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Summary
Background Globally, some 45 million children under five years of age are wasted (low weight-for-height). Although
2023 World Health Organisation guidelines on their care did not aim to identify optimal weight gain, they did
mention 5–10 g/kg/day as a target, which is a change from prior guidelines that recommended 10–15 g/kg/day,
when inpatient-only care was the norm. We aimed to inform future policy/programming on weight gain targets.

Methods For this systematic review and meta-analysis, we searched Embase, Global Health and Medline. The final
search was on 23/02/2024. Papers were included if they reported weight gain of children aged 6–59 months with
severe malnutrition during inpatient (facility-based), outpatient (home-based), and hybrid treatment (initially
inpatient and progressing to outpatient treatment). Summary data were extracted, and quality was assessed using
a NICE Quality Appraisal Checklist. Our primary outcome was mean rate of weight gain (g/kg/day) during
treatment. We conducted random-effects meta-analysis to describe pooled mean weight gain by programme type.
Meta-regression investigated potential associations of weight gain with length of stay and programme outcomes.
We registered the study on PROSPERO (CRD42023266472).

Findings Our search yielded 3173 papers. We reviewed 321 full texts, identifying 126 eligible papers. Of these, 104
papers, including some 240,650 participants, reported weight gain as g/kg/day and were eligible for meta-analysis.
Mean rate of weight gain was 8.8 g/kg/day (95% CI: 7.6, 9.9; I2 = 97.8%) across 18 inpatient programmes, 3.4 g/
kg/day (95% CI: 2.0, 4.7; I2 = 99.4%) across 12 hybrid programmes, and 3.9 g/kg/day (95% CI: 3.4, 4.4;
I2 = 99.7%) across 60 outpatient programmes. We found inconsistent evidence of an association between slower
weight gain and higher mortality: there was weak evidence of association after adjusting for programme type
(coefficient = −0.4; 95% CI: −0.7, −0.02; p = 0.04; n = 118 programmes). There was high heterogeneity between
studies. Details of weight gain calculation methods varied. We found no evidence for publication bias when
accounting for programme type (Egger’s test p-value = 0.2).

Interpretation Weight gain in outpatient programmes was markedly slower than in inpatient treatment. Clearer
reporting of weight gain and a better understanding of the sequelae of faster/slower recovery is important to set
future weight gain targets. Our results set an important baseline for current programmes to benchmark against.
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Research in context

Evidence before this study
Globally, 45 million children under five are wasted. Treatment
focus has shifted from inpatient care towards outpatient-
based programmes, particularly Community-based
Management of Acute Malnutrition (CMAM).
Before this study, we searched the literature for previous
studies reporting weight gain in children under five during
treatment for severe malnutrition. Weight recovery in
outpatient care was generally slower than prior inpatient-
based targets of 10–15 g/kg/day. There was some concern
that too slow a weight gain reflects poor recovery. Balancing
this was evidence that too rapid weight catch-up may be
associated with cardiometabolic risk later in life. We found
previous systematic reviews that considered weight gain of
children with severe malnutrition by treatment programme
type but only as one of many outcomes, and without meta-
analysis or with <5 studies in the meta-analysis.

Added value of this study
As our systematic review is the first to focus on weight gain
during treatment for severe childhood malnutrition by
programme type, we call attention to this important

consideration. Our findings indicate that average weight gain
in outpatient programmes is slower compared to inpatient
programmes, and that average outpatient weight gain is
below current World Health Organisation targets.
We found inconsistent evidence for a weak association
between weight gain and mortality, after adjusting for
programme type. Slow programme-level weight gain may be
a red flag for a high burden of more severely wasted or sick
children, or may reflect more adverse community conditions
or programmatic quality issues.

Implications of all the available evidence
While the treatment of severe childhood malnutrition is of
major public health importance, the optimal weight gain
remains unknown. Our novel meta-analysis focussing on
average weight gain by programme type forms an important
benchmark for evaluation of existing programmes.
Our findings, accompanied with previous research, highlight
the need for more evidence to identify optimal weight gain,
balancing the short-term and potential long-term effects.
Towards this, guidelines for the clear reporting of weight gain
and calculation methods would help improve consistency.
Introduction
Globally, in 2022, some 45 million children aged under
five years were wasted (low weight-for-height),1 a serious
form of malnutrition which accounts for 875,000 deaths
in children under five each year.2 Severe malnutrition is
“any form of malnutrition (undernutrition) associated
with high risk of severe adverse outcomes”.3 Severely
low weight-for-height, severely low mid-upper arm
circumference (MUAC) and/or oedematous malnutri-
tion (kwashiorkor) are known as types of “Severe Acute
Malnutrition” (SAM). Criteria defining SAM have
changed over time.4 Current recommendations are that
SAM in children aged 6–59 months is identified as
weight-for-height z-score (WHZ) <−3 of the World
Health Organisation (WHO) Child Growth Standards,
MUAC <115 mm, and/or bilateral oedema.4

Historically, children with SAM were treated in
inpatient facilities using a clinically-focused model of
care with specially-formulated therapeutic milks.4–6 Over
the last 20 years, this has shifted to a public health
model of “Community-Management of Acute Malnu-
trition” (CMAM) programmes, to improve coverage and
achieve low case-fatality rates.7 In CMAM, children with
uncomplicated SAM (i.e., with appetite and no medical
complications), which is usually >80%, are treated as
outpatients in the community using Ready-to-Use
Therapeutic Foods (RUTF).7,8 Children with compli-
cated SAM (i.e., poor appetite and/or medical compli-
cations) and those who failed to gain weight as
outpatients are treated as inpatients. Recent years have
also seen the rise of simplified and combined pro-
grammes, which respectively seek to simplify admission
criteria and treatment protocols, and integrate treatment
of severe and moderate wasting.

This review arises from observations by the study
team that rates of weight gain in outpatient-based
therapeutic feeding programmes, including outpatient
care in CMAM, are often markedly slower than in
traditional inpatient programmes. Guidelines from
1999 described a “usual” weight gain of 10–15 g/kg/day
(g/kg/day), with <5 g/kg/day triggering concern about
poor recovery and high mortality risk.6 The emphasis on
rapid recovery (quantified by weight gain) is contrasted
with more recent evidence suggesting that rapid post-
malnutrition weight gain is associated with adverse
long-term cardiometabolic risk in survivors.9–11 While
previous reviews have investigated weight gain by pro-
gramme type, this has been one of many outcomes and
used to compare interventions (e.g., diet types), with few
studies included. Picot et al. (2012) summarised weight
gain in different programme types without meta-anal-
ysis.12 The three studies they included gave conflicting
www.thelancet.com Vol 81 March, 2025
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results on whether weight gain was faster in inpatient or
outpatient programmes. Das et al. (2020) included a
meta-analysis of weight gain by programme type.13

However, only one study was included.
While previous Sphere standards for therapeutic

nutrition programmes included guidance on weight
gain targets, the latest editions do not.14,15 In 2023, WHO
released guidelines on the management of children with
wasting and oedematous malnutrition.16 They did not
set out to review evidence on optimal weight gain,
however, they remarked that “150–185 kcal/kg/day
should be provided as a starting quantity for a target
weight gain of 5–10 g/kg/d”. Sachdev and Kurpad
(2024), who critiqued WHO’s estimation of therapeutic
energy requirements, instead suggested estimating en-
ergy requirements based on “typical (average) weight
gain”.17

The aim of this systematic review and meta-analysis
is to inform policy and programme discussions on
optimal rate of weight gain in children being treated for
severe malnutrition. Specific objectives are to: describe
the rate of in-programme weight gain in different types
of treatment programmes (e.g., inpatient, outpatient,
hybrid); describe average length of stay (LOS) in
different types of treatment programmes and explore
any association with rate of weight gain; explore any
association between rate of weight gain and programme
outcomes (e.g., mortality, recovery); describe how
weight gain has been measured and reported by treat-
ment programmes.
Methods
Search strategy and selection criteria
We conducted systematic review and meta-analysis.
Studies that reported rate of in-programme weight
gain among children aged 6–59 months with severe
malnutrition during inpatient and/or outpatient treat-
ment with RUTF, therapeutic milk, or similar, were
eligible for inclusion. Severe malnutrition was defined
as WHZ <−3, MUAC <115 mm, or oedematous
malnutrition, but other definitions that were appro-
priate to the study context were accepted, e.g., weight-
for-height percentage of median <70%, MUAC
<110 mm, weight-for-age z-score <−3, protein-energy
malnutrition grade III. Programmes that met the
population inclusion criteria but included broader
populations were accepted (e.g., broader age range
and/or level of malnutrition). There were no re-
strictions on study design or publication date, to allow
consideration of many programme types. Preprints
were eligible, while unpublished and grey literature
(e.g., conference abstracts) were excluded, except for
Emergency Nutrition Network Field Exchange articles
which had relevant high-quality additions that would
otherwise have been missed. Non-English language
papers were excluded.
www.thelancet.com Vol 81 March, 2025
We searched three databases through Ovid: Embase
Classic + Embase (1947–2024), Global Health
(1910–2024), and Ovid MEDLINE(R) and Epub Ahead of
Print, In-Process, In-Data-Review & Other Non-Indexed
Citations and Daily (1946–2024). We ran the final search
on 23rd February 2024. Through citation searching of
eligible papers and keyword searching on literature da-
tabases, we identified some additional papers. Search
terms covered “malnutrition”, “undernutrition”,
“wasting”, “marasmus”, “kwashiorkor”, and “oedema-
tous malnutrition”, along with “treatment pro-
grammes”, “therapeutic feeding”, “supplementary
feeding”, “community-management of acute malnutri-
tion”, “community-based therapeutic care”, and “nutri-
tion rehabilitation unit”. The full search strategy is
provided in the Supplementary Materials. All references
identified were imported to Endnote X9 for deduplica-
tion and two-stage screening. Two investigators inde-
pendently screened the titles and abstracts. GOD, TNG,
KA, MA, MK, and A. Ki were involved in screening.
Papers were excluded if they reported data already
captured in another included paper. Papers that other-
wise met the inclusion criteria for the review but did not
report weight gain as grams per kilogram per time were
ineligible for meta-analysis.

Procedures
We extracted data using a standardised form. Summary
estimates of weight change in g/kg/time were extracted.
Where applicable, different arms from the same study
were considered to be separate programmes and re-
ported on separate rows in the data extraction table. Of
126 papers in this review, 104 were eligible for analysis,
contributing 168 programmes. We categorised pro-
grammes into ten subgroups: inpatient, hybrid, outpa-
tient, daycare, simplified, combined, simplified &
combined, supplementary feeding programmes (SFPs),
outpatient & SFPs, and inpatient & outpatient pro-
grammes (definitions in Supplementary Table S2).
Hybrid programmes comprised of children treated
firstly as inpatients and then as outpatients, while
“inpatient & outpatient programmes” reported across
inpatient and outpatient programmes without children
necessarily progressing from inpatient to outpatient
care.

The primary outcome was average in-programme
weight gain, recorded as mean/median weight gain in
g/kg/day or as otherwise expressed. In our meta-
analysis, we reported mean rate of weight gain in g/
kg/day with its 95% confidence interval (CI), excluding
programmes that only reported a median. The pre-
specified additional outcomes were average LOS in
programme; average weight gain and LOS in subgroups
(e.g., regional, oedematous vs non-oedematous, and all
discharged vs recovered only); post-discharge weight
gain; programme outcomes (i.e., percentage in-
programme mortality, recovery, default, and relapse);
3

http://www.thelancet.com


Articles

4

in-programme developmental outcomes; diarrhoea and
pneumonia, and other health outcomes. Study defini-
tions were used. Other information recorded were: (i)
study characteristics—first author’s surname, publica-
tion year, year and country of study, study design, study
duration, type of treatment programme, diet type, how
weight gain was reported (mean/median, units, period
used, sample of children used, i.e., all children or only
those who recovered), discharge criteria, in-programme
follow-up and completeness of follow-up, post-pro-
gramme follow-up; (ii) sample characteristics—sample
size, age and malnutrition criteria for inclusion in study
(and whether these matched our eligibility criteria
strictly), prevalence and treatment of oedematous
malnutrition; (iii) measure of uncertainty and sample
size associated with recorded outcomes (as above). If
unclear, we assumed weight gain and LOS were re-
ported as a mean and for all children in programme. If
sample size was unclear, we assumed based on other
information when reasonably possible. Where both se-
vere and moderate malnutrition was included, we
extracted results for the severely malnourished sub-
group where possible (otherwise we extracted the result
for the entire sample). GOD conducted data extraction
and quality appraisal. Data extraction and quality
appraisal were verified by TNG, MK, KA, LO, MA, KM,
and EW, meaning that all data was verified by two
authors.

Statistics
Since our study extracted descriptive variables rather
than associations, we adapted the NICE quality appraisal
checklist for quantitative studies reporting correlations
and associations, removing irrelevant questions.18 This
checklist comprised of five sections, including eight
questions. Questions related to the population, setting,
outcome measurement, analytical methods, and sum-
marising internal and external validity. No studies were
excluded based on quality.

Analyses were conducted using STATA (StataCorp.
2023. Release 18. College Station, TX: StataCorp LLC).
Meta-analysis investigated the rate of weight gain by
programme type (using the estimate for all children
preferentially and only those who recovered in the next
instance). For inclusion in meta-analysis, estimates had
to note uncertainty and sample size. If confidence in-
tervals were not provided, they were imputed from
standard deviations (SDs) or standard errors (SEs)
where possible. We conducted meta-analysis of sub-
groups, i.e., all discharged vs recovered only, and
regional subgroups. The same analyses were done for
LOS. Lastly, subgroup analysis of weight gain by
oedematous/non-oedematous malnutrition was con-
ducted. DerSimonian-Laird random-effect models are
reported in-text, with fixed-effect (common-effect
inverse-variance) models reported in Supplementary
Materials. We investigated heterogeneity between
studies using Cochran’s Q test and measured hetero-
geneity using the I2 and Tau2 statistics. We considered
heterogeneity to be high when I2 ≥ 75%.

We conducted unadjusted and adjusted random-
effects meta-regression, using the restricted maximum
likelihood method, to investigate potential associations
of weight gain with LOS and/or programme outcomes.
Adjusted models accounted for programme type and
then default. For analyses including programme out-
comes, we preferentially calculated the standard error
from confidence intervals, or else estimated the SE of
the proportion by √((p(1-p)/n)) (where p = proportion
and n = sample size). Proportions were calculated from
percentages and where the proportion was zero, we
assigned a very low value of 0.0001 to facilitate statistical
analysis. We conducted sensitivity analyses by:
excluding papers that did not strictly meet our popula-
tion inclusion criteria; including programmes that re-
ported medians (by imputing means from reported
medians using the quantile method proposed by Wan
et al. (2014) and imputing 95% CIs from inter-quartile
ranges using the method advised by Cochrane Hand-
book for Systematic Reviews of Interventions)19,20; and
restricting to one programme per paper. We also did a
sensitivity analysis comparing all children vs recovered
only, excluding programmes that had not explicitly
stated the population used. We investigated publication
bias by programme type due to differences between
programmes types, using the Egger’s test. Methods
were pre-specified in the protocol, registered on
PROSPERO (ID CRD42023266472). Reporting is in line
with PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) guidelines.21

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, writing of
the report, or decision to submit the paper for
publication.
Results
Our search yielded 3173 papers, of which 1139 were
duplicates (Fig. 1). We screened titles and abstracts for
the remaining 2034 papers and excluded 1709. This left
325 papers for full text screening; however, four texts
were unavailable. We conducted full text screening for
the remaining 321 papers and excluded 206 that were
ineligible, resulting in 115 papers being identified from
our search and screening, with a further 11 identified
through other searching, totalling 126 included papers.
Twenty-two (16.7%) were ineligible for analysis as they
did not report weight gain as g/kg/time (Supplementary
Table S3).22–43 Therefore, 104 papers were eligible for
analysis, contributing 168 programmes, with some
240,650 participants overall.44–8081–110111–147 Characteristics
of these papers are described in Supplementary
www.thelancet.com Vol 81 March, 2025
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Fig. 1: PRISMA diagram.
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Table S4. Of the 168 programmes, 32 were inpatient, 18
hybrid, 88 outpatient, 10 daycare, 10 inpatient &
outpatient, five simplified & combined, two outpatient &
SFP, one simplified, one combined, and one SFP. Most
studies (69.1%) were based in Africa while 30.4% were
in Asia, and 0.6% were from the Caribbean.

Overall mean weight gain was 4.8 g/kg/day (95%
CI: 4.5, 5.1; I2 = 99.8%) across 111 programmes. Fig. 2
shows that mean weight gain was slower in outpatient
programmes than inpatient programmes. Mean rate of
weight gain was 3.9 g/kg/day (95% CI: 3.4, 4.4;
www.thelancet.com Vol 81 March, 2025
I2 = 99.7%) in 60 outpatient programmes, and 8.8 g/
kg/day (95% CI: 7.6, 9.9; I2 = 97.8%) across 18 inpa-
tient programmes. Over three-quarters (76.5%) of
outpatient programmes (65/85) had a mean weight
gain <5 g/kg/day. Mean weight gain across 12 hybrid
programmes was 3.4 g/kg/day (95% CI: 2.0, 4.7;
I2 = 99.4%). The forest plot of mean weight gain by
programme type is available in Supplementary
Figure S1a. Only 10.1% programmes reported weight
gain ≥10 g/kg/day, i.e., 15 inpatient, one hybrid, and
one outpatient.
5
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Subgroup, DL (I2 = 99.7%, p < 0.000)
Liben
Isanaka
Kudan
Isanaka
Teshome
Grellety
Hussain
Yebyo
Hossain
Doocy
Doocy
Isanaka
Hussain
Akparibo
Tsegaye
Chanani
Ndzo
Grellety
Mokgatle
Kambale
Isanaka
Altmann
Stephenson
Kambale
Doocy
Doocy
Isanaka
Trehan
Hossain
Banda
Grellety
Stephenson
Altmann
Ali
Stephenson
Kim
Hendrixson
Bhandari
Kangas
Kangas
Trehan
Hendrixson
Hendrixson
Akram
Trehan
Bhandari
Ciliberto
Amthor
Bhandari
O'Brien
Hendrixson
Tadesse
O'Brien
Oakley
Oakley
Rachmadewi
Kim
Rachmadewi
Sigh
Sigh
Outpatient

Subgroup, DL (I2 = 99.4%, p < 0.000)
Aguayo
Grenov
Kerac
Kerac
Grenov
Ndekha
Ndekha
Ndekha
Sachdeva
Sachdeva
Aguayo
Sachdeva
Hybrid

Subgroup, DL (I2 = 97.8%, p < 0.000)
Diop
Khan
Biratu
Mason
Dubray
Dubray
Diop
Thakur
Singh
Taneja
Bharathi
Ashraf
Asafo-Agyei
Mezemir
Radhakrishna
Thakur
Ahmed
Asafo-Agyei
Inpatient

Programme

2019
2009
2023
2009
2019
2015
2021
2013
2020
2018
2018
2016
2021
2017
2022
2018
2018
2017
2015
2023
2017
2018
2022
2023
2018
2018
2016
2013
2020
2021
2017
2022
2018
2020
2022
2012
2022
2016
2019
2019
2013
2020
2022
2016
2013
2016
2006
2009
2016
2022
2020
2018
2022
2010
2010
2023
2012
2023
2018
2018

2015
2017
2009
2009
2017
2005
2005
2005
2014
2014
2015
2014

2003
2018
2023
1974
2008
2008
2003
2013
2016
2012
2016
2019
2013
2022
2010
2013
2014
2013

Year

286
2989

229
25754

172
1411

323
388
108
167
152

1199
326
488
284
163
254
671
114
193
115
783
875
191
139
113

1200
897
105
222
659
836
618
412
786

55
52

290
396
389
883
404

57
85

873
280
219
826
285
132
311
611
150
945
929

48
85
43
60
61

4598
142
399
396
138

20
28
45
40
40

1620
30

30
88

322
22

230
228

30
49

315
93

254
235
179
385

80
49

131
67

N

3.92 (3.41, 4.42)
10.50 (10.10, 10.90)
8.20 (7.93, 8.47)
7.54 (6.86, 8.22)
5.90 (5.84, 5.96)
5.40 (5.01, 5.79)
5.36 (5.20, 5.52)
5.30 (3.83, 6.77)
5.23 (4.98, 5.63)
5.20 (4.33, 6.07)
5.00 (4.39, 5.61)
5.00 (4.52, 5.48)
4.90 (4.68, 5.12)
4.80 (3.30, 6.30)
4.70 (4.50, 5.40)
4.70 (4.42, 4.98)
4.50 (3.10, 5.90)
4.40 (3.86, 4.94)
4.37 (4.23, 4.51)
4.35 (3.96, 4.74)
4.34 (4.09, 4.56)
4.20 (3.83, 4.57)
4.20 (3.81, 4.59)
4.10 (3.86, 4.34)
4.01 (3.37, 4.51)
4.00 (3.67, 4.33)
4.00 (3.26, 4.74)
4.00 (3.78, 4.22)
3.90 (3.49, 4.31)
3.90 (3.29, 4.51)
3.90 (3.24, 4.56)
3.84 (3.69, 3.99)
3.80 (3.54, 4.06)
3.80 (3.41, 4.19)
3.80 (3.54, 4.06)
3.70 (3.42, 3.98)
3.60 (2.15, 5.05)
3.60 (2.81, 4.39)
3.52 (3.07, 3.97)
3.40 (3.09, 3.71)
3.40 (3.09, 3.71)
3.40 (3.14, 3.66)
3.40 (3.14, 3.66)
3.30 (2.55, 4.05)
3.30 (2.54, 4.06)
3.10 (2.83, 3.37)
3.05 (2.65, 3.45)
2.80 (2.38, 3.22)
2.70 (2.45, 2.95)
2.64 (2.24, 3.04)
2.60 (2.31, 2.89)
2.50 (2.23, 2.77)
2.50 (2.20, 2.80)
2.50 (2.18, 2.82)
2.44 (2.26, 2.62)
1.94 (1.77, 2.11)
1.67 (1.62, 1.72)
1.60 (0.64, 2.56)
1.38 (1.32, 1.44)
1.08 (0.75, 1.41)
1.06 (0.72, 1.41)

3.36 (2.04, 4.68)
9.30 (8.87, 9.73)
4.20 (3.84, 4.56)
4.18 (3.79, 4.57)
4.14 (3.74, 4.54)
4.10 (3.73, 4.47)
3.20 (1.97, 4.43)
3.10 (2.03, 4.17)
2.40 (1.64, 3.16)
1.90 (1.13, 2.67)
1.70 (0.86, 2.54)
1.60 (1.50, 1.70)
0.40 (0.14, 0.66)

8.77 (7.63, 9.92)
15.60 (13.40, 17.80)
14.10 (13.01, 15.19)
10.70 (9.95, 11.45)
10.40 (8.83, 11.97)
10.20 (9.40, 11.00)
10.20 (9.70, 10.70)
10.10 (8.70, 11.40)
9.59 (8.64, 10.54)
9.33 (8.42, 10.24)
9.25 (8.05, 10.45)
8.09 (7.80, 8.38)
8.00 (6.66, 9.34)
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Fig. 2: Random-effects meta-analysis of mean weight gain (g/kg/day) by inpatient (n = 18), hybrid (n = 12), and outpatient programmes
(n = 60). DL = DerSimonian and Laird; 95% CI = 95% Confidence Interval. NOTE: Weights are from random-effects model.
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Rate of weight gain varied widely, even within pro-
gramme subgroups. Hybrid programmes varied the
most because some reported outpatient and inpatient
weight gain separately. For example, the fastest hybrid
weight gain was observed in Aguayo et al. (2015): 9.3 g/
kg/day (SD = 14.8, n = 4598 children).45 This was the
inpatient phase, reported separately to the outpatient
phase, which had a mean weight gain of 1.6 g/kg/day
(SD = 2.0, n = 1620 children). A stark result was the
slowest weight gain from Sachdev and Vijayaran (2014),
www.thelancet.com Vol 81 March, 2025

http://www.thelancet.com


Articles
with a very slow mean weight gain of 0.4 g/kg/day
(SD = 0.7, n = 30 children).125 Children in this pro-
gramme received only the family diet.

For inpatient, hybrid, and outpatient programmes,
weight gain did not differ based on whether all children
in-programme were included or only those who recov-
ered (Supplementary Figure S2a and b). In the sensi-
tivity analysis excluding programmes that did not
explicitly state which population was used, we also
found no difference. Mean weight gain was similar
across Africa and Asia, for inpatient, hybrid, and
outpatient programmes (Supplementary Figure S3a–c).
Although the confidence intervals just overlap, mean
weight gain was slower among subgroups with oedem-
atous malnutrition at 4.9 g/kg/day (95% CI: 4.0, 5.7;
I2 = 96.7%; n = 12 programmes), compared to 6.0 g/kg/
day in non-oedematous subgroups (95% CI: 5.5, 6.4;
I2 = 99.0%; n = 37 programmes) (Supplementary
Figure S4a and b). Differences between these sub-
groups were found in two of three sensitivity analyses
(including imputed means and including only those that
strictly met inclusion criteria). Only two of eight papers
that contributed to the meta-analysis among oedema-
tous subgroups reported accounting for oedema reso-
lution in their calculation of weight gain (e.g., using
minimum rather than enrolment weight).

Overall mean LOS was 41.1 days (95% CI: 37.9, 44.3;
I2 = 100%) across 71 programmes. Mean LOS was 50.6
days (95% CI: 47.4, 53.8; I2 = 99.5%) across 37 outpa-
tient programmes, compared to 15.6 days (95% CI: 13.3,
17.9; I2 = 99.9%) across 15 inpatient programmes
(Fig. 3). Mean LOS was 18.9 days (95% CI: 4.4, 33.5;
I2 = 99.9%) across eight hybrid programmes. Mean LOS
in inpatient and outpatient programmes did not differ
based on whether all children in-programme were
included or only those who recovered (Supplementary
Figure S6a and b). Comparing mean LOS in Africa
and Asia, there was no difference in inpatient pro-
grammes, but in outpatient programmes mean LOS was
shorter in Africa (44.1 days; 95% CI: 40.8, 47.5;
I2 = 99.4%; n = 23 programmes) than in Asia (61.7 days;
95% CI: 56.9, 66.6; I2 = 98.3%; n = 14 programmes)
(Supplementary Figure S7a and b). There was strong
evidence that greater mean weight gain rate was asso-
ciated with shorter mean LOS (coefficient = −4.0; 95%
CI: −6.1, −2.0; p < 0.001; n = 71 programmes). However,
there was no evidence of this association after adjusting
for programme type (coefficient = −0.3; 95% CI: −2.3,
1.6; p = 0.8; n = 71 programmes).

Mean mortality was 9.1% across 25 inpatient pro-
grammes, while mean mortality was 1.6% across 79
outpatient programmes. There was no evidence for an
association between rate of weight gain and percent
mortality in unadjusted analysis (coefficient = 0.2; 95%
CI: −0.04, 0.5; p = 0.09; n = 118 programmes). After
adjusting for programme type, there was some evidence
that weight gain was associated with mortality, where a
www.thelancet.com Vol 81 March, 2025
1 g/kg/day increase in programme mean weight gain
was associated with a 0.4 percentage point (pp) reduc-
tion in programme mortality (coefficient = −0.4; 95%
CI: −0.7, −0.02; p = 0.04; n = 118 programmes). How-
ever, there was no evidence of association after further
adjusting for default percentage (coefficient = −0.02;
95% CI: −0.4, 0.3; p = 0.9; n = 104 programmes).
Findings from the sensitivity analyses were varied,
including varying direction of effect. Analysis using only
one programme per paper found some evidence that a
1 g/kg/d increase in programme mean weight gain was
associated with a 0.3 pp increase in programme mor-
tality (coefficient = 0.3; 95% CI: 0.02, 0.6; p = 0.04;
n = 77 programmes) before adjustment for programme
type, but no evidence of an association after adjustment
(coefficient = −0.2; 95% CI: −0.6, 0.2; p = 0.3; n = 77
programmes). When restricted to programmes strictly
meeting population inclusion criteria, there was evi-
dence that a 1 g/kg/d increase in programme mean
weight gain was associated with a 0.5 pp increase (coeffi-
cient = 0.5; 95% CI: 0.3, 0.7; p < 0.001; n = 75 pro-
grammes) and 0.3 pp increase (coefficient = 0.3; 95% CI:
0.02, 0.5; p = 0.04; n = 75 programmes) in programme
mortality, before and after adjustment for programme
type, respectively. Finally, when imputed means were
included, there was no evidence of association in unad-
justed analysis (coefficient = 0.2; 95% CI: −0.06, 0.5;
p = 0.1; n = 130 programmes), but after adjusting for
programme type, there was some evidence for a 0.4 pp
reduction in mortality per 1 g/kg/day increase in weight
gain after adjusting for programme type (coeffi-
cient = −0.4; 95% CI: −0.7, −0.03; p = 0.03; n = 130 pro-
grammes). Fig. 4 shows percentage mortality plotted
against weight gain in outpatient programmes. The high-
est mortality was reported by Kim et al. (2012), where the
programmes exclusively treated children with HIV.106 This
was the only outpatient programme (of 79 with relevant
data) that exceeded Sphere standards of <10% mortality.14

In contrast, 22.2% (18/81) outpatient programmes re-
ported default ≥15% (exceeding Sphere standards).

There was no evidence that weight gain was associ-
ated with recovery (n = 117), default (n = 112), or relapse
(n = 21), even after adjusting for programme type.
However, after further adjustment for default, we found
weak evidence for a 1.3 pp increase in recovery per 1 g/
kg/day increase in weight gain (coefficient = 1.3; 95%
CI: 0.0003, 2.7; p = 0.05; n = 101 programmes).

There was high heterogeneity in all analyses. Quality
appraisal showed generally low study-level risk of bias,
although this varied between and within studies
(Supplementary Table S5). There was no evidence for
publication bias accounting for programme types, and
no evidence for publication bias in inpatient, hybrid, or
outpatient programmes (Egger’s test p-values 0.2, 0.3,
0.8, and 0.3, respectively). Sensitivity analyses mostly
showed similar results to the main analyses, with any
notable differences previously highlighted.
7
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Fig. 3: Random-effects meta-analysis of mean length of stay (days) by inpatient (n = 15), hybrid (n = 8), and outpatient programmes (n = 37).
DL = DerSimonian and Laird; 95% CI = 95% Confidence Interval. NOTE: Weights are from random-effects model.
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Discussion
Outpatient programmes reported slower mean weight
gain and longer mean LOS than inpatient programmes.
They also had low mortality overall. There was incon-
sistent evidence for an association between weight gain
and mortality. We found variable reporting of weight
gain and its calculation method. Our results suggest
slower weight gain in children with oedematous
malnutrition, compared to those without oedema. Only
two of eight papers in this analysis explicitly reported
accounting for oedema resolution in weight gain
calculation.111,138 When oedema resolution is not
considered, weight gain appears slower due to the
higher baseline weight and longer time period. There-
fore, differences may be artificially created.

Our outpatient results are similar to those of
Schoonees et al. (2019), who included evidence from
some of the same studies as in ours.148 They found
average weight gain <5 g/kg/day in home-based pro-
grammes, in various diet subgroups.148 Many factors
www.thelancet.com Vol 81 March, 2025

http://www.thelancet.com


0

5

10

15

M
or

ta
lit

y 
(%

)

0 2 4 6 8 10
Programme mean weight gain (g/kg/d)

Fig. 4: Programme mean weight gain vs percent mortality in outpatient programmes (n = 67 programmes).

Articles
may explain why this is much lower than the historical
10–15 g/kg/day targets from inpatient programmes.
Firstly, food rations may be shared with others.71,141,149

Second, CMAM programmes emphasise high coverage
and proactive case finding.7 Many children are thus less
severely malnourished at enrolment, and require less
catch-up growth. Measurement frequency also impacts
weight gain records. Compared to inpatient care,
outpatient programmes last longer and have less
frequent measurements, e.g., weekly/fortnightly.
Therefore, a child in outpatient treatment may have
reached discharge target weight several days before this
is recorded, resulting in under-estimation of the recor-
ded rate of weight gain. There could be variations due to
underlying health status, admission/discharge criteria,
and diet also.

As well as being markedly below prior inpatient
targets of 10–15 g/kg/day,6 most outpatient pro-
grammes reported mean weight gain below 2004
Sphere standards recommendation of >8 g/kg/day and
WHO’s mention of 5–10 g/kg/day.15,16 It is imperative to
understand the short-term and long-term risks associ-
ated with slower weight gain. Overall mortality was low
in most outpatient programmes. We found no associa-
tion between weight gain and mortality in unadjusted
analysis. We found weak evidence for an association
between slower programme-level weight gain and
increased programme mortality. However, evidence for
association and the direction of effect varied in sensi-
tivity analyses. Therefore, this finding may be due to
chance, although exploration with individual-level data
is warranted. Since most programmes provided similar
www.thelancet.com Vol 81 March, 2025
treatment calories, slow programme-level weight gain
may be a red flag for a high burden of more severely
wasted or sick children, or may reflect more adverse
community conditions or programmatic quality issues.
Since this is an observational study where most children
were receiving broadly similar treatment, it seems that
increasing weight gain through food is unlikely to
address the causes of higher mortality risk seen in slow-
growing individuals. This is particularly the case as
Sachdev and Kurpad (2024) found the WHO guidelines
to be an overestimation of therapeutic energy
requirements.17

A major strength of this review is the comprehensive
search, meaning many studies and patients were
included. An important evidence gap is thereby
addressed. Furthermore, sensitivity analyses are mostly
consistent with our main findings. However, we
acknowledge limitations. This meta-analysis deals with
programme-level data, so results should not be extrap-
olated to individual patients. Another limitation is that
malnutrition outcomes reported in peer-review papers
are not necessarily representative of all other pro-
grammes. Since research often increases quality of care,
weight gain may be lower elsewhere. While we consid-
ered diet provided, we do not have information on actual
intake. We focused on in-programme mortality, so we
cannot comment on post-discharge mortality, which
warrants future research. Also defaulting complicates
interpretation of in-programme mortality and other
outcomes. Furthermore, there was incomplete report-
ing. Weight gain was not reported as grams/kilogram/
time in 17% of papers, and other papers did not provide
9
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measures of uncertainty and/or sample size, so could
not be included in analysis. Sample size was inferred/
assumed where possible. Independent review of data
extraction minimised risk of misinterpretations.

More research is required to identify potential dif-
ferences between subgroups, e.g., children with dis-
abilities and separating by age and sex,150 and for other
important outcomes, e.g., cognitive development. There
was high heterogeneity in our analyses. Clinical het-
erogeneity may partially explain differences in outcomes
between programmes of the same type. There were
variations in the populations of the individual pro-
grammes, e.g., by age, sex, severity of malnutrition,
health status. There was heterogeneity in admission/
discharge criteria, weight gain measurement, thera-
peutic food, feeding regime, length of follow-up, and
outcome definitions (e.g., relapse varied by timescale
and exact definition). When a population was not
exclusively severely malnourished, weight gain was not
always reported for the subset who were so affected.112,115

However, these programmes were excluded in sensi-
tivity analysis. Outcomes of hybrid programmes in
Aguayo et al. (2015) were reported for the inpatient and
outpatient phases separately, explaining variability in the
results for hybrid programmes.45 Considering this het-
erogeneity, we conducted random-effects meta-analysis.
There was methodological heterogeneity, with variation
in study designs. However, we see only minor hetero-
geneity when comparing the main analysis with sensi-
tivity analyses. Similarly, there is statistical
heterogeneity seen by comparing the fixed- and random-
effects models, although these differences do not alter
our main findings.

The variation in weight gain reporting highlights the
need for standardisation. We suggest reporting mean
weight gain in g/kg/day, both for all children in-
programme and also focussing solely on children who
recovered. The calculation would be: (discharge weight
(g) minus minimum weight (g)) ÷ (minimum weight
(kg) × number of days from minimum weight to
discharge). Another useful method could be 1000 × log
(discharge weight/minimum weight) ÷ number of days.
Using oedema-free, minimum weight is important to
accurately capture rate of weight gain in oedematous
children. It is important to clearly state which children
are included and the discharge criteria used.

Our findings suggest that slower mean weight gain is
common and should be expected in outpatient pro-
grammes, compared to inpatient programmes. Our
study highlights the need for more research, not only to
determine the range of optimal weight gain, but also to
identify biomarkers for better measurement of health
outcomes, rather than relying solely on weight gain as a
proxy indicator of health.151 Intervention studies with
extended follow-up are required to understand if slower,
steadier growth might have advantages over rapid
weight recovery in the medium- and long-term, as
suggested by observational studies.10,11,152,153 In the short
term, our findings set useful benchmarks for self-
evaluation of other programmes.
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