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abstractBACKGROUND AND OBJECTIVES: Acute illness with malnutrition is a common indication for
hospitalization among children in low- and middle-income countries. We investigated the
association between wasting recovery trajectories and neurodevelopmental outcomes in
young children 6 months after hospitalization for an acute illness.

METHODS: Children aged 2 to 23 months were enrolled in a prospective observational cohort of
the Childhood Acute Illness & Nutrition Network, in Uganda, Malawi, and Pakistan between
January 2017 and January 2019. We grouped children on the basis of their wasting recovery
trajectories using change in mid–upper arm circumference for age z-score. Neurodevelopment
was assessed with the Malawi Developmental Assessment Tool (MDAT development-for-age
z-score [DAZ]) at hospital discharge and after 6 months.

RESULTS: We included 645 children at hospital discharge (mean age 12.3 months ± 5.5; 55%
male); 262 (41%) with severe wasting, 134 (21%) with moderate wasting, and 249 (39%)
without wasting. Four recovery trajectories were identified: high–stable, n5 112;
wasted–improved, n5 404; severely wasted–greatly improved, n5 48; and severely
wasted–not improved, n5 28. The children in the severely wasted–greatly improved group
demonstrated a steep positive MDAT-DAZ recovery slope. This effect was most evident in
children with both wasting and stunting (interaction wasted–improved × time × stunting:
P < .001). After 6 months, the MDAT DAZ in children with wasting recovery did not differ
from community children. In children who never recovered from wasting, there remained a
significant delay in MDAT DAZ scores.

CONCLUSIONS: Neurodevelopment recovery occurred in parallel with wasting recovery in
children convalescing from acute illness and was influenced by stunting.
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WHAT’S KNOWN ON THE SUBJECT Malnutrition is a key risk factor
for acute illness and hospital admission in children in low-and middle-
income countries. The relationship between the recovery of wasting
and neurodevelopmental outcomes after an acute illness in young
children is less clear.

WHAT THIS STUDY ADDS Neurodevelopment recovery mirrored
wasting recovery in children convalescing from acute illness; the
presence of stunting influenced this relationship. Our results indicate
that the association between wasting and neurodevelopment delay
may be reversible given sufficient time and adequate anthropometric
recovery.
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In low- and middle-income countries
(LMICs), approximately 250 million
children aged <5 years are at risk
for not reaching their full
developmental potential.1 Improving
early child development is stated as
a priority of the Sustainable
Development Goals.2 Infancy is a
unique period of high nutritional
requirement because of accelerated
physical growth coinciding with
rapid anatomic and functional
expansion of the brain.3 Although
the precise biological mechanisms
remain unknown,4 impairments in
early childhood growth and
neurocognitive development have
been linked to chronic systemic
inflammation experienced during
the first 24 months of life. Such
inflammation can derive from
recurrent infections, which often
occur in the context of malnutrition,
especially in LMICs.

In young children, illness often
precipitates, or is accompanied by,
wasting (defined by a low weight-for-
length z-score [WLZ] or low
mid–upper arm circumference
[MUAC]). Wasting can develop rapidly,
whereas stunting (defined by a low
length-for-age z-score [LAZ]) is seen
as a form of chronic malnutrition.5

Stunting has been strongly associated
with adverse neurodevelopmental
outcomes,6 and limited studies have
also reported long-term effects of
severe wasting7–9; however, few
studies have examined the impact
of both wasting and stunting.
Furthermore, it remains unclear if
wasting recovery (eg, rapid recovery
versus prolonged suboptimal recovery)
is linked to differential impacts on
early childhood neurodevelopment.
Previous community-based studies
have shown that malnutrition and
recurrent infections are associated
with neurodevelopmental outcomes in
young children in LMICs.10,11 However,
there have been no previous
longitudinal investigations to
determine whether children

discharged from hospital recover
from wasting and, concurrently,
show recovery trajectories in
neurodevelopment outcomes.

The Childhood Acute Illness &
Nutrition (CHAIN) Network cohort
study offers a unique opportunity
to examine the relationships
between wasting recovery and
neurodevelopmental outcomes in
young children convalescing from
severe illness (http://chainnetwork.
org/).12,13 The primary aim of this
prospective CHAIN neurodevelop-
mental substudy was to investigate
the association between wasting
trajectories and neurodevelopmen-
tal outcomes in young children
6 months after a hospitalization for
an acute illness. Our second aim
was to examine the effect of
stunting on this relationship. In
LMICs, available resources to
promote healthy development are
scarce, and our approach is critical
in identifying children most likely
to benefit from interventions with
targets to improve developmental
outcomes after severe illness.

METHODS

Study Design and Setting

The CHAIN neurodevelopment
substudy was conducted at 3 sites:
Queen Elizabeth Central Hospital in
Blantyre, Malawi; Mulago Hospital in
Kampala, Uganda; and Civil Hospital
in Karachi, Pakistan. Children
between 2 and 23 months of age
enrolled in the CHAIN prospective
observational cohort were
coenrolled in a neurodevelopment
substudy from January 2017 to
January 2019. Details of the CHAIN
cohort were previously reported.13

Anthropometric, clinical, and
psychosocial measurements were
collected at hospital admission,
discharge, and at 45, 90, and 180
days after discharge. Wasting and
stunting were defined as: severe
wasting, WLZ <�3 and/or bilateral

nutritional edema or an MUAC
<11.5 cm if aged $6 months or
MUAC <11 cm if aged <6 months;
moderate wasting, WLZ <�2 and
$�3 or an MUAC $11.5 to <12.5 cm
if aged $6 months or $11.0 to <12.0
cm if aged <6 months; stunting was
defined as LAZ <�2.5,13

Nutritional rehabilitation of children
followed national and World Health
Organization (WHO) guidelines.14

Children with severe wasting were fed
therapeutic milk and ready-to-use-
therapeutic foods according to United
Nation Children’s Fund guidelines.15

Once medically stable, children were
discharged and referred to nutrition
services for continued outpatient
supplementary feeding according to
national policy.14 Community children
were also recruited from the same
community as the hospitalized
children.13 They underwent a 1 time
assessment identical to that of
inpatient children. Written, informed
consent from a parent or guardian
was obtained according to the
International Conference on
Harmonization clinical practice
guidelines.

Outcome: Neurodevelopment
Assessment

Neurodevelopment was assessed with
the Malawi Developmental Assessment
Tool (MDAT) at hospital discharge and
at 6 months postdischarge. The MDAT
is culturally validated and one of the
few instruments developed specifically
for LMICs.4,16,17 Through direct
observation of the child and responses
to questionnaires, the MDAT examines
4 developmental domains of: (1) gross
motor skills, (2) fine motor skills,
(3) language, and (4) social skills. It
also has evaluations of cognitive
capacity embedded within the fine
motor and language domains. The 144
items (36 in each domain) are scored
as “pass,” “fail,” or “unknown” in cases
where the child is uncooperative. The
MDAT has good construct validity and
sensitivity (97%) in predicting

2 BABIKAKO et al

Downloaded from http://publications.aap.org/pediatrics/article-pdf/150/5/e2021055615/1562799/peds_2021055615.pdf
by guest
on 23 January 2024

http://chainnetwork.org/
http://chainnetwork.org/


moderate to severe developmental
delay in children from birth to 6 years
of age.16 Domain-specific
neurodevelopment delay is defined as
a domain specific z-score <�1.64 on
the MDAT.16 An overall development-
for-age z-score (DAZ) was calculated
using the original MDAT collected in a
Malawian standard population.16

The MDAT was adapted for use in
both Uganda and Pakistan under the
direct guidance of the original
designer of the MDAT (M. Gladstone).
Research assistants with backgrounds
in early child development underwent
regular and extensive training in the
standardized administration of the
MDAT and subsequently performed all
MDAT assessments.

Exposure: Anthropometry

Weight, supine length, and MUAC
were measured by trained clinical
assistants. MUAC was recorded to the
nearest millimeter using a nonstretch
insertion tape (TALC, St. Albans,
United Kingdom); body length was
recorded to the nearest millimeter
(Seca 416 infantometer, Birmingham,
United Kingdom); and body weight
was recorded to the nearest 10 g
(Seca 825 electronic scale,
Birmingham, United Kingdom,
calibrated monthly). MUAC-for-age
z-scores (MUACz), LAZ, and WLZ
were calculated according to 2006
WHO growth standards using the
“zscorer” R package.18 The MUACz
and WLZ scores were used to create
wasting recovery trajectories (see
analysis section below).

Covariates

On the basis of literature, the
following covariates related to child
development outcomes were
considered:19

1. medical history: suspected or
known chronic cerebral palsy,
epilepsy, or prematurity;

2. indication for hospitalization:
diagnosis including pneumonia,

confirmation of suspected sepsis,
gastroenteritis, meningitis, or
malaria (determined by rapid
diagnostic testing or blood smears);

3. biological variables: hemoglobin at
hospital discharge, HIV-reactivity
(ie, infection or exposure status in
children aged <18 months determined
by rapid diagnostic testing);

4. sociodemographic factors:
caregiver highest level of education,
and an asset index derived from
principal component analysis of
variables obtained from a
comprehensive household wealth
survey13,20;

5. maternal mental health: measured
with the Patient Health Questionnaire
(PHQ)-921 at admission and day
45 follow-up; the PHQ-9 is a 9-item
scale widely used in the screening of
depression in LMICs22,23; and

6. stimulation in the home: play
items and interactions at home were
evaluated using the Family Care
Indicator (FCI) from the Multiple
Indicator Cluster Survey.24

Statistical Analysis

First, we identified different
patterns of wasting recovery in
children after hospital discharge
using latent class mixed models
(LCMMs). MUACz and WLZ were
modeled across 4 time points
(hospital discharge, day 45, day 90,
day 180). LCMMs are an extension
of linear mixed-effect modeling that
can evaluate heterogeneity in the
growth trajectories of children and
classify them into latent groups.25

All children with at least 1 MUACz
or WLZ measurement after
discharge were included in the
LCMM clustering. Previous studies
have shown that having few
measured observations per cluster
did not lead to notable bias when
estimating random effects.26

However, children not showing
recovery (ie, those who still met

criteria for severe wasting at 6
months’ follow-up) were excluded a
priori from the LCMM analysis
(Supplemental Fig 5). We evaluated
the subdivision of MUACz and WLZ
growth trajectories into 1 to 5 latent
groups (K-class models, K 5 1.5)
with either a linear or quadratic fit.
Model selection was based on
Bayesian information criterion,
Akaike information criterion,
differences in Lo-Mendell-Rubin
adjusted likelihood ratio test
(eg, comparing model of K classes
to that of K-1), and clinical
interpretability.25 As in other
relevant studies,27 we used a less-
restrictive criterion of 1% group
membership, with each participant
assigned to only 1 growth trajectory
on the basis of the highest posterior
probability. For this, the LCMM R
package was used.25

We fitted linear mixed models to
determine the association between the
wasting recovery trajectories and the
change in MDAT DAZ score or individual
domain scores. Four models were
assessed for both MUACz and WLZ:

1. unadjusted;

2. adjusted for only child factors (sex,
age at admission, HIV reactivity,
previous known neurodisability,
prematurity, meningitis, hemoglobin
at discharge);

3. adjusted for both child and
sociodemographic factors (parental
education, PHQ score at follow-up,
asset index, FCI play items, FCI
interaction); and

4. adjusted for all child and
sociodemographic factors while
evaluating the interaction effect with
stunting in children that showed
recovery from wasting.

All models included a random
intercept per participant, and
hospital site was included as a fixed
factor in adjusted models. Missing
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covariates were imputed using
standard procedures of Multiple
Imputation by Chained Equations
(R package; Supplemental Table 3);
mixed model estimates were pooled
across imputed data sets, thus
accounting for added variability.
Finally, generalized linear models
were used to compare the adjusted
MDAT DAZ score from the
hospitalized children at day 180 to
those from community participants.
To improve interpretability, we
calculated the group marginal
means and assessed their
differences on the basis of covariate
adjusted models using the estimated
marginal means package in R.
Analyses were conducted using both
R version 4.0.1 (The R Foundation
for Statistical Computing Platform,
2020) and Stata (version 16).

Ethics Approval

This study protocol was reviewed
and approved by the Oxford

Tropical Research Ethics Committee,
United Kingdom, and the research
ethics committees of each institution
where the study was conducted.

RESULTS

From November 2017 to January 2019,
we recruited 645 hospitalized children
(mean age 12.3 months, ± 5.5; 55%
male): 262 (41%) with severe wasting,
134 (21%) with moderate wasting,
and 249 (38%) who were not wasted.
Thirty children (5%) died after
discharge, 27 (4%) missed the follow-
up neurodevelopment assessment, and
66 (10%) were lost to follow-up.
A total of 459 (71%) children were
assessed at both time points (Fig 1).
Community children were also
recruited (n 5 169, mean age 12.8
months ± 5.6; 50% male). Children
were recruited from Kampala
(n 5 405, 50%), Blantrye (n 5 339,
41%), and Karachi (n 5 72, 9%). The
CHAIN neurodevelopment substudy
enrolled 76% of children participating

in the main CHAIN cohort at these sites
within the same time span.
Sociodemographic characteristics
according to wasting status at
admission are presented in
Supplemental Table 4.

Wasting Recovery Trajectories

On the basis of model selection
criteria, a 3 class solution was
chosen for the MUACz wasting
trajectories (Fig 2), which can be
described as follows:

1. Group 1: high–stable; children
(n 5 112, 18.9%) in this group had
a high mean MUACz both at
discharge and 6 months’ follow-up
(0.1 [95% confidence interval [CI]
0.0–0.3)] and 0.2 [95% CI �0.0 to
0.3], respectively). This group
mostly included initially nonwasted
hospitalized children (n 5 108,
96%), and n 5 29 (26%) were
stunted at follow-up;

2. Group 2: wasted–improved; these
children (n 5 404, 68.2%)
demonstrated improved MUACz
from �2.1 (95% CI �2.2 to �2.0) to
�1.0 (95% CI �1.1 to �0.9). This
group included severely wasted
children (n5 167; 41%), moderately
wasted children (n 5 115, 29%),
and also nonwasted children
(n 5 122, 30%); of these n 5 262
(65%) children were stunted at
follow-up;

3. Group 3: severely wasted–greatly
improved; children (n 5 48, 7.4%)
in this group showed improved
MUACz from �4.2 (95% CI �4.6 to
�3.9) to �0.6 (95% CI �0.9 to
�0.4). This group included severely
wasted children (n 5 44, 92%) with
a few moderately wasted children
(n 5 4, 8%); 39 (81%) of these
children were stunted at follow-up;
and

4. Lastly, a small but clinically
relevant group (Group 4), was
identified: severely wasted–not
improved (n 5 28, 4%), comprising

FIGURE 1
Study flow diagram. Number of participants with missed time points are indicated for discharge (*)
and follow-up (**).
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children who met criteria for severe
wasting at follow-up (Supplemental
Fig 5). The mean MUAC z-score in
this group was �4.0 (95% CI �4.6
to �3.5) at discharge and �4.1
(95% CI �4.5 to �3.7) at day 180;
27 (96%) of these children were
stunted.

For further analysis, the high–stable
group was chosen as the reference
group. Sociodemographic
characteristics according to wasting
trajectory group are presented in
Supplemental Table 5. Results
obtained from the recovery patterns
of WLZ mirrored those obtained for
MUACz (ie, 3-class solution with

similar patterns per group); thus,
these data and analysis are
presented as Supplemental Table 6
and Supplemental Fig 6).

Children Convalescing From Acute
Illness With Improved Wasting
Trajectories Show
Neurodevelopmental Recovery at
6-Month Follow-Up

Mean developmental scores at
discharge and follow-up grouped by
wasting recovery trajectory are
presented in Table 1. Similar to
their MUACz recovery pattern,
children in the wasted–improved
and severely wasted–greatly
improved groups showed marked

improvements in their
neurodevelopmental outcome scores
at follow-up (Table 1 and Fig 2).
While adjusting for child and
sociodemographic factors, MDAT
DAZ scores at follow-up increased
compared with hospital discharge
by 0.68 z-score (95% CI 1.0–0.4,
P < .0001) in the wasted–improved
group, and by 1.49 z-score (95%
CI 2.4–0.6, P < .0001) in the
severely wasted–greatly improved
group. In contrast, the MDAT DAZ
scores decreased by �1.8 z-score
(95% CI �0.6 to �3.0, P < .001)
among children in the severely
wasted–not improved group.

FIGURE 2
Wasting (MUACz) and development (MDAT DAZ) trajectories.
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The 4 individual developmental
domains showed similar patterns
consistent with the overall MDAT
scores, with marked delays at
discharge but with strong
improvement by 6 months’ follow-
up; this effect was most notable in
the domains of gross and fine motor
skills (Table 1, Fig 3).

Wasting Recovery Trajectory and
Stunting are Associated With
Neurodevelopmental Outcomes

While adjusting for child and
sociodemographic factors, there was
no difference in the magnitude of
change in MDAT scores from
baseline to follow-up for the
wasted–improved group as
compared with the high–stable
group. The children in the severely
wasted–greatly improved group

showed the greatest positive change
in MDAT DAZ scores (Fig 2; Table 2;
M3) compared with the high–stable
group. We found that stunting
influenced the recovery patterns of
MDAT DAZ scores (Fig 4). We
identified a significant third-order
interaction (improved wasting
trajectory × time × stunting;
Table 2; M4; Supplemental Table 7 ).
This interaction showed that there
was a difference in the magnitude of
change in MDAT scores in children
who are stunted versus nonstunted
children in both wasted–improved
groups, when compared with the
difference in magnitude of change in
MDAT scores of stunted versus
nonstunted children in the
high–stable group. Nonstunted
children in the wasted–improved
group had higher MDAT scores

compared with their stunted
counterparts at discharge (adjusted
marginal mean difference (0.98 95%
CI 0.2–1.7, P < .01), but this no
longer differed at follow-up
(adjusted marginal mean difference
0.60, 95% CI �0.1 to 1.3, P 5 .24)
(Fig 4, panel A and B). Without
reaching statistical significance,
similar patterns were obtained
when examining separately each
developmental domain (Fig 3 and
Supplemental Table 8).

Children Convalescing From Acute
Illness With Wasting Recovery Reach
Community Neurodevelopment
Levels by 6 Months Follow-Up

At 6 months’ follow-up, the MDAT
DAZ scores measured in the
hospitalized children who had stable
or improved wasting trajectories

TABLE 1 Mean Developmental Scores in Children With Specific Wasting Recovery Trajectories at Discharge and Follow-Up

MUACz Groups Community

High–Stable Wasted–Improved Severely Wasted–Greatly Improved Severely Wasted–Not Improved

Discharge Follow-Up Discharge Follow-Up Discharge Follow-Up Discharge Follow-Up

DAZ score 0.1 (1.6) 0.7 (1.4) �1.0 (2.2) �0.1(2.4) �2.2 (2.1) �0.8 (1.4) �2.1 (3.4) �3.8 (4.0) 0.2 (1.4)
Domain scores
Gross motor 0.2 (1.6) 0.8 (1.4) �1.0 (1.8) 0.2 (1.8) �2.1 (1.7) �0.5 (1.6) �2.5 (1.8) �3.1 (2.0) 0.3 (1.7)
Fine motor 0.1 (1.7) 0.2 (1.6) �0.9 (1.8) �0.2 (1.6) �1.8 (1.8) �0.4 (1.3) �1.7 (2.3) �2.7 (2.3) 0.0 (1.4)
Language 0.1 (1.2) 0.1 (1.3) �0.4 (1.3) �0.4 (1.3) �1.1 (1.0) �0.3 (1.0) �0.8 (1.8) �1.5 (1.8) 0.1 (1.3)
Social 0.2 (1.3) 0.5 (1.3) �0.2 (1.3) 0.2 (1.4) �0.7 (1.2) �0.1 (1.0) �0.4 (1.7) �1.3 (1.9) 0.4 (1.6)

Unadjusted MDAT mean (SD) scores are presented.

FIGURE 3
Individual neurodevelopment domain trajectories. Unadjusted MDAT mean (SD) scores are presented.
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after discharge caught up to
community levels (high–stable, 0.48;
95% CI �0.1 to 1.0;
wasted–improved, 0.2; 95% CI �0.2
to 0.6; severely wasted–greatly
improved, 0.1; 95% CI �0.6 to 0.89
compared with community children)
after adjusting for child,
sociodemographic factors, and
stunting (Supplemental Table 9).
The children in the severely
wasted–not improved group
continued to have significantly
lower MDAT DAZ scores than the
community participants (full
adjusted analysis �3.08 (95%
CI �4.0 to �2.2, P < .001;
Supplemental Table 9).

DISCUSSION
In a cohort of hospitalized young
children in LMICs, both the
trajectory of wasting recovery and
stunting were significantly
associated with neurodevelopmental
outcomes. Children who recovered
from wasting also demonstrated
neurodevelopmental recovery at
6 months’ follow-up. A small group
(n 5 28, 4%) without wasting
recovery similarly had no
neurodevelopmental recovery at
follow-up. Children in the groups
with an improved wasting trajectory
had lower MDAT scores at discharge
than the children who were not
wasted. The children who recovered

from severe wasting also showed
the steepest recovery in
neurodevelopment scores and this
recovery was more notable in
children who were both wasted and
stunted. This suggests that young
children who are stunted and show
recovery from wasting have the
capability to improve in
neurodevelopmental outcomes after
hospital admission. Furthermore,
neurodevelopmental outcomes in
children who recovered from
wasting no longer differed from
those of community children after
adjusting for stunting and other
factors important for early child
development. These findings

TABLE 2 Mixed-Effect Models Testing the Association Between Children With Different MUACz Recovery Trajectories and Development scores
(MDAT-DAZ) at Discharge and Follow-Up

M1: Unadjusted
a

M2: Adjusted for Child
Factorsb

M3: Adjusted for Childa,b

and Sociodemographicc

Factors

M4: Adjusted for Childb

and Sociodemographicc

Factors With Stunting
Interaction

Time point, discharge Ref. Ref. Ref. Ref.
Time point, follow-up 0.36 (�0.03 to 0.76) 0.39 (�0.01 to 0.78) 0.35 (�0.04 to 0.74) 0.47 (0.02–0.93)*
Group 1: high–stable Ref. Ref. Ref. Ref.
Group 2: wasted–improved �0.96 (�1.46 to �0.46)*** �0.8 (�1.29 to �0.31)** �0.68 (�1.14 to �0.22)** �0.04 (�0.63 to 0.55)
Group 3: severely

wasted–greatly improved
�2.33 (�3.10 to �1.56)*** �2.12 (�2.89 to �1.35)*** �1.74 (�2.48 to �1.00)*** �0.55 (�2.03 to 0.94)

Group 4: severely
wasted–not improved

�2.02 (�3.00 to �1.04)*** �1.90 (�2.86 to �0.93)*** �1.82 (�2.73 to �0.92)*** —

Stunted — — — 0.16 (�0.69 to 1.01)
2-way interactions: group × time point, group × stunted, and time point × stunted

High–stable × time point Ref. Ref. Ref. Ref.
Wasted–improved × time

point
0.34 (�0.10 to 0.79) 0.23 (�1.11 to 0.79) 0.33 (�0.11 to 0.78) �0.05 (�0.65 to 0.54)

Severely wasted–greatly
improved × time point

1.10 (0.40–1.80)** 1.08 (�0.38 to 1.78)** 1.14 (0.45–1.83)** �0.27 (�1.72 to 1.19)

Not improved × time
point

�2.19 (�3.06 to �1.32)*** �2.14 (�3.01 to �1.27)*** �2.11 (�2.97 to �1.25)*** —

High–stable × stunted — — — Ref.
Wasted–improved ×

stunted
— — — �1.14 (�2.09 to �0.19)

Severely wasted–greatly
improved × stunted

— — — �1.70 (�3.43 to 0.04)

Follow-up × stunted — — — �0.64 (�1.5 to 0.22)
3-way interaction: group × time point x stunted

Wasted–improved x time
point × stunted

— — — 1.01 (0.04–1.99)*

Severely wasted–greatly
improved × time point
× stunted

— — — 2.19 (0.45–3.93)*

Stunted was measured at follow-up and defined as LAZ < �2 SD. Estimates and 95% CIs presented are pooled across imputed data sets, which account for variability linked to
imputation procedures of missing covariates. Supplemental Table 3 indicates missing and imputed values. Significance threshold: *P < .05, **P < .01, ***P < .001.
Ref., reference category. —, not applicable.
a All models were adjusted for hospital site.
b Child factors: sex, age, HIV status, neurodisability, prematurity, meningitis, hemoglobin at discharge.
c Sociodemographic factors: maternal mental health, parental education, asset index, FCI play items, FCI interaction.
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indicate that the association
between wasting and
neurodevelopment might be
reversible given enough time and
nutritional recovery.

Children in LMICs often present
with multiple anthropometric
deficits, and few studies have
examined how these deficits
influence child development.
Wasting and stunting are
correlated; children who are
stunted have a higher risk of
becoming wasted and children with
wasting have a higher risk of
becoming stunted.28 In our study,
almost all children who did not
recover from wasting were also
stunted, and these children had
significantly worse developmental
scores than community
participants. Other groups have
demonstrated a strong interaction
between wasting and stunting on
mortality.29,30 Shared
sociodemographic risk factors and/
or common pathophysiological
mechanisms could be responsible
for the increased risk of poor
neurodevelopmental outcomes and
mortality in children with
persistent wasting and stunting.29

Our findings are critical to the
development of guidelines and
policy in LMICs. Currently, the WHO
recommends providing psychosocial
stimulation in “guidelines for the
inpatient treatment of severely
malnourished children.”31 Although
this is likely beneficial for all
hospitalized children with wasting,
in resource-scarce settings, children
with both wasting and stunting
should be prioritized for
developmental interventions.
Further research on etiology and
prevention of children who suffer
from both wasting and stunting is
urgently needed to inform novel
treatment strategies.26

In this analysis, we examined
longitudinal continuous MUAC
z-scores instead of the categorical
classification of severe and
moderate wasting because for
individual children, undernutrition
exists on a dynamic continuum. This
explains why some children who did
not qualify as wasted at discharge
on the basis of the WHO threshold
but showed improvement in the
MUACz at follow-up were grouped
by the LCMM in the
wasted–improved trajectory group.

Children with wasting often have
recurrent episodes of wasting and,
by using wasting trajectories, we
were also able to capture this. This
study has several additional
strengths: we employed a
large sample size from a
multicountry setting and used
standardized measurements across
countries. Furthermore, we adjusted
for multiple child and
sociodemographic confounders
important for child development.
The use of a culturally validated
developmental tool tailored for
children in LMICs to assess
developmental outcomes, as well as
standardized training of research
assistants, provided a robust
framework.

It is important to acknowledge the
limitations of our study. The
Malawian MDAT norms used to
calculate the DAZ score were also
used for children in Uganda and
Pakistan. Other limitations were not
all children included in the main
CHAIN study being included in the
neurodevelopmental substudy
because trained research assistants
were not always available to assess
neurodevelopment and loss to

FIGURE 4
Development (MDAT DAZ) trajectory according to stunting. Unadjusted MDAT mean (SD) scores are presented.
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follow-up. It is essential to note that
the children included were
recovering from acute illness and
these results may not be
generalizable to children with
wasting in the community. Our
study cannot provide any details
about the exact time frame of
neurodevelopment recovery within
the 6 months’ follow-up
postdischarge. Importantly, the
community children recruited into
our study were not specifically
chosen as a developmental
reference group. Therefore, this
study cannot conclude that
hospitalized children have
achieved optimal developmental
outcomes. Finally, this study

examined associations without
causal relationships, and it is
important to realize that many
biological and socioeconomic
factors are important in child
development, and developmental
outcomes can improve without
seeing changes in growth.

In conclusion, in children
convalescing from acute illness,
neurodevelopment recovery
mirrored wasting recovery and
stunting influenced this relationship.
The association between acute
illness and wasting on
neurodevelopment appears
reversible given nutritional
recovery.

ABBREVIATIONS

CHAIN: Childhood Acute Illness
& Nutrition

CI: confidence interval
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z-score
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LAZ: length-for-age z-score
LCMM: latent class mixed model
LMIC: low- and middle-income

countries
MDAT: Malawi Developmental

Assessment Tool
MUAC: mid–upper arm

circumference
MUACz: mid–upper arm

circumference for age
z-score

PHQ: Patient Health
Questionnaire

WHO: World Health Organization
WLZ: weight-for-length z-score
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