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Abstract

Children who receive therapeutic feeding for wasting treatment but do not reach the
anthropometric definitions of recovery (usually within 12—16 weeks) are categorised as
‘non-responders’ and considered as treatment failures. We conducted a pooled analysis to
explore the growth trajectories of non-responders and the appropriateness of the definition
of ‘non-response’ We pooled 14 studies of children aged 6-59 months receiving treat-

ment for wasting. We included children classified by their studies as recovered or as non-
responders. Observing the pooled data of non-responders’ mid-upper arm circumference
(MUAC), weight, weight-for-age z-score, weight-for-height z-score and daily weight gain rate,
we found that the first quartile differentiated those who did not grow at all versus those that
demonstrated some growth. We therefore defined ‘low growth non-responders’ as < 25™ per-
centile anthropometric gain between admission and exit using the non-responders’ pooled
study data, and ‘high growth non-responders’ as > 25" percentile gain. We plotted the growth
trajectories of MUAC-, weight- and height-related indices of the recovered, high growth

and low growth non-responder groups over time using mixed effects generalised additive
models. We compared age, sex and anthropometric characteristics of the three groups

and explored predictors of non-response category using a multivariate multinomial logistic
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regression model. For all outcomes, the high growth non-responders started with a worse
anthropometric status compared to those who recovered, but then tracked along a near-
parallel growth trajectory. The low growth non-responders showed limited growth throughout
treatment. High growth non-responders are better viewed as ‘delayed responders’ and may
need to be kept longer under treatment to recover and reduce the risks from early discharge.
Low growth non-responders are the true treatment failures and should be referred for further
investigations as quickly as possible. In conclusion, non-responders are not a homogenous
group; ~75% of them respond well to treatment and ~25% are treatment failures.

Background

Globally in 2022, acute malnutrition affected 45 million children aged under 5 years worldwide,
including 14 million with severe wasting [1]. These figures are likely to be underestimates [2].
Undernutrition is an underlying cause of nearly half of all deaths among children under 5 years of
age [3] and a leading risk factor for disability-adjusted life-years lost in low- and middle- income
countries [4].

Mid-upper arm circumference (MUAC) and weight-for-height z-score (WHZ) are two indi-
rect and imperfect indicators used as proxies to assess a child’s overall nutritional status, catego-
rise the severity of wasting, admit patients into acute malnutrition management programmes, and
discharge them from treatment. Low MUAC and WHZ are both predictive of increased mortality
risk [5] and retain great practical utility in operational programmes. Most community-based
management of acute malnutrition (CMAM) protocols for treatment of wasting require children
to reach MUAC > 125mm, and/or weight-for-height z-score (WHZ) > -2, generally for two
consecutive visits, to be categorised as ‘recovered’ before discharge from therapeutic feeding. In
the recently updated World Health Organization (WHO) 2023 guidelines [6], the recommended
discharge criteria for children aged 6-59 months with severe wasting and/or nutritional oedema is
reaching both WHZ > -2 and MUAC > 125mm, with an absence of nutritional oedema, for two
consecutive weeks. The evidence to define discharge criteria using anthropometric indices has
historically focused on the association of low MUAC with increased mortality for children, along-
side the expected normal distribution of anthropometric indices at the population level.

Children who receive therapeutic feeding but do not reach the anthropometric defini-
tions of recovery within a specified timeframe are generally categorised as ‘non-responders’
and considered as treatment failures. Many CMAM programmes use a pragmatic maximum
length of stay in the programme that varies by context, but typically ranges from 12-16 weeks;
some children are therefore discharged without reaching definitions of recovery. There has
been some investigation into the predictors of non-response [7,8], but to our knowledge, a
robust enquiry into the definition and growth trajectories of non-response using a global rep-
resentation of treatment programmes has not been conducted previously.

Within CMAM programmes, we hypothesise that children classified as ‘non-responders’
are not homogeneous and may have different patterns of growth trajectories. Some may
indeed not be growing at all, some may be slow to respond to treatment and need more time
to recover, and others may be responding well and plateau in their growth just shy of the
‘recovery’ cut-off because they have reached their growth potential.

We conducted a pooled analysis of individual patient data to interrogate the appropriate-
ness of existing definitions of ‘non-response’ for children receiving therapeutic feeding for
wasting treatment. Our three main objectives were:

i) to describe the patterns of growth among children classified as non-responders compared
to those classified as recovered;
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ii) to evaluate whether the programmatic maximum length of treatment (typically 12-16
weeks) is appropriate for categorising recovery and non-response; and,

iii) to describe the characteristics of non-responders at admission and assess their utility in
predicting which children respond to treatment.

Methods
Study design

We conducted secondary analyses using a pooled dataset of 14 studies.

Participants/ studies

The pooled dataset comprised 14 individual studies that contained data on children who
received treatment for wasting. Eleven of these [9-19] were originally included in a previous
analysis by the Wasting and Stunting Technical Interest Group (WaSt TIG) [20]. We added
data from three additional studies [21-24]. S1 Table provides information on the 14 included
studies, detailing the country, study design, intervention protocol, admission and exit criteria,
and maximum length of stay in study, alongside the published reference for further contextual
information.

Datasets were eligible for inclusion if they met the following criteria:

i) Data were collected as part of a research study. Routine programme data were excluded.

ii) Provided individual child-level data for children aged 6-59 months admitted for outpa-
tient management of uncomplicated moderate or severe wasting.

iii) Were described within a peer-reviewed article containing details of the study setting, pro-
gramme implementation, data collection and original ethical approval.

iv) Included a minimum set of variables (child age, weight, height/length, MUAC and oedema
status at admission and follow-up visit, date of treatment admission, date of each follow-up
visit, type of nutritional treatment received, description of treatment outcome at exit).

Data cleaning

We respected each study’s own final classification of children when they were discharged from
the nutrition programme (study exit). We excluded children with oedema because their need
to resolve fluid retention as part of their recovery adds a layer of complexity when handling
MUAC- and weight- related indices. We also excluded follow-up visits of children which did
not record any anthropometric measurements. At each visit, implausible height/length values
(>120 cm or <60 cm), MUAC values (>200 mm or <70 mm), and weight values (<3.5kg or
>40kg) were assigned a missing value. Z-scores were calculated for WHZ, WAZ, MUAC-for-
age z-score (MUACZ) and height-for-age z-score (HAZ) based on the WHO (2006) growth
standards [25], performed in R using the “zscorer” package [26]. Z-score outliers for WHZ,
WAZ, MUACZ and HAZ were defined by a boxplot method [27] and assigned a missing
value. Time points showing a negative difference of length/height between two visits were
assigned a missing value. We defined implausible anthropometric differences between two
weekly visits as weight>+1.5kg, MUAC>+15mm and height >1.5cm.

We included all children who were classified by their studies as recovered or as non-
responders. Upon investigation of children with an ‘unknown’ outcome, we found their
median length of follow- up to be 16 weeks and decided to re-classify them rather than

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003741  February 12, 2025 3/21




PLOS GLOBAL PUBLIC HEALTH Re-thinking “non-response” to wasting treatment

exclude them. As the criteria for anthropometric recovery in all but one of the studies were
based on either reaching a MUAC 2125mm or a WHZ >-2, children with either of those
anthropometric parameters and without oedema upon their exit visit were re-classified as
recovered, and those who had not reached either of those anthropometric criteria after at least
12 weeks of follow-up were re-classified as non-responders. The same procedure was used

to re-classify defaulters. We excluded children classified as unknown or defaulters who had a
length of stay less than 12 weeks. We excluded children who died or were transferred out of
their treatment programme for medical reasons.

Data analyses

We summarised the descriptive statistics of age, sex and anthropometric indices of children
on study admission and exit. Anthropometric indices included weight, MUAC, height,
WHZ, HAZ, WAZ, MUACZ, concurrent wasting and stunting (WaSt) and degree of wasting.
For the latter, we defined severe wasting without oedema as WHZ <-3 or MUAC <115mm.
We defined moderate wasting as WHZ > -3 and <-2, or MUAC 2 115mm and < 125mm.

We defined those children with WaSt as having both WHZ<-2 and HAZ<-2. We calculated
the change in several anthropometric indicators between study admission and exit: weight
gain (absolute and g/kg/day), and change in MUAC, weight, height, WHZ, WAZ, HAZ and
MUACZ. We also summarised the length of stay in the nutritional programme in weeks, and
caretaker reported morbidity at any point in the study (diarrhoea, cough, fever, vomiting and/
or rash, malaria). We present binary and categorical variables as N (%) and continuous vari-
ables as median (interquartile range; IQR).

First, we compared the above variables between the recovered children and the non-
responders, testing differences between the two groups using a chi-squared test for binary and
categorical variables and a Kruskal-Wallis test to compare continuous variables. We found
that for several anthropometric outcomes (e.g., absolute MUAC gain, absolute WHZ gain) the
median values between the two groups were similar although the IQRs differed. Intriguingly,
the IQR of the non-responders showed that children in the first quartile were not growing at
all (e.g., absolute gain near zero), but that three-quarters of the children were indeed grow-
ing. We therefore split the non-responder group into two further categories: low growth
non-responders (‘low growth NR’) and high growth non-responders (‘high growth NR’). We
defined these two groups using thresholds derived from absolute MUAC, absolute weight,
WAZ, WHZ and daily weight gain rate. For each of these anthropometric outcomes we
defined low growth NR as children whose anthropometric gain between admission and exit
was < 25" percentile (first quartile) for non-responders’ pooled data. We defined high growth
NR as children who gained > 25™ percentile. For example, the 25" percentile of MUAC
gain from admission to exit for non-responders was 2mm, so the low growth NR group for
this outcome included children with a MUAC gain <2mm and the high growth NR group
included children with a MUAC gain >2mm.

We plotted the growth of the recovered, high growth and low growth NR groups over time,
using mixed effects generalised additive models that accounted for clustering at the individual
level. We plotted the growth trajectories of MUAC, weight, WHZ, WAZ, HAZ and height.

We fitted models with a smoothing term using penalised regression splines and 95% confi-
dence intervals. Covariates included the three exit categories (recovered, high growth NR, low
growth NR) and interaction terms between the exit category and time. For growth trajectories
of MUAC and weight we adjusted for the child’s age at admission. We ran separate models to
show the results for each definition of the high growth NR and low growth NR groups (i.e.,
using the 25" percentile threshold of gain in MUAC, weight WAZ, WHZ and daily weight
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gain, as described above). We used the “mgcv” R package [28] to perform the models and the
“itsadug” R package [29] to represent the modelled curves.

Given similarity of growth curves regardless of which anthropometric threshold was used
to define the high growth NR and low growth NR groups, we continued our explorations just
using the MUAC gain threshold. We chose MUAC gain as a practical indicator for further
exploration as this anthropometric measurement is very commonly used in CMAM pro-
grammes, and sometimes used as the stand-alone admission and discharge criterion.

We compared age, sex and anthropometric characteristics of the recovered, high growth
NR and low growth NR groups. For each variable we tested the difference between the high
growth NR vs. recovered group and the low growth NR vs. recovered groups using the Wald
test from univariate multinomial logistic regression. We explored the growth trajectories of
the three categories of children according to whether the children had been admitted with
severe wasting or moderate wasting.

Finally, to explore whether it was possible to predict which children were likely to be high
growth NR or low growth NR versus recovered, we created a multivariate multinomial logistic
regression model. This model compared the odds of being in the high growth NR or low
growth NR groups at study exit, compared to being recovered, adjusting for all included vari-
ables. After assessing variables for multicollinearity by using the variance inflation factor (VIF;
ensuring VIF <1.5), we included the following variables: sex, age category, MUAC category at
admission, WHZ category at admission, WAZ category at admission, reported morbidity at
any point in the study follow-up, no MUAC gain in first month, and no weight gain in first
month. We checked the model accuracy and the area under the curve using the “tidymodels”
R package [30].

All analyses were performed with R software and packages, version 4.2.3 [31]

Ethical considerations

All datasets contributing to the pooled analyses came from research studies where ethical
approval had been originally sought and granted, where principal investigators had agreed
with a data sharing agreement for datasets to be included in the analyses for this paper, and
where principal investigators confirmed that all planned analyses were within scope of the
original ethical clearance. Full details of ethical clearance for all 14 studies are provided in S1
Table. All data was anonymised by individual principal investigators prior to sharing the data
for compilation in the pooled dataset. The statistician (CC) was the only one with access to the
pooled dataset and had no access to information that could identify individual participants
throughout data analysis.

Results

In Fig 1 we show the flowchart for children included in this analysis. Starting with a total of
22,685 children from the 14 contributing studies, we excluded 4,631 children with oedema
at admission and excluded a further 2,084 children who had either died, been transferred
out of their studies, or had been in the defaulter or unknown category with a length of stay
<12 weeks. This provided us with 15,970 children for the analyses. Using the original study
definitions, after excluding children with oedema, 9.6% of children were categorised as
non-responders.

We provide a detailed breakdown of individual study characteristics and outcomes in S1
and S2 Tables. In S3 Table we show overall, and by recovered versus non-responder categories,

the age, sex and anthropometric characteristics of children on study admission, anthropomet-
ric characteristics on exit from the study, study follow-up characteristics, and anthropometric
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Children from 14 studies included in pooled dataset

N=22,685
Recovered 16,491 (72.7%)
Defaulters 2,019 (8.9%)
Non-responders 1,862 (8.2%)
Unknown status 943 (4.2%)
Transferred 924 (4.1%)
Died 446 (2.0%)

Exclusions:

[ 5
¢ " | Children with oedema at baseline:

4,631

N=18,054
Recovered 12,456 (69%)
Defaulters 1,844 (10.2%)
Non-responders 1,737 (9.6%)
Unknown status 923 (5.1%)
Transferred 812 (4.5%)
Died 282 (1.6%)

}

Re-categorisations:
Defaulters re-classified as recovered!: 801
Defaulters re-classified as non-responder?: 192
Unknown re-classified as recovered!: 470
Unknown re- classified non-responder?: 314

Exclusions:

I Defaulters excluded?: 851
v " | Unknown excluded3: 139
Transfers excluded: 812
Died excluded: 282

Children included in analysis

N=15,970
Recovered 13,727 (86%)
Non-responders 2,243 (14%)

Fig 1. Flow chart. 'For those children re-categorised, recovered refers to children who had at least one anthropo-
metric criterion above the threshold of the WHO definition of acute malnutrition (MUAC >125mm or WHZ >-2) at
the point of discharge from the nutritional programme, alongside the absence of any other criterion of severe wasting
(i.e., MUAC=115mm and WHZ>-3 and no oedema), with a minimum length of stay of 12 weeks. *For those children
re-categorised, non-responder refers to children who had both MUAC and WHZ below the threshold of the WHO
definition of acute malnutrition (MUAC <125mm and WHZ <-2) at the point of discharge from the nutritional pro-
gramme, with a minimum length of stay of 12 weeks. *Defaulters and unknown status with length of stay <12 weeks.

https://doi.org/10.1371/journal.pgph.0003741.9001

changes between study admission and exit. Compared to children who recovered, non-
responders were slightly younger, and had a higher proportion of those with severe wasting
and WaSt on admission. Non-responders had a worse WHZ, WAZ, MUAC, MUACZ on
enrolment than those who recovered. The same proportion of non-responders and recovered
children reported at least one morbidity over the follow-up.

Characteristics of high growth and low growth non-responders. In Table 1 we show
descriptive statistics and univariate multinomial logistic regression results for the three groups
of children. Compared with children who recovered, the high growth NR group were younger
and were admitted into the programme in a worse nutritional status for all anthropometric
parameters except HAZ. Over three-quarters of high growth NR were severely wasted on
admission. High growth NR had a higher median gain in MUAC, weight, MUACZ, WAZ,
HAZ and a similar median WHZ gain, but with a length of stay of about 10 weeks longer.
They had a lower weight gain rate but a higher absolute height and HAZ gain. Both groups
showed a similar level of morbidity. In the low growth NR group, half of the children were
severely wasted and half were moderately wasted on admission. Compared to children who
recovered, children in the low growth NR group were slightly older. They had a marginally
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worse nutritional status at admission by WHZ, MUACZ, and WAZ, but a similar median
MUAC and HAZ. Although their growth in all indices involving weight and MUAC was
minimal, they displayed a higher absolute height and HAZ gain, and reported greater
morbidity.

Growth curves

When comparing anthropometry (MUAC, weight, WHZ, and WAZ) over the duration of
treatment, growth between those considered recovered and those considered non-responders
showed a near parallel trajectory (Fig 2). The main difference between the two groups was
that non-responders started with lower anthropometric values at admission (S3 Table).

Fig 3 compares the growth trajectories of children’s MUAC, weight, WHZ and WAZ over
the treatment duration disaggregated into three groups: 1) recovered children, 2) high growth
NR, and 3) low growth NR. After disaggregating out those with the least amount of growth
(i.e., the low growth NR), trajectories of the high growth NR remained in parallel to those that
recovered in the first half of treatment, with a slightly smaller gap between the two groups in
the second half of treatment, signifying slightly faster catch-up growth among this group of
high growth NR. In contrast, the low growth NR trajectory was distinct from both the recov-
ered and high growth NR groups, showing limited growth throughout treatment. Notably, the
low growth NR group started with moderate wasting by MUAC and WHZ on admission but
ended with the lowest anthropometry among the three groups upon discharge.

Growth curves where high growth NR and low growth NR were defined by the 25" percen-
tile of median absolute weight gain (S1 Fig A-D), median daily weight gain rate (S2 Fig A-D),
median WAZ gain (S3 Fig A-D), and median WHZ gain (54 Fig A-D) show similar patterns to
those described above.

Trajectories of HAZ and absolute height gain over time, with the high growth NR and low
growth NR groups defined by MUAC gain and daily weight rate gain thresholds (S5 Fig A-D),
and by WHZ and WAZ gain thresholds (S6 Fig A-D) demonstrate all groups increased in
absolute height and HAZ over time. When using the thresholds of MUAC gain, daily weight
gain rate, and WAZ gain, there was no difference in trajectories of HAZ and absolute height
between the three groups. When classifying groups using the WHZ threshold, the low growth
NR group experienced a slightly faster rate of HAZ gain from week 10 onwards.

We show the growth trajectories of the three groups of children according to whether they
were admitted with severe wasting (Fig 4) or moderate wasting (Fig 5). In each scenario the
growth trajectories of the three groups were similar to as described above (Fig 3).

For children with severe wasting on admission, the high growth NR took two months for
their mean MUAC to cross >115mm, and two weeks for their WHZ to cross >-3. It took them
over 3 months of treatment to reach WAZ >-3. The low growth NR group remained severely
wasted and very severely underweight (mean WAZ < -3.5) at discharge. For children with
moderate wasting on admission the high growth NR increased their MUAC, weight, WHZ
and WAZ steadily over the whole treatment time but had a slightly slower growth rate than
the recovered children in the first 3-4 weeks and almost reached standard recovery cutoffs
of WHZ and MUAC by week 14. Low growth NR remained moderately wasted and severely
underweight throughout their treatment.

Predictors of being in the high growth or low growth NR groups. Regarding
potential predictors of being in the different groups (Fig 6), there were three co-variates
that differentiated between the risk of being in the low growth NR group compared to
being in the high growth NR group (i.e., factors resulting in different directions of effect
sizes between the high growth NR and low growth NR groups, compared to children who
recovered). Firstly, sex of child: compared to the recovered children, boys had reduced odds

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003741  February 12, 2025 9/21




PLOS GLOBAL PUBLIC HEALTH Re-thinking “non-response” to wasting treatment

[

justedfor ageatbselne

Mo M5 w1 1

MUAC (mm)adi

§i
30 25 20
1}

H

ez

30 25 20 45 40 O

Fig 2. Panel of modelled adjusted weekly means of a) MUAC, b) weight, c) WHZ and d) WAZ over time compar-
ing children classified as recovered with non-responders. MUAC, mid-upper-arm circumference; WAZ, weight-
for-age z-score; WHZ, weight-for-height z-score.

https://doi.org/10.1371/journal.pgph.0003741.9002

Fig 3. Panel of modelled adjusted weekly means of a) MUAC, b) weight, c) WHZ and d) WAZ over time using

25" percentile of MUAC gain to define high growth non-responders (MUAC 225" percentile; >2mm) and low
growth non-responders (MUAC <25% percentile; <2mm). MUAC, mid-upper-arm circumference; WAZ, weight-
for-age z-score; WHZ, weight-for-height z-score.

https:/doi.org/10.1371/journal.pgph.0003741.9003
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Fig 4. Panel of modelled adjusted weekly means of a) MUAC, b) weight, c) WHZ and d) WAZ over time using
25" percentile of MUAC gain to define high growth non-responders (MUAC >25" percentile; >2mm) and low
growth non-responders (MUAC <25 percentile; <2mm) in children with severe wasting'at baseline. MUAC,
mid-upper-arm circumference; WAZ, weight-for-age z-score; WHZ, weight-for-height z-score. !Severe wasting
defined as WHZ <-3 or MUAC <115mm.

https://doi.org/10.1371/journal.pgph.0003741.9004
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Fig 5. Panel of modelled adjusted weekly means of a) MUAC, b) weight, c) WHZ and d) WAZ over time using
25" percentile of MUAC gain to define high growth non-responders (MUAC 225" percentile; >2mm) and low
growth non-responders (MUAC <25% percentile; <2mm) in children with moderate wasting' at baseline. MUAC,
mid-upper-arm circumference; WAZ, weight-for-age z-score; WHZ, weight-for-height z-score. ' Moderate wasting
defined as WHZ > -3 and <-2, or MUAC = 115mm and < 125mm.

https://doi.org/10.1371/journal.pgph.0003741.9005
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Fig 6. Multivariate multinomial logistic regression using 25" percentile of MUAC gain to define high growth
non-responders (MUAC 225" percentile; >2mm) and low growth non-responders (MUAC <25% percentile;
<2mm). Reference group are the recovered children. Odds Ratio >1 indicate increased odds of being in either the
high growth non-responder or low growth non-responder group compared to being recovered. P values show the
Wald test result after all variables in model adjusted for. MUAC, mid-upper-arm circumference; WHZ, weight for-
height/length z-score; WAZ=weight-for-age z score. Morbidity includes diarrhoea, cough, fever, vomiting and/or
rash, malaria at inclusion or during follow-up.

https://doi.org/10.1371/journal.pgph.0003741.9006

of being in the high growth NR group relative to girls. However, there was no difference

by sex in the odds of being in the low growth NR group. Secondly, MUAC at admission:
compared to the recovered group, higher MUAC categories at admission reduced the odds
of being in the high growth NR group, relative to the lowest MUAC category (<110mm). In
contrast, MUAC category at admission made no difference to the odds of being in the low
growth NR group, apart from having a MUAC of 115-119 mm, which increased the odds
relative to the MUAC <110mm category. Thirdly, WAZ at admission: compared to the
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children who recovered, being severely underweight (WAZ <-3) at admission increased the
odds of being in the low growth NR group, relative to children with WAZ > -3. Yet there
was no difference in the odds of being in the high growth NR group by WAZ category at
admission.

All the other model co-variates did not specifically differentiate between the risk of being in
the high growth NR or low growth NR groups, compared to recovered children. However, the
following co-variates were all associated both with increased odds of being in the high growth
NR group and increased odds of being in the low growth NR group compared to recovered
children: WHZ <-3 vs. WHZ > -3, any history of morbidities vs. none, no MUAC gain in the
first month, and no weight gain in the first month. Compared to the youngest age bracket
(6-11 months), older children had reduced odds of being in both the high growth NR and low
growth NR groups compared to recovered children. Overall, the model accuracy was 87.7%
and had an area under the curve of 74.1% (Fig 7).

Discussion
High growth non-responders are treatment successes rather than failures

Our data show that ‘non-responders’ are not a homogeneous group and illustrate the need
to differentiate between those who experience minimal growth over the treatment duration
(low growth NR group) versus those who are responding to treatment, as shown by the high
growth NR group. Indeed, this latter group should be viewed as treatment successes, since
their growth curves show they are growing just as well as the children who recover, following
the same trajectory, but starting with a worse anthropometric status. At the group level, we
did not see any evidence to suggest children categorised as high growth NR had reached the
limits of their growth.

Given we divided the original non-responders into high growth NR and low growth
NR using the 25" percentile of various anthropometric outcomes, approximately 75% of
‘non responders’ seem to be responding to treatment very well. By regarding them as ‘non-
responders’ instead of children who are responding well to treatment, we potentially risk
discharging them too early, as well as underestimating the overall effectiveness of therapeutic
feeding programmes.

Low growth NR
— High growth NR
/ Recovered

sensitivity

050
1- specificity

Fig 7. Area under the ROC of the multivariate multinomial logistic regression model corresponding to Fig 6.
Model accuracy = 87.7%. Area under the ROC=74.1%.

https://doi.org/10.1371/journal.pgph.0003741.9007
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High growth non-responders may require longer to recover

Children who recovered started to slow their rate of growth of MUAC, WAZ and WHZ after
3-4 weeks of treatment and then gradually began to plateau around the common thresholds
of recovery for MUAC (125mm) and WHZ (-2 z-scores), and at approximately -2.5 z-scores
for WAZ. Similar growth patterns have been previously documented for MUAC [22,32], WAZ
[20,32] and WHZ [20]. This supports the rationale that gradual plateauing after a period of
growth may be an indicator of appropriate discharge, given that we do not see significant
growth gains thereafter.

Using this logic, we propose that the high growth NR group may need to be kept longer
under treatment to enable them to chance to reach a plateau in their growth, given there
was no indication of them reaching a growth plateau in our data. Looking at the MUAC
growth trajectory of the high growth NR group as an example (Fig 3A), children admit-
ted with a very low MUAC (i.e., ~110mm) would likely take longer than four months to
cross the MUAC threshold for recovery (>125mm). Given the chance to remain longer
under treatment, it is possible many children in the high growth NR group would go on to
reach the standard discharge thresholds for MUAC and/or WHZ, but this requires further
research to verify.

Low growth non-responders are the true ‘non-responders’

It is the low growth NR group who are the true ‘non-responders as their growth curves
demonstrated how no matter how long they stayed under treatment they did not improve
their MUAC- or weight- related indices. This group had the highest proportion of chil-
dren with reported co-morbidities. In multivariate analyses, being severely underweight
(WAZ <-3) on admission was associated with increased odds of being in the low growth
NR group compared to recovered children, yet this was not associated with the odds of
being in the high growth NR group. It is therefore possible that many of these children
have constrained growth because they are sick and/or have a disability. As the relation-
ships between environmental enteric dysfunction, impaired gastrointestinal tract function,
microbiota immaturity, and therapeutic responses remain unclear, we also cannot exclude
the possibility that these factors may also be drivers of poor treatment response [33,34].
It is important to note, however, that these characteristics might not necessarily extend to
the whole group. For example, some children in the low growth NR group include those
admitted with relatively high anthropometry (just below the cut-off for being moderately
wasted) and therefore might not be expected to grow much more in their weight or MUAC
indices. Nonetheless, we cannot conclude that non-response in weight and MUAC indices
equates to a total lack of benefit of the therapeutic treatment, as our current analysis does
not include data on other outcomes such as micronutrient status, immune function or
cognitive development.

On the latter point, it is intriguing that those in the low growth NR group as defined
by the lowest WHZ gain quartile were those who gained height the best but seemingly at
the expense of weight gain. This is shown in S4 Fig C where we see a noticeable decline in
WHZ after week 4, corresponding to the improved HAZ in that group in S6 Fig A. Previ-
ous research demonstrates the complex relationships between nutrition and linear growth
[35], where the opposite pattern has been seen with linear growth following gains in WHZ
[36,37]. Further investigation would be needed to explore whether the height gain is a
consistent finding, and if so, whether it could be because the children were not too severely
wasted on admission, or whether measurement error in height could play a role in explain-
ing the finding.
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Difficulty in predicting on admission how children will respond to
treatment

The growth curves show that it is not easy to predict which children will go on to recover, be
in the high growth NR group or in the low growth NR group, given growth trajectories cross
between the high growth and low growth NR groups between weeks 4-8 depending on the
anthropometric outcome. Severe underweight on admission was associated with increased
odds of being in both the low growth NR and high growth NR groups compared to recov-
ered children in univariate analyses (Table 1), whilst in multivariate analyses (Fig 6) severe
underweight was only associated with increased odds of being in the low growth NR group.
Therefore, whilst this indicator alone is insufficient to fully predict outcomes, it does mean
health workers should be aware of the increased vulnerability of children who are severely
underweight at admission. The heightened risk of mortality for children who are severely
underweight has previously been described [38,39]. Various co-variates increased or decreased
the odds of being in both the high growth and low growth NR groups, but did not differ-
entiate between the two NR groups. For example, older children (age 12-59 months) had
reduced odds of being in both NR groups compared to younger children (age 6-23 months).
This is consistent with other research showing that younger children are more at risk of being
non-responders [40], and may in part be because in MUAC-based programming younger
children tend to have a smaller MUAC on admission than older children and take longer to
reach the discharge criteria. Our model was constrained by the available variables in the data-
sets; further research may discover other characteristics that would enhance predictive power.

Programmatic implications

Our findings underscore the importance of weekly monitoring of MUAC and/ or weight
curves to assess growth trajectories. If there is consistent growth, yet the children have not yet
reached the discharge criteria, one option would be to keep children on the programme until
they either reach discharge criteria, or show signs of plateauing, even if this requires extending
the length of stay beyond usual maximum cut-offs of 12-16 weeks. This seems particularly
important for those children admitted with severe wasting by MUAC, as it takes them two
months just to cross the cut-off from severe to moderate wasting (i.e., for their MUAC to
recover to 2115mm). Further implementation research would need to assess how best health-
care workers could determine when an appropriate growth plateau has been reached, consid-
ering in many health facilities growth charts are not plotted and/or not analysed. Additional
training may be required to ensure staff can track those children showing signs of consistent
growth but who fall short of reaching discharge criteria, and that these children are kept under
treatment until no further growth is seen. Further research will be needed to provide guid-
ance on the most user-friendly operational definitions of ‘consistent growth’ and ‘no further
growth’ Further operational research would also need to confirm whether growth monitoring
at the individual level is realistic or whether a simpler approach should be tested where, for
example, all children with MUAC <110mm or WAZ<-3 on admission should have a fixed,
extended, length of time under treatment.

It may not be necessary for children whose length of stay in the programme is extended to
continue receiving the same dosage of therapeutic food throughout; some of these children
could potentially have their doses of therapeutic food safely tapered. Similarly, not all children
may need weekly follow-up and could perhaps switch to fortnightly monitoring. Previous
research suggests that stratifying children by risk level could provide a promising avenue for
further exploration, for example, where children with a low MUAC (e.g., <120mm) and/or a
low WAZ (e.g., <-3) continue to receive intensive treatment and follow up, whereas children
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with higher MUAC and WAZ receive less intensive treatment [20]. The OptiMA trial in DRC
has shown that progressively reducing the RUTF dose as children with severe wasting recover
is non-inferior to standard RUTF dosage [22]. The new WHO guidelines also indicate that
RUTF dosage can be reduced once the child is no longer severely wasted [6].

Keeping children under treatment for longer may have cost implications. However, given
that in our pooled dataset 9.6% of children were originally categorised as non-responders (Fig
1) and 75% of these were furthered categorised as high growth NR, we might only expect ~7%
of all admissions to require longer treatment to recover. Further research would be needed to
ascertain if keeping a child for some extra weeks to ensure a more complete recovery (whether
reaching discharge thresholds or plateauing growth) reduces the risk of relapse, which might
save programme costs by reducing future re-admissions. Furthermore, the increased costs
for this relatively small number of children who are treated longer are likely to be ultimately
cost-effective by reducing these children’s vulnerability to significant morbidity and mortality.
This is plausible given that compared to children who have not been wasted, children who are
discharged from CMAM programmes already have 3-5 times the risk of relapsing to being
wasted or dying within 6-months post-discharge, and, furthermore, those with the lowest
anthropometric status on discharge have the highest likelihood of relapsing [41].

The low growth NR group represents an even smaller proportion of children receiving
treatment, in this dataset equating to around 2.4%. Current CMAM programme advice
indicates that if a child does not gain weight for 2 or 3 consecutive weeks (at any point during
the treatment), it is recommended to check the social context and the effective use of RUTF at
home. Then, if the problem has not been resolved, children should be referred to hospital to
explore other medical co-morbidities such as tuberculosis, HIV, sickle cell anaemia, congen-
ital cardiopathy or neurological disease [6]. Our data aligns with this recommendation, but
in addition suggests that children could be referred for further investigations early in the
treatment programme, possibly as early as when no improvement in weight or MUAC is seen
between weeks 3 and 4. The recent WHO guidelines allow for community health workers to
manage wasting treatment programmes under adequate training and regular supervision (rec-
ommendation B17) [6]. One aspect of ‘adequacy’ in terms of that supervision could include a
detailed case review of the first 4-5 weeks of treatment and adherence to referral protocols as
appropriate.

The realities are that often medical referrals do not happen due to lack of transportation
to hospitals, inappropriate medical facilities or diagnostics, or barriers due to cost of treat-
ment. Screening for disabilities remains an area where feasible tools are still urgently required
[42]. However, progress is being made in various diagnoses, e.g., WHO have recently recom-
mended an interim conditional recommendation on using a ‘treatment decision algorithm’
to help with TB treatment decision making [43] and there is progress on use of rapid tests
for sickle cell anaemia [44]. In the case of other non-medical determinants of low growth NR
(e.g., young child feeding practices at household level), further investigations may be hindered
by constrained staffing or capacities.

As discussed above, it is possible not all the children in the low growth NR group have clear
underlying determinants, and some may be those admitted on the border of not being wasted.
Practitioners should therefore take account of anthropometric status on admission, history
of co-morbidities, accounts of appetite and alertness to discern whether to refer for more
detailed medical investigations or not. Of note, however, is that in our dataset the low growth
NR group were severely underweight throughout treatment, whether admitted with severe or
moderate wasting. This would suggest this group remains at heightened risk of mortality if
untreated [39]. For those children found in the low growth NR category who do not turn out
to have underlying co-morbidities, we do not have sufficient evidence from our data to advise
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them being retained in the programme, receiving lower dosages of therapeutic food, or being
discharged early; all this requires further investigation.

In our analyses we used the 25" percentile of growth across a variety of anthropometric
outcomes to define the high growth NR versus low growth NR groups. This was an analyti-
cal approach that enabled exploration of the heterogeneity of ‘non responders’ but does not
necessarily require practitioners to re-create these categories within their therapeutic feeding
programmes. In whichever way we defined the groups of low growth NR and high growth NR
groups (i.e., 25" percentile of MUAC, weight, weight gain rate, WAZ, WHZ gain), the growth
trajectories were similar. This means that simpler measures such as weight and/or MUAC can
be monitored and there is no need for more complex indicators (e.g., WHZ, rate of weight
gain) to be calculated if those were to be less feasible. What is relevant for practical implica-
tions is the importance of early referral for children who are not growing in MUAC or weight,
especially after the first three weeks of treatment, and the continued monitoring of anthro-
pometry so that children who are growing, but who have not met the discharge criteria yet, are
kept in the programme until they do reach the thresholds or show signs of plateauing growth.
For other researchers wanting to explore these categories of children in their own data, how-
ever, using the 25" percentile of the non-responders’ growth was a helpful way to define two
groups of high growth NR and low growth NR. Indeed, recent research into characteristics of
non-responders in Niger found very similar patterns, whereby approximately 80% of non-
responders had a similar rate of MUAC gain to those who recovered, and approximately 20%
of non-responders showed no sign of MUAC improvement throughout treatment [40].

We recognise that the ability to detect growth or lack of growth, whichever anthropometric
indicator is tracked, is dependent on the quality of measurements. Hence continued supervi-
sion of measurement technique and accurate data capture is critical. Finally, we cannot dis-
count that some children in the high growth NR or low growth NR groups may have missed
the opportunity to recover because programme quality was not good enough, as opposed to
(or in addition to) co-morbidities or social factors.

Limitations

The 14 datasets making up our pooled analyses were heterogenous, having different admission
and discharge criteria, different time intervals between consecutive visits, different treatment
regimes, and various maximum durations of treatment. We summarise the different potential
study-level and individual-level effect modifiers of response to treatment by study in tables S1
and S2. Whilst our dataset is multi-country, it is not necessarily representative of all contexts
where wasting is treated. The included datasets did not include contextual factors such as the
nutrition status of the general population, or the type of nutritional shocks being experienced
(e.g., endemic malnutrition versus sudden food insecurity shocks). These contextual factors
could influence what proportion of children respond to treatment and at what point growth
trajectories flatten — considerations that would be interesting to explore in further research.
There were also potentially influential individual-level variables that the datasets did not all
have, such as birthweight and infant feeding practices. Our analyses should therefore be con-
sidered exploratory, with the aim of generating hypotheses that we hope can be further tested
operationally.

Conclusions

Our exploratory analyses have shown that children categorised as ‘non-responders’ are not
a homogenous group. Approximately 75% of non-responders are better viewed as ‘delayed
responders’ who respond to treatment similarly to those who recover. For these delayed
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responders, our data show a strong rationale for maintaining treatment in order to ensure
growth potential has been met, with the aim of avoiding the additional vulnerabilities that can
accompany early discharge. Only the smaller proportion of low growth NR, i.e., those failing
to grow in MUAC and weight at all, should be viewed as true non-responders or treatment
failures. The current practice whereby all non-responders are regarded as treatment failures
risks underestimating the effectiveness of the CMAM model. Other practical implications of
this research align well with current guidance, whereby all children should have their growth
monitored regularly (weekly), at least for MUAC and weight. Our data suggest if after 3 weeks
of treatment there are no improvements in growth, it is likely that there will be no further
improvement, therefore appropriate referrals for further checks on chronic morbidities and
social determinants should be made. Those running healthcare services will need to invest in
system-wide resources for adequate screening, referral, diagnosis, and treatment of the multi-
ple determinants of growth failure, critical components that are commonly absent. However,
the precise implementation guidance of how to determine when a growth plateau has been
reached, what the ideal intensity of additional treatment and follow-up is, and whether a final
maximum length of stay can be defined, are all questions that remain to be answered with
further operational research.

Supporting information

S1 Table. Descriptive information on potential study-level effect modifiers, by study.
(XLSX)

S2 Table. Descriptive information on potential individual-level effect, by study
(XLSX)

S3 Table. Individual and nutritional programme characteristics between recovered and
non-responders, at enrolment, exit and over follow-up.
(DOCX)

S1 Fig. Panel of modelled adjusted weekly means of a) MUAC, b) weight, c) WHZ and d)
WAZ over time using 25" percentile of absolute median weight gain to define high growth
non-responders (absolute median weight gain >25" percentile; >0.4kg) and low growth
non-responders (absolute median weight gain <25 percentile; <0.4kg). MUAC, mid-
upper-arm circumference; WAZ, weight-for-age z-score; WHZ, weight-for-height z-score.
(TIF)

S2 Fig. Panel of modelled adjusted weekly means of a) MUAC, b) weight, c) WHZ and d)
WAZ over time using 25" percentile of absolute median daily weight gain to define high
growth non-responders (absolute median daily weight gain >25" percentile; >0.6 g/kg/
day) and low growth non-responders (absolute median daily weight gain <25% percentile;
<0.6 g/kg/day). MUAC, mid-upper-arm circumference; WAZ, weight-for-age z-score; WHZ,
weight-for-height z-score.

(TIF)

S3 Fig. Panel of modelled adjusted weekly means of a) MUAC, b) weight, c) WHZ and
d) WAZ over time using 25" percentile of absolute median WAZ gain to define high
growth non-responders (absolute median WAZ gain 225" percentile; 0.5 z-score) and
low growth non-responders (absolute median WAZ gain <25™ percentile; <0.5 z-score).
MUAC, mid-upper-arm circumference; WAZ, weight-for-age z-score; WHZ, weight-for-
height z-score.

(TIF)
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S4 Fig. Panel of modelled adjusted weekly means of a) MUAC, b) weight, c) WHZ and
d) WAZ over 16 weeks using 25" percentile absolute median WHZ gain to define high
growth non-responders (absolute median WHZ gain >25" percentile; 20.0 z-score) and
low growth non-responders (absolute median WHZ gain <25" percentile; <0.0 z-score).
MUAC, mid-upper-arm circumference; WAZ, weight-for-age z-score; WHZ, weight-for-
height z-score.

(TIF)

S5 Fig. Modelled adjusted weekly means of HAZ and absolute height over time. High
growth non-responders and low growth non-responders defined using 25" percentile of
MUAC gain (panel a, b) and absolute daily weight gain (panel ¢, d). MUAC, mid-upper-
arm circumference; WAZ, weight-for-age z-score; WHZ, weight-for-height z-score.

(TIF)

S6 Fig. Modelled adjusted weekly means of HAZ and absolute height over time. High
growth non-responders and low growth non-responders defined using 25" percentile
of absolute median WHZ gain (panel a, b) and absolute median WAZ gain (panel c, d).
MUAC, mid-upper-arm circumference; WAZ, weight-for-age z-score; WHZ, weight-for-
height z-score.

(TIF)
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