reviews.

ii) The Information Specialist of Cochrane Developmental, Psychosocial and Learning Problems added the MeSH term ’food

formulated’ to increase the sensitivity of search strategy.

iii) We developed a separate search strategy to find cost-effectiveness studies, and searched NHS Economic Evaluation

Database and EconLit in addition to MEDLINE and Embase.

iv) We added an economic commentary in the Discussion section, as this information may be useful to policymakers.

7. Assessment of risk of bias in included studies

i) In our protocol, Schoonees 2011, and 2013 review, Schoonees 2013, we did not prespecify which domains we considered

when assessing the overall risk of bias per included trial. For this review update, we made this decision by looking overall at the

domains addressing selection bias, attrition bias (specifically large or differential attrition between groups) and ’other bias’.

8. Subgroup analysis and investigation of heterogeneity

i) We added the following subgroup analyses listed below. In our previous review (Schoonees 2013), all three included studies

for Comparison 1 had the same control group and there was only one study that addressed Comparison 3. We had to update our

subgroups to address important difference between studies:

a) pre-trial hospital stabilisation versus no pre-trial hospitalisation; and

b) commercial (i.e. factory) versus non-commercially produced (i.e. institution kitchen) RUTF.

ii) We were unable to conduct the following subgroup analysis because of the manner in which the data were reported: Age of

children: 6 to 12 months, as this is the ideal period to start weaning from a milk-based diet; 13 months to 5 years, as these children

consume a mixed diet (mostly not breast milk although the child may still be taking some).
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9. Sensitivity analysis

i) Instead of using allocation concealment as a marker of study quality, we used overall low risk of bias, as we felt that other

aspects of methodological quality were equally important. This is in line with criteria 12 of the AMSTAR 2 tool (Shea 2017).

10. Excluded studies

i) We previously excluded Dube 2009 in our 2013 review (Schoonees 2013), because the “Outcome [was] not applicable (an

acceptability trial)”. We reconsidered this trial’s eligibility for this update, as it now includes acceptability as an outcome. The study

remains excluded because participants, as per Figure 1 in the article, were moderately malnourished and thus the study does not meet

our inclusion criteria (Criteria for considering studies for this review).

I N D E X T E R M S

Medical Subject Headings (MeSH)

∗Fast Foods; Acute Disease; Malawi; Malnutrition [∗diet therapy; mortality]; Publication Bias; Randomized Controlled Trials as Topic;

Recurrence

MeSH check words

Child, Preschool; Humans; Infant
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