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Abstract

Children with weight‐for‐age z‐score (WAZ) <−3 have a high risk of death, yet this

indicator is not widely used in nutrition treatment programming. This pooled secondary

data analysis of children aged 6–59 months aimed to examine the prevalence, treatment

outcomes, and growth trajectories of children with WAZ<−3 versus children with

WAZ≥−3 receiving outpatient treatment for wasting and/or nutritional oedema, to

inform future protocols. Binary treatment outcomes between WAZ<−3 and WAZ≥−3

admissions were compared using logistic regression. Recovery was defined as attaining

mid‐upper‐arm circumference ≥12.5 cm and weight‐for‐height z‐score ≥−2, without

oedema, within a period of 17 weeks of admission. Data from 24,829 children from
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9 countries drawn from 13 datasets were included. 55% of wasted children had

WAZ<−3. Children admitted with WAZ<−3 compared to those with WAZ ≥−3 had

lower recovery rates (28.3% vs. 48.7%), higher risk of death (1.8% vs. 0.7%), and

higher risk of transfer to inpatient care (6.2% vs. 3.8%). Growth trajectories showed

that children with WAZ<−3 had markedly lower anthropometry at the start and end

of care, however, their patterns of anthropometric gains were very similar to those

with WAZ ≥−3. If moderately wasted children with WAZ<−3 were treated in

therapeutic programmes alongside severely wasted children, we estimate caseloads

would increase by 32%. Our findings suggest that wasted children withWAZ<−3 are

an especially vulnerable group and those with moderate wasting and WAZ<−3 likely

require a higher intensity of nutritional support than is currently recommended.

Longer or improved treatment may be necessary, and the timeline and definition of

recovery likely need review.

K E YWORD S

anthropometry, child nutrition, malnutrition, stunting, underweight, wasting

1 | INTRODUCTION

Undernutrition in children under 5 years of age remains persistently

high globally, with the COVID‐19 pandemic further exacerbating this

burden across low‐and middle‐income countries (Osendarp et al.,

2021). Undernutrition in early life, including manifestations such as

stunting (low height‐for‐age), wasting (low weight‐for‐height and/or

mid‐upper arm circumference [MUAC]), bilateral pitting oedema, and

underweight (low weight‐for‐age), is associated with significantly

higher rates of morbidity and mortality in childhood (McDonald et al.,

2013). It also has long‐term implications for educational achievement,

economic productivity and the risk of non‐communicable disease in

later life (Black et al., 2013; Murray et al., 2020).

Although stunting and wasting share common drivers, consequences

and causal pathways, often occurring concurrently in the same children,

they continue to be targeted separately in nutrition policy and

programming (Khara et al., 2018; Thurstans et al., 2021). Stunting and

wasting may already be present at birth and the incidence of both forms

of undernutrition peaks within the first 6 months of life (Christian et al.,

2013; Victora et al., 2021). Experiencing an episode of wasting in early life

leads to an increased risk of further wasting in later life (Mertens et al.,

2020). Previous research has shown that children with multiple

anthropometric deficits, including concurrent wasting and stunting (WaSt)

are 12 times more likely to die than those with no anthropometric deficit

compared to a twofold increase in those with wasting only (McDonald

et al., 2013). This highlights the need to re‐examine the extent to which

nutrition and health programming are targeting the highest‐risk children

for treatment (Bailey et al., 2021; McDonald et al., 2013; Myatt

et al., 2018).

Currently, MUAC <11.5 cm, weight‐for‐height z‐score (WHZ) <−3,

and the presence of oedema are used as independent criteria

for admission of children 6–59 months into therapeutic feeding

programmes. These criteria fail to capture children who are moderately

wasted and concurrently stunted, despite the fact that their near‐term

mortality risk is similar to that of severely wasted children (Myatt et al.,

2018). Data indicates that all WaSt children are also underweight,

meaning that the weight‐for‐age z‐score (WAZ) can be used to identify

WaSt (Thurstans et al., 2021). The most effective combination of

indicators for identifying those children at the highest risk of death,

including those withWaSt, isWAZ <−3 and MUAC<11.5 (Myatt et al.,

2019). Thus, includingWAZ <−3 as an additional independent criterion

for admission into therapeutic treatment programmes may improve

Key messages

• Children with WAZ <−3 have a high risk of death, yet this

indicator is not widely used in nutrition treatment

programming.

• WAZ<−3 is common among both severely and moder-

ately wasted children (64% and 43%, respectively), and

those with WAZ <−3 do not meet conventional defini-

tions of nutritional recovery as often as other wasted

children. While they do gain weight in a similar pattern as

other wasted children, they have further to catch up.

• Children with wasting and WAZ <−3 likely require longer

or more tailored treatment, especially children with both

moderate wasting and WAZ <−3, who are usually not

eligible for therapeutic feeding.

• An intervention trial is needed to further explore these

hypotheses and must include non‐wasted children with

WAZ <−3, who are currently not represented in this

secondary data.
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the targeting of malnourished children with the greatest risk of

mortality (Bailey et al., 2021; Myatt et al., 2018). However, as low

WAZ is not currently used at admission or routinely monitored during

wasting treatment, little is known about how this group of children

respond to either therapeutic or supplementary treatment protocols.

In this study, we aimed to conduct a pooled secondary data analysis

using existing datasets of children treated for wasting, during research

studies and high‐quality community‐based management of acute mal-

nutrition (CMAM) operational programmes. The objectives were, in

children being treated for wasting and/or nutritional oedema: to (1)

examine the prevalence and treatment outcomes of children with WAZ<

−3; (2) explore growth trajectories of children with WAZ<−3; and (3),

examine how varying levels of treatment affect treatment outcomes and

growth trajectories for children with WAZ<−3. These results may help

inform future research protocols and operational programmes regarding

the potential use of WAZ<−3 as an indicator for admitting children for

nutritional care and the appropriate intensity of treatment for this group.

2 | METHODS

2.1 | Data acquisition

Datasets included in this study were solicited via an open call for data

circulated by Action Against Hunger and the Wasting and Stunting

Technical Interest Group (WaSt TIG) coordinated by the Emergency

Nutrition Network. To be eligible for inclusion, datasets needed to:

• Include individualised, child‐level data for children aged 6–59 months

admitted for outpatient management of moderate or severe wasting

(also known asMAM and SAM) (based on criteria of MUAC, oedema, or

weight for height);

• Have been collected as part of a rigorous research study or

implemented in a high‐quality programme that collected regular

monitoring data;

• Include the following variables as a minimum: child age, oedema

status, height/length, weight, MUAC, and the date upon admission

to treatment and at each follow‐up visit.

Any additional contextual information regarding the type of

programme, treatments provided, and morbidity information was also

sought. Data were not limited by language or date. All original study

protocols and ethical approval documentation from the individual

studies were also sought.

2.2 | Data extraction and cleaning

Anonymised data were compiled into one master dataset. The following

variables were extracted from all datasets: intervention type, date, date of

birth, age, sex, weight, height/length, MUAC and oedema at admission and

date, weight, height/length, MUAC, and nutritional oedema at each follow‐

up visit as well as recorded treatment outcomes (death, defaulted,

transferred). Children with missing age and sex information were excluded,

along with data on children aged <6 and >59 months upon admission to

treatment. Children who were not classified as wasted based on current

programmatic definitions (i.e., MUAC ≥12.5 orWHZ≥−2) and did not have

nutritional oedema were also excluded. The following additional variables

were included where available: morbidity (diarrhoea, respiratory infection/

cough, fever, rash, and vomiting) during the treatment period and HIV

status at admission. Implausible height/length values (>120 cm or <60 cm)

and MUAC values (>20 cm) were censored (i.e., assigned a missing value).

Where the birth dates of children were available, age (months) was

calculated. Where birth dates were not available, age (months) from the

original dataset was used. In attempts to standardise, the admission

status and the treatment outcome variable were generated based on

anthropometric measurements, rather than classifications used in the

original datasets. Severe wasting without oedema was defined as MUAC

<11.5cm or WHZ <−3; moderate wasting was defined as MUAC

11.5–12.4 cm or WHZ −2 to −3, and absence of oedema. Recovery was

defined as attaining MUAC ≥12.5 and WHZ ≥−2 and no oedema, within

a period of 17 weeks (119 days) of admission (Bailey et al., 2020). These

recovery criteria were not necessarily the same as those used in the

original studies and therefore are not indicators of programme quality.

Non‐response was defined as still having MUAC <12.5 or

WHZ <−2 or oedema after the point of 17 weeks of treatment. Due to

varying protocols between treatment programmes, some children contin-

ued to receive treatment beyond 17 weeks and were later classified as

recovered in the original studies and/or programmes. However, for the

purpose of this analysis, these children were still classified as non‐

responders. While a maximum of 16 weeks of treatment is standard in

many current CMAM protocols, we allowed an extra week because some

programmes provide treatment every 2 weeks and children may have

missed attendance at one or more follow‐up visits. Children who did not

reach the recovery criteria set here but who were discharged as recovered

based on their programme definition (often either WHZ≥−2 or MUAC

≥12.5, rather than both) are classified as “early discharge” for the purpose

of this analysis.

Due to the varying follow‐up frequencies across datasets, follow‐

up intervals were set according to a 7‐day interval for weekly visits

(severely wasted cases were applied to this schedule if not specified)

or a 14‐day interval for visits every 2 weeks (moderately wasted cases

were applied to this schedule if not specified).

Z‐score outliers were cleaned according to World Health

Organisations' (WHO) recommended cleaning method for survey data

(see definition in Appendix Table S1) (WHO, 2009). As this method is

likely to exclude some legitimately extremely malnourished children,

we also ran the analysis with cleaning based on a boxplot method

which used the internal interquartile range of the data (Appendix

Table S1) (Hoaglin et al., 1986). Children with nutritional oedema were

included and analysed separately for most analyses.

2.3 | Data analysis

Analyses were conducted in Stata v14.2 (StataCorp). Simple propor-

tions and means were calculated to describe the data and assess the

prevalence of WAZ <−3 in the combined sample, and within different

ODEI OBENG‐AMOAKO ET AL. | 3 of 12
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admission types (severe wasting without oedema, severe wasting

with oedema, moderate wasting [no moderate wasting with

oedema as by definition oedema was classified as severe]). A

calculation of percentage increase in caseload if children with

WAZ <−3 were all treated within an outpatient therapeutic

programme was calculated.

For comparing binary treatment outcomes between children

admitted with and without WAZ <−3, logistic regression was used to

generate odds ratios (OR). For continuous treatment outcomes

(length of stay and average weight gain), linear regression was used

among those who recovered. For all regression analyses, adjustment

for the cluster by dataset was applied and a p value less than 0.05

was considered statistically significant.

We sought to explore whether the intensity of treatment

received (based on supplementary food composition and dosage)

affected treatment outcomes for children withWAZ <−3, recognising

that with multiple different treatment protocols in a pooled analysis,

the food composition and dosage varied across included datasets.

We considered the receipt of home foods or fortified blended flours

to be “low‐intensity treatment”, and receipt of lipid nutrient

supplements (LNS) dosed at approximately 75 kcal/kg of body weight

per day or approximately 500 kcal per day to be “mid‐intensity

treatment”, and receipt of LNS dosed at approximately 175 kcal/kg of

body weight per day or approximately 1000 kcal per day to be “high‐

intensity treatment”. LNS includes ready‐to‐use therapeutic food

(RUTF) and ready‐to‐use supplementary food (RUSF), both standard

formulations currently used in wasting treatment programming and

experimental formulations. We used logistic regression to compare

treatment outcomes for those who received low‐intensity treatment

versus mid‐intensity treatment, and low versus high‐intensity

treatment, disaggregated by WAZ admission status (see further

definition in Appendix Table S2). The model was adjusted for

clustering by dataset and potential confounding factors: age, sex,

and wasting severity at admission.

As there is currently no gold standard definition of recovery from

wasting, and the definition applied here is still only a proxy for

“health”, a large part of our analysis focuses on visual and statistical

comparisons of growth trajectories to examine the response to

treatment for different groups. Timepoints with measurements from

fewer than 50 children were not included in plots, hence most

trajectories track mean anthropometry and 95% confidence intervals

from admission, every 7 or 14 days, until 126 days. Plots compare

children with WAZ <−3 and children with WAZ ≥−3 for both the

whole sample, as well as disaggregated by our definitions of severe

wasting, moderate wasting, and nutritional oedema.

3 | RESULTS

Datasets from 13 studies were included, collected between 2010 and

2020, covering 9 countries across Africa and Asia (Appendix

Table S3). The original study methods are fully described in the

original publications (Bahwere, Akoma et al., 2017; P. Bahwere,

Balaluka et al., 2016; Bailey et al., 2020; Bhandari et al., 2016; Binns

et al., 2016; Chase et al., 2020; Hsieh et al., 2015; Karakochuk et al.,

2012; LaGrone et al., 2012; Oakley et al., 2010; Sigh et al., 2018;

Stobaugh et al., 2016; Trehan et al., 2013).

Following the cleaning of extreme outliers, 783 (2.9%) children

with missing WAZ at admission and 965 (3.6%) children who were

not considered wasted based on our definitions and did not have

oedema were excluded. Some children (21%) who we classified as

severely wasted were treated in a supplementary feeding programme

and some children (38%) who we classified as moderately wasted

were treated in a therapeutic feeding programme (Appendix

Table S4). A large proportion of these was due to different admission

criteria for supplementary feeding in the Karakochuk et al.s' (2012)

study.

3.1 | Baseline demographics

The final pooled datasets contained data from 24,829 children aged

6–59 months. Females made up 53.5% of the sample (Table 1). The

median age of the study participants was 18 months. At admission,

38.9% of the children had severe wasting without oedema and 42.6%

of the children had moderate wasting. Approximately 14% of the

children admitted for treatment had severe wasting defined by

oedema only, while 4.2% had both oedema and WHZ <−3 or

MUAC <11.5 cm. The largest proportion (43.9%) of the children in

the sample resided in Malawi. Of those with oedema (4411), 96%

were in Malawi with very few in other locations. Of the interventions

received, 30.8% of children received standard formula RUTF while

4.3% of the children received standard RUSF (Table 1). Approxi-

mately 78.0% of children had one or more reported morbidities

(fever, ARI, diarrhoea, vomiting, rash) during the treatment period.

Regarding the intensity of treatment, 55.8% of the sample received

therapeutic treatment with LNS (high intensity), 23.9% received a

supplementary dose of LNS (mid‐intensity), and 20.3% received

fortified flour or energy‐dense home foods (low‐intensity treatment).

Among this sample, severe underweight (WAZ <−3) was the

most prevalent anthropometric deficit (55.0%) followed by severe

stunting (HAZ <−3) (38.8%) (Appendix Table S5). The prevalence of

WaSt (WHZ <−2 and HAZ <−2) was 43.5%; 48.2% among children

with severe wasting and 37.2% among children with moderate

wasting.

3.2 | Describing the severely low WAZ (<−3)
admission group

The overall prevalence of WAZ <−3 was 55.0% in children admitted

for treatment (Table 2). Of moderately and severely wasted

admissions, 42.8% and 64.0% had WAZ <−3, respectively. WAZ <

−3 was more frequent in males (63.7%) than in females (47.1%), and

more frequent in older children (66.3% aged 24–59 months) than in

younger children. Among children with oedema, 30.7% had WAZ <−3

4 of 12 | ODEI OBENG‐AMOAKO ET AL.
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TABLE 1 Characteristics of children treated for wasting
(n = 24,829)

Attribute Frequency (n) Percent (%)

Sex

Male 11,764 47.4

Female 13,065 52.6

Age (months), median (IQR) 18 (11, 28)

Age groups (months)

6–23 16,310 65.69

24–59 8519 34.31

Admission status

Severely wasted

by low MUAC and/or WHZ 9660 38.91

by oedema only 3537 14.25

by both oedema and low
MUAC and/or WHZ

1048 4.22

Moderately wasted 10,584 42.63

HIV status at admission

Unknown 21,913 88.26

Negative test 2771 11.16

Positive testa 145 0.58

Morbidity (diarrhoea, cough, fever, vomiting and/or rash) before or
during treatment

No 3472 21.72

Yes 12,492 78.16

Unknown 18 0.11

Type of research

RCT (experimental) 18,623 75.01

Observational (routine) 6206 24.99

Country

Malawi 10,902 43.91

Cambodia 113 0.46

Ethiopia 2572 10.36

DR Congo 406 1.64

India 836 3.37

Yemen 815 3.28

South Sudan 4355 17.54

Chad 1696 6.83

Kenya 3134 12.62

Type of intervention received

Standard RUTF 10,367 41.75

Novel RUTF formulation 4687 18.88

CSB/CSB++ 1985 7.99

TABLE 1 (Continued)

Attribute Frequency (n) Percent (%)

Standard RUSF 1070 4.31

Novel RUSF formulation 4207 16.94

Home foods 277 1.12

Unknown supplementary food 2236 9.01

Abbreviations: CSB, cord‐soy blended flour; DR Congo, Democratic

Republic of Congo; RCT, randomised controlled trial; RUSF, ready‐to‐use
supplementary food; RUTF, ready‐to‐use therapeutic food.
aHIV testing was uncommon and could reflect maternal status in those

younger than 18 months.

TABLE 2 Prevalence of WAZ <−3 among children admitted
to CMAM

Attribute Total (n)
WAZ <−3 all
admissions (%)

WAZ <−3
among
MW (%)

WAZ <−3
among
SWa (%)

n = 10,584 n = 14,245

Overall 24,829 54.96 42.78 64.00

Sex

Male 11,764 63.72 52.07 70.40

Female 13,065 47.06 36.45 56.93

Age

6–23 16,310 49.06 35.34 60.27

24–59 8519 66.25 59.59 70.36

Morbidity

HIV‐positive 145 59.30 55.60 59.60

Morbidity
before
treatment

12,492 55.73 45.39 62.46

Country

Malawi 10,902 54.27 48.91 57.40

Cambodia 113 62.83 31.91 85.85

Ethiopia 2572 60.93 48.13 70.89

DR Congo 406 67.49 100 67.25

India 836 89.71 79.46 91.30

Yemen 815 44.54 41.03 53.48

South Sudan 4355 60.34 39.00 68.80

Chad 1696 63.09 58.76 75.00

Kenya 3134 32.10 20.73 59.10

Abbreviations: CMAM, community‐based management of acute
malnutrition; MW,moderate wasting; WAZ, weight‐for‐age z‐score.
aSeverely wasted (SW) cases include those with oedema.

ODEI OBENG‐AMOAKO ET AL. | 5 of 12
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and 83.9% of children with both wasting and oedema had WAZ <−3.

The prevalence of WAZ <−3 varied by location, ranging between

32.1% in Kenya and 89.7% in India.

According to this data, the caseload of children warranting

treatment with a therapeutic dose (as for severe wasting or oedema)

would increase by 31.8% if those with both moderate wasting

and WAZ <−3 were added to therapeutic treatment programmes

(Appendix Table S6). Note that the increase in caseload calculated

from this data represents the minimum increase, resulting only from

shifting children from supplementary feeding to therapeutic feeding

treatment. This estimate also relies on the proportions of moderate

and severely wasted children recruited into the programmes

reflecting the proportions in the community.

3.3 | Comparing those admitted with and without
severely low WAZ (<−3)

Recovery was lower in children with WAZ <−3 compared to children

with WAZ ≥−3 (28.3% vs. 48.3%). The proportion of children who

died was also higher in severely low WAZ children (1.8% vs. 0.8%),

but non‐response and defaulter rates were similar between the two

groups (Appendix Table S7). Approximately 64% of children with

WAZ <−3 were also severely stunted (HAZ <−3) compared to 10% of

children with WAZ ≥−3.

When disaggregated by severe wasting, moderate wasting, or

oedema, severely underweight children had lower odds of recovery

than children with WAZ ≥−3 across all three of these groups

(Table 3). Children admitted with oedema at WAZ <−3 demonstrated

the largest reduction in recovery compared to those with oedema

and WAZ ≥−3 (OR = 0.24). For severely wasted children, those with

WAZ <−3 had significantly greater odds of death than those without

low WAZ. The highest death rate was in the sub‐group of

oedematous children with severely low WAZ (5.7%). Across all

admission groups, the odds of being transferred to alternative

treatment, including inpatient care, were significantly greater among

severely underweight children. When all adverse outcomes were

combined (deaths, defaulters, non‐response, and transfer), there

were significantly greater odds of adverse outcomes for those with

WAZ <−3 compared to those with WAZ ≥−3 for children with

moderate wasting or oedema (Table 3). Among children who did

recover, those who began with severely low WAZ had similar lengths

of stay as children with WAZ ≥−3, except for those with oedema.

Results were similar when using the “boxplot” data cleaning method

which excludes fewer children with extreme Z‐scores (Appendix

Table S8). The child's age had a significant positive effect on recovery

but this did not differ by WAZ <−3 status.

3.4 | Growth curve analysis

While there was a clear difference in the starting anthropometry of

those admitted with WAZ <−3 and those with WAZ ≥−3, the growth

trajectories (changes in WAZ, HAZ, MUAC and WHZ) during

treatment were all very similar (Figure 1). The low WAZ group

started with greater deficits across all growth indicators and

remained with almost identical growth deficits at each timepoint

and at the end of treatment. In general, severely wasted admissions

tended to have steeper gains in all anthropometric indicators than

children with moderate wasting (graphs disaggregated by wasting

severity and oedema status in Appendix Figures S1–S4). The children

with moderate wasting had an especially flat growth curve when

considering HAZ. The greatest gains in HAZ were seen in children

with oedema; this group generally had the greatest HAZ deficits at

admission, had a less severe deficit in MUAC and WHZ at admission,

and received high‐intensity treatment. Overall, change in HAZ was

significantly higher for low WAZ admissions (0.36 vs. 0.17) (mean

difference: 0.19, 95% confidence interval: 0.16–0.22, p < 0.0001).

Older children were significantly less likely to have gains in HAZ but

this did not differ by WAZ <−3 status.

3.5 | Intensity of nutrition treatment

After adjusting for age, sex and severity of wasting at admission,

mid‐intensity treatment had a superior recovery rate compared to

low‐intensity treatment (Appendix Table S9). High‐intensity treatment

(therapeutic dose of RUTF) had a significantly lower defaulter rate than

low‐intensity treatment, but greater odds of non‐response. The

growth trajectories (Figure 2) show very similar growth patterns

across the different intensities of treatment. Those withWAZ ≥−3 may

respond better to current options of mid‐ and high‐intensity treatment

than those withWAZ<−3 (recovery rate for low‐mid‐high intensity for

WAZ<−3: 17%, 39%, 25%; for WAZ ≥−3: 24%, 61%, 43%).

4 | DISCUSSION

The purpose of this study was to draw on existing research and

programmatic data to better understand growth trajectories and

response to treatment of children with WAZ <−3 within wasting

treatment programmes. A significant proportion of wasted children

had severely low WAZ (approximately 40% of moderately wasted

admissions and 60% of severely wasted admission), however, these

proportions varied greatly by context. Children admitted with WAZ <

−3 had lower recovery rates, higher risk of death, and higher risk of

transfer to inpatient care, both overall and when disaggregated by

oedema/severity of wasting. Children admitted with severely low

WAZ had markedly lower anthropometric indicators (HAZ, WHZ and

MUAC) at both admission and end of care; however, their patterns of

anthropometric gains were very similar to those with WAZ ≥−3.

Among children that fully recovered, the length of stay was the same

for WAZ <−3 and WAZ ≥−3 admissions, but the rate of weight gain

was slightly faster for the lower WAZ group.

These results suggest that firstly wasted children with WAZ <−3

do have additional vulnerabilities and greater anthropometric deficits

6 of 12 | ODEI OBENG‐AMOAKO ET AL.
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all around which likely impacts their risk of death during treatment

indicating that they should indeed be targeted for increased support.

We found that there are some very high‐risk children within the

severely low WAZ group, as evidenced by the higher death rate

despite being enrolled in CMAM support. This is especially relevant

for children with moderate wasting and WAZ <−3 (of which 0.64%

died), as these children would not be eligible for support in many

settings where there is no moderate wasting treatment programme.

In such settings or where resources are limited, children with

moderate wasting and WAZ <−3 should be prioritised for nutritional

support, alongside those with severe wasting. A study of children

with moderate wasting provided with nutrition counselling in Sierra

Leone found WAZ <−3 to be a significant predictor of death and

deterioration to severe wasting (Lelijveld et al., 2021). In settings

where WAZ is routinely assessed, connections with wasting

treatment programmes should be enhanced.

We also found that children with oedema and severely low WAZ

were the highest risk group in this analysis with regard to survival;

they were also the most stunted group at admission. Evidence

already highlights that children who are both wasted and oedema-

tous (“marasmic‐kwashiorkor”) are at high risk of mortality

(Scrimshaw & Viteri, 2010). However, this has not traditionally

included considerations of stunting, nor is there any increase in

support in standard treatment programming for these children.

This group warrants particular attention and further work is needed

to uncover the cause of their vulnerability to mitigate it.

Secondly, while wasted children with WAZ <−3 have poorer

recovery rates, they are responding well to CMAM treatment, despite

starting treatment with greater deficits. However, their anthropome-

try remains well below the WAZ ≥−3 group at discharge, even after

several months in the highest intensity treatment (RUTF). These

findings, therefore, pose important questions about what the

appropriate definitions of “recovery” should be, especially in these

children with very low and multiple anthropometric deficits at

admission, and what the most appropriate treatment should be.

Longer or higher intensity treatment may be necessary for a more

complete and sustained recovery in children with the greatest

deficits, and the commonly used definition of “non‐response” (after

F IGURE 1 Growth trajectories for WAZ, HAZ, MUAC and WHZ, disaggregated by WAZ status at admission. MUAC, mid‐upper‐arm
circumference; WAZ, weight‐for‐age z‐score
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16 weeks of treatment) may need to be extended. It is also important

to note that our data lacks contextual information on co‐morbidities,

access to care, and family status which may influence a child's

response to food treatment and should be considered in

programming.

In general, the recovery rates, based on our stringent definition

were low. Discharge criteria vary considerably across treatment

protocols and this has a large impact on reported recovery rates

(Guesdon & Roberfroid, 2019). It is important to note that binary

anthropometric thresholds do not equate to nutritional recovery in all

children or in all contexts. Rather, anthropometry is a sliding scale

proxy for near‐term mortality risk, and there are a variety of other

recovery definitions that could be applied. We also know that

anthropometric recovery after wasting does not equate to immune

recovery and that postdischarge relapse, morbidity, and mortality

remain high, even in those discharged as fully recovered (Kerac et al.,

2014; Njunge et al., 2020; Stobaugh et al., 2019). Given that we see

anthropometric gains in children with WAZ <−3 but lower recovery

rates based on MUAC and WHZ, it may be appropriate to define

recovery based on WAZ for these admissions. A recent secondary

analysis found similarly worse treatment outcomes in children

admitted with severely low WAZ (<−3) when data from the

Combined Protocol for Acute Malnutrition Study (ComPAS) cluster

randomised controlled trial in Kenya and South Sudan (Bailey et al.,

2020, 2021) were analysed.

Lastly, our analysis found that both children with WAZ <−3 and

with WAZ ≥−3 can have modest gains in HAZ during CMAM

treatment. This is a more positive picture than seen in a follow‐up

of children who recovered from severe wasting in Niger, who saw

slight reductions in HAZ both during and after treatment (Isanaka

et al., 2019). We found that those with the greatest deficits in HAZ

had the greatest gains, as has been reported previously (Rao & Naidu,

1977). The flattest slope in HAZ growth plots was for children

admitted with moderate wasting, and these children are more likely

to receive a lower intensity of treatment. There is evidence that the

high bioavailability of essential amino acids is necessary to activate

F IGURE 2 Growth trajectories for different intensities of treatment Low‐intensity treatment = home foods/corn/soy blended flour (CSB).
Mid‐intensity treatment = supplementary food (RUSF), high intensity treatment = therapeutic food (RUTF). Note, these curves are not adjusted
for severity of deficit at admission, whereas the logistic regression in of treatment outcomes Appendix Table S9 is.
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signalling pathways and growth hormones necessary for catch‐up

growth (Semba et al., 2016). A study of reduced dosage of

therapeutic food for children with wasting in Burkina Faso saw

weight gain similar to standard dosage, but reduced linear growth

velocity (Kangas et al., 2019). This suggests a minimum intensity or

quality of treatment may be required to promote linear growth, or at

least maintain HAZ, in children with wasting, especially in those with

severely low WAZ.

4.1 | Limitations

This analysis does not capture all children with severely lowWAZ, only

those with wasting and severely low WAZ. Those children with

severely low WAZ who are not wasted must therefore be severely

stunted and are likely to be at particularly high risk of death (Myatt

et al., 2019). Prospective data on the response to treatment of children

with WAZ <−3 but not captured by current wasting programmes are

urgently needed. This limitation also affects the calculated increases in

caseload which are, therefore, an underrepresentation. Caseload

calculations also assume that the proportion of severely and

moderately wasted children in the datasets represents the natural

proportions of caseloads presenting for treatment, which is not

necessarily true given the likely differences in coverage and recruit-

ment practices. This analysis is also limited in its geographical

generalisability given the low representation in data from Asia, Latin

America and Oceania, and it only focuses on children over 6 months of

age despite infants under 6 months also having a high prevalence of

underweight and poor outcomes. Lastly, the results of treatment

outcomes are affected by variations in protocols between the studies,

particularly treatment protocols and admission/discharge criteria.

There is also heterogeneity within the intensity of treatment

categories, such as experimental vs standard LNS. Applying a standard

anthropometric definition of recovery across the datasets, which is

often more stringent than those used in the original studies, results in a

large proportion (between 12% and 30%) of children being defined as

“early discharge”. We do not know what the outcome for these

children would have been, had the programmes continued to treat

them based on the definition applied in this analysis. An alternative for

overcoming this limitation is to analyse the data using the various

outcome definitions that were applied by the original studies

(discharge criteria for each study are presented in Appendix

Table S3). When this analysis is run (Appendix Table S10 and S11),

our conclusions remain the same, however, the effect size of poor

outcomes for those with WAZ < ‐3 is diminished, which may be

important to consider for any future sample size calculations.

5 | CONCLUSION

This analysis supports evidence that children with wasting and

WAZ <−3 are even more vulnerable to mortality and do not achieve

traditional definitions of nutritional recovery as often as other wasted

children. Wasted children with WAZ <−3 do gain weight in a similar

pattern to other children with wasting, however, they have further to

catch up. Further field studies are needed to explore appropriate

definitions of nutritional recovery, non‐response cut‐offs, the

appropriate intensity of treatment, and the appropriate length of

support required for treating children with multiple anthropometric

deficits. This analysis also suggests that for wasted children with

severely low WAZ, longer or higher intensity treatment may be

needed. This is especially true for children with moderate wasting

and WAZ <−3, who are only eligible for low‐intensity treatment in

many settings. Children with severely low WAZ plus oedema likely

require the greatest support due to the highest mortality risk. An

intervention trial is needed to further explore these hypotheses and

must include nonwasted children with WAZ <−3, who are currently

not represented in available data from CMAM programmes.

AUTHOR CONTRIBUTIONS

Heather Stobaugh: created the call for data and conceived the study.

Heather Stobaugh, Gloria A. Odei Obeng‐Amoako, Natasha

Lelijveld, Stephanie V. Wrottesley and Tanya Khara: detailed the

protocol. All authors: reviewed the protocol and methods. Gloria A.

Odei Obeng‐Amoako: conducted the data cleaning and merging.

Gloria A. Odei Obeng‐Amoako and Natasha Lelijveld: conducted the

data analysis. Gloria A. Odei Obeng‐Amoako, Natasha Lelijveld and

Stephanie V. Wrottesley: wrote the first draft of the manuscript with

regular contributions from all authors. All authors: read and approved

the final manuscript.

ACKNOWLEDGEMENTS

Firstly, we thank the anonymous families and children that consented

to have their data included in the research and the staff that worked

hard to collect this data and provide care for children with

malnutrition. We also thank the primary investigators and institutions

who generously shared their data to make this analysis possible: Mark

Manary, Washington University in St Louis; Crystal Karakochuk,

Hospital for Sick Kids in Toronto, Kiran Bhatia and Sunita Taneja, SAS

India, Sanne Sigh, University of Copenhagen, and Kate Sadler at Valid

International.

This paper is made possible by funding from Irish Aid (grant

number HQPU/2020/ENN) and the generous support of the

American people through the United States Agency for International

Development (USAID). The contents are the responsibility of the

authors and do not necessarily reflect the views of Irish Aid or the

Irish Government or USAID or the United States Government.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

The full dataset cannot be made open access due to the presence of

participant identifiable content. However, underlying data, code and

supporting documentation for this paper are available by request.

A redacted version will be provided to interested parties, subject to

10 of 12 | ODEI OBENG‐AMOAKO ET AL.

 17408709, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

cn.13434 by T
am

pere U
niversity O

f T
ech T

ut, W
iley O

nline L
ibrary on [20/10/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



the signing of Data Transfer Agreements with each of the original

principal investigators. Inquires can be made to office@ennonline.net.

ORCID

Gloria A. Odei Obeng‐Amoako http://orcid.org/0000-0001-

5004-3701

Martha Mwangome http://orcid.org/0000-0003-4806-1307

Natasha Lelijveld http://orcid.org/0000-0002-8452-0198

REFERENCES

Bahwere, P., Akomo, P., Mwale, M., Murakami, H., Banda, C.,

Kathumba, S., Banda, C., Jere, S., Sadler, K., & Collins, S. (2017).
Soya, maize, and sorghum–based ready‐to‐use therapeutic food
with amino acid is as efficacious as the standard milk and peanut
paste–based formulation for the treatment of severe acute
malnutrition in children: A noninferiority individually randomized

controlled efficacy clinical trial in Malawi. The American Journal of

Clinical Nutrition, 106(4), 1100–1112. https://doi.org/10.3945/ajcn.
117.156653

Bahwere, P., Balaluka, B., Wells, J. C., Mbiribindi, C. N., Sadler, K.,
Akomo, P., Dramaix‐Wilmet, M., & Collins S. (2016). Cereals and

pulse‐based ready‐to‐use therapeutic food as an alternative to the
standard milk‐ and peanut paste‐based formulation for treating
severe acute malnutrition: A noninferiority, individually randomized
controlled efficacy clinical trial. American Journal of Clinical Nutrition,

103(4), 1145–1161. https://doi.org/10.3945/ajcn.115.119537
Bailey, J., Lelijveld, N., Khara, T., Dolan, C., Stobaugh, H., Sadler, K.,

Lino Lako, R., Briend, A., Opondo, C., Kerac, M., & Myatt, M. (2021).
Response to malnutrition treatment in low weight‐for‐age children:
Secondary analyses of children 6–59 months in the ComPAS cluster

randomized controlled trial. Nutrients, 13(4), 1054. https://doi.org/
10.3390/nu13041054

Bailey, J., Opondo, C., Lelijveld, N., Marron, B., Onyo, P., Musyoki, E. N.,
Adongo, S. W., Manary, M., Briend, A., & Kerac, M. (2020). A
simplified, combined protocol versus standard treatment for acute

malnutrition in children 6–59 months (ComPAS trial): A cluster‐
randomized controlled non‐inferiority trial in Kenya and South
Sudan. PLoS Medicine, 17(7), e1003192. https://doi.org/10.1371/
journal.pmed.1003192

Bhandari, N., Mohan, S. B., Bose, A., Iyengar, S. D., Taneja, S.,

Mazumder, S., Iyengar, K., Sachdev, H. S., Mohan, V. R.,
Suhalka, V., Yoshida, S., Martines, J., & Bahl, R. (2016). Efficacy of
three feeding regimens for home‐based management of children
with uncomplicated severe acute malnutrition: a randomised trial in

India. BMJ Global Health, 1(4), e000144. https://doi.org/10.1136/
bmjgh-2016-000144

Binns, P. J., Dale, N. M., Banda, T., Banda, C., Shaba, B., & Myatt, M.
(2016). Safety and practicability of using mid‐upper arm circumfer-
ence as a discharge criterion in community based management of

severe acute malnutrition in children aged 6 to 59 months
programmes. Archives of Public Health, 74, 24. https://doi.org/10.
1186/s13690-016-0136-x

Black, R. E., Victora, C. G., Walker, S. P., Bhutta, Z. A., Christian, P.,
de Onis, M., Ezzati, M., Grantham‐McGregor, S., Katz, J.,

Martorell, R., & Uauy, R., The Maternal and Child Nutrition Study
Group. (2013). Maternal and child undernutrition and overweight in
low‐income and middle‐income countries. The Lancet, 382(9890),
427–451. https://doi.org/10.1016/S0140-6736(13)60937-X

Chase, R. P., Kerac, M., Grant, A., Manary, M., Briend, A., Opondo, C., &

Bailey, J. (2020). Acute malnutrition recovery energy requirements
based on mid‐upper arm circumference: Secondary analysis of
feeding program data from 5 countries, combined protocol for acute
malnutrition study (ComPAS) Stage 1. PLoS One, 15(6), e0230452.

Christian, P., Lee, S. E., Donahue Angel, M., Adair, L. S., Arifeen, S. E.,
Ashorn, P., Barros, F. C., Fall, C. H., Fawzi, W. W., Hao, W., Hu, G.,
Humphrey, J. H., Huybregts, L., Joglekar, C. V., Kariuki, S. K.,
Kolsteren, P., Krishnaveni, G. V., Liu, E., Martorell, R., & Black, R. E.

(2013). Risk of childhood undernutrition related to small‐for‐
gestational age and preterm birth in low‐and middle‐income
countries. International Journal of Epidemiology, 42(5), 1340–1355.

Guesdon, B., & Roberfroid, D. (2019). Substandard discharge rules in
current severe acute malnutrition management protocols: An over-

looked source of ineffectiveness for programmes. Field Exchange

issue, 60, 29.
Hoaglin, D. C., Iglewicz, B., & Tukey, J. W. (1986). Performance of some

resistant rules for outlier labeling. Journal of the American Statistical

Association, 81(396), 991–999.
Hsieh, J.‐C., Liu, L., Zeilani, M., Ickes, S., Trehan, I., Maleta, K., Craig, C.,

Thakwalakwa, C., Singh, L., Brenna, J. T., & Manary, M. J. (2015).
High‐oleic ready‐to‐use therapeutic food maintains docosahexae-
noic acid status in severe malnutrition. Journal of Pediatric

Gastroenterology and Nutrition, 61(1), 138–143. https://doi.org/10.
1097/MPG.0000000000000741

Isanaka, S., Hitchings, M. D., Berthé, F., Briend, A., & Grais, R. F. (2019).
Linear growth faltering and the role of weight attainment: Prospec-
tive analysis of young children recovering from severe wasting in

Niger. Maternal & child nutrition, 15(4), e12817.
Kangas, S. T., Salpéteur, C., Nikièma, V., Talley, L., Ritz, C., Friis, H.,

Briend, A., & Kaestel, P. (2019). Impact of reduced dose of ready‐to‐
use therapeutic foods in children with uncomplicated severe acute
malnutrition: A randomised non‐inferiority trial in Burkina Faso. PLoS

Medicine, 16(8), e1002887.
Karakochuk, C., van den Briel, T., Stephens, D., & Zlotkin, S. (2012).

Treatment of moderate acute malnutrition with ready‐to‐use
supplementary food results in higher overall recovery rates
compared with a corn‐soya blend in children in Southern Ethiopia:

An operations research trial. American Journal of Clinical Nutrition,
96(4), 911–916. https://doi.org/10.3945/ajcn.111.029744

Kerac, M., Bunn, J., Chagaluka, G., Bahwere, P., Tomkins, A., Collins, S., &
Seal, A. (2014). Follow‐up of post‐discharge growth and mortality
after treatment for severe acute malnutrition (FuSAM study): A

prospective cohort study. PLoS One, 9(6), e96030.
Khara, T., Mwangome, M., Ngari, M., & Dolan, C. (2018). Children

concurrently wasted and stunted: A meta‐analysis of prevalence
data of children 6‐59 months from 84 countries. Maternal & Child

Nutrition, 14(2), e12516. https://doi.org/10.1111/mcn.12516
LaGrone, L. N., Trehan, I., Meuli, G. J., Wang, R. J., Thakwalakwa, C.,

Maleta, K., & Manary, M. J. (2012). A novel fortified blended flour,
corn‐soy blend “plus‐plus,” is not inferior to lipid‐based ready‐to‐use
supplementary foods for the treatment of moderate acute mal-

nutrition in Malawian children. American Journal of Clinical Nutrition,
95(1), 212–219. https://doi.org/10.3945/ajcn.111.022525

Lelijveld, N., Godbout, C., Krietemeyer, D., Los, A., Wegner, D.,
Hendrixson, D. T., Bandsma, R., Koroma, A., & Manary, M. (2021).
Treating high‐risk moderate acute malnutrition using therapeutic
food compared with nutrition counseling (Hi‐MAM Study): A cluster‐
randomized controlled trial. The American Journal of Clinical Nutrition,

114, 955–964.

McDonald, C. M., Olofin, I., Flaxman, S., Fawzi, W. W., Spiegelman, D.,
Caulfield, L. E., Black, R.E., Ezzati, M., & Danaei, G., Nutrition
Impact Model Study. (2013). The effect of multiple anthropomet-
ric deficits on child mortality: Meta‐analysis of individual data in
10 prospective studies from developing countries. American

Journal of Clinical Nutrition, 97(4), 896–901. https://doi.org/10.
3945/ajcn.112.047639

Mertens, A., Benjamin‐Chung, J., Colford, J. M., Hubbard, A. E.,
van der Laan, M. J., Coyle, J., Sofrygin, O., Cai, W., Jilek, W.,
Rosete, S., Nguyen, A., Pokpongkiat, N. N., Djajadi, S., Seth, A.,

ODEI OBENG‐AMOAKO ET AL. | 11 of 12

 17408709, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

cn.13434 by T
am

pere U
niversity O

f T
ech T

ut, W
iley O

nline L
ibrary on [20/10/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

mailto:office@ennonline.net
http://orcid.org/0000-0001-5004-3701
http://orcid.org/0000-0001-5004-3701
http://orcid.org/0000-0003-4806-1307
http://orcid.org/0000-0002-8452-0198
https://doi.org/10.3945/ajcn.117.156653
https://doi.org/10.3945/ajcn.117.156653
https://doi.org/10.3945/ajcn.115.119537
https://doi.org/10.3390/nu13041054
https://doi.org/10.3390/nu13041054
https://doi.org/10.1371/journal.pmed.1003192
https://doi.org/10.1371/journal.pmed.1003192
https://doi.org/10.1136/bmjgh-2016-000144
https://doi.org/10.1136/bmjgh-2016-000144
https://doi.org/10.1186/s13690-016-0136-x
https://doi.org/10.1186/s13690-016-0136-x
https://doi.org/10.1016/S0140-6736(13)60937-X
https://doi.org/10.1097/MPG.0000000000000741
https://doi.org/10.1097/MPG.0000000000000741
https://doi.org/10.3945/ajcn.111.029744
https://doi.org/10.1111/mcn.12516
https://doi.org/10.3945/ajcn.111.022525
https://doi.org/10.3945/ajcn.112.047639
https://doi.org/10.3945/ajcn.112.047639


Jung, E., Chung, E. O., Malenica, I., Hejazi, N., Li, H., & Arnold, B. F.
(2020). Child wasting and concurrent stunting in low‐ and middle‐
income countries. medRxiv, 2020(2006), 2009–20126979. https://
doi.org/10.1101/2020.06.09.20126979

Murray, C. J. L., Aravkin, A. Y., Zheng, P., Abbafati, C., Abbas, K. M.,
Abbasi‐Kangevari, M., & Lim, S. S. (2020). Global burden of 87 risk
factors in 204 countries and territories, 1990–2019: A systematic
analysis for the Global Burden of Disease Study 2019. The Lancet,
396(10258), 1223–1249. https://doi.org/10.1016/S0140-6736(20)
30752-2

Myatt, M., Khara, T., Dolan, C., Garenne, M., & Briend, A. (2019).
Improving screening for malnourished children at high risk of death:
A study of children aged 6–59 months in rural Senegal. Public Health
Nutrition, 22(5), 862–871.

Myatt, M., Khara, T., Schoenbuchner, S., Pietzsch, S., Dolan, C.,
Lelijveld, N., & Briend, A. (2018). Children who are both wasted
and stunted are also underweight and have a high risk of death: A
descriptive epidemiology of multiple anthropometric deficits using
data from 51 countries. Archives of Public Health, 76(1), 28.

Njunge, J. M., Gonzales, G. B., Ngari, M. M., Thitiri, J., Bandsma, R. H., &
Berkley, J. A. (2020). Systemic inflammation is negatively associated
with early post discharge growth following acute illness among
severely malnourished children‐a pilot study. Wellcome Open

Research, 5, 5.
Oakley, E., Reinking, J., Sandige, H., Trehan, I., Kennedy, G., Maleta, K., &

Manary, M. (2010). A ready‐to‐use therapeutic food containing 10%
milk is less effective than one with 25% milk in the treatment of
severely malnourished children. The Journal of Nutrition, 140(12),

2248–2252. https://doi.org/10.3945/jn.110.123828
Osendarp, S., Akuoku, J. K., Black, R. E., Headey, D., Ruel, M., Scott, N.,

Shekar, M., Walker, N., Flory, A., Haddad, L., Laborde, D.,
Stegmuller, A., Thomas, M., & Heidkamp, R. (2021). The COVID‐19
crisis will exacerbate maternal and child undernutrition and child

mortality in low‐ and middle‐income countries. Nature Food, 2(7),
476–484. https://doi.org/10.1038/s43016-021-00319-4

Rao, D. H., & Naidu, A. N. (1977). Nutritional supplementation—Whom
does it benefit most? The American Journal of Clinical Nutrition,
30(10), 1612–1616.

Scrimshaw, N. S., & Viteri, F. E. (2010). INCAP studies of kwashiorkor and
marasmus. Food and nutrition bulletin, 31(1), 34–41.

Semba, R. D., Trehan, I., Gonzalez‐Freire, M., Kraemer, K., Moaddel, R.,
Ordiz, M. I., Ferrucci, L., & Manary, M.J. (2016). Perspective: The

potential role of essential amino acids and the mechanistic target of
rapamycin complex 1 (mTORC1) pathway in the pathogenesis of
child stunting. Advances in Nutrition, 7(5), 853–865.

Sigh, S., Roos, N., Chamnan, C., Laillou, A., Prak, S., & Wieringa, F. T.
(2018). Effectiveness of a locally produced, fish‐based food product

on weight gain among Cambodian children in the treatment of acute

malnutrition: A randomized controlled trial. Nutrients, 10(7), 909.
https://doi.org/10.3390/nu10070909

Stobaugh, H. C., Mayberry, A., McGrath, M., Bahwere, P., Zagre, N. M.,
Manary, M. J., Black, R., & Lelijveld, N. (2019). Relapse after severe

acute malnutrition: A systematic literature review and secondary
data analysis. Maternal & Child Nutrition, 15(2), e12702.

Stobaugh, H. C., Ryan, K. N., Kennedy, J. A., Grise, J. B., Crocker, A. H.,
Thakwalakwa, C., Litkowski, P.E., Maleta, K.M., Manary, M.J., &
Trehan, I. (2016). Including whey protein and whey permeate in

ready‐to‐use supplementary food improves recovery rates in
children with moderate acute malnutrition: A randomized, double‐
blind clinical trial. American Journal of Clinical Nutrition, 103(3),
926–933. https://doi.org/10.3945/ajcn.115.124636

Thurstans, S., Sessions, N., Dolan, C., Sadler, K., Cichon, B., Isanaka, S.,

Roberfroid, D., Stobaugh, H., Webb, P., & Khara, T. (2021). The
relationship between wasting and stunting in young children: A
systematic review. Maternal & Child Nutrition, 18, e13246. https://
doi.org/10.1111/mcn.13246

Trehan, I., Goldbach, H. S., LaGrone, L. N., Meuli, G. J., Wang, R. J.,

Maleta, K. M., & Manary, M. J. (2013). Antibiotics as part of the
management of severe acute malnutrition. New England Journal of

Medicine, 368, 425–435. https://doi.org/10.1056/NEJMoa1202851
Victora, C. G., Christian, P., Vidaletti, L. P., Gatica‐Domínguez, G.,

Menon, P., & Black, R. E. (2021). Revisiting maternal and child
undernutrition in low‐income and middle‐income countries: Variable
progress towards an unfinished agenda. The Lancet, 397(10282),
1388–1399.

WHO. (2009). WHO AnthroPlus for personal computers manual. Software

for Assessing Growth of the World's Children and Adolescents. WHO.

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Odei Obeng‐Amoako, G. A.,

Stobaugh, H., Wrottesley, S. V., Khara, T., Binns, P., Trehan, I.,

Black, R. E., Webb, P., Mwangome, M., Bailey, J., Bahwere, P.,

Dolan, C., Boyd, E., Briend, A., Myatt, M. A., & Lelijveld, N.

(2022). How do children with severe underweight and

wasting respond to treatment? A pooled secondary data

analysis to inform future intervention studies. Maternal &

Child Nutrition, e13434. https://doi.org/10.1111/mcn.13434

12 of 12 | ODEI OBENG‐AMOAKO ET AL.

 17408709, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

cn.13434 by T
am

pere U
niversity O

f T
ech T

ut, W
iley O

nline L
ibrary on [20/10/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1101/2020.06.09.20126979
https://doi.org/10.1101/2020.06.09.20126979
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.3945/jn.110.123828
https://doi.org/10.1038/s43016-021-00319-4
https://doi.org/10.3390/nu10070909
https://doi.org/10.3945/ajcn.115.124636
https://doi.org/10.1111/mcn.13246
https://doi.org/10.1111/mcn.13246
https://doi.org/10.1056/NEJMoa1202851
https://doi.org/10.1111/mcn.13434



