Kamugisha et al. BMC Nutrition
(2021) 7:26
https://doi.org/10.1186/s40795-021-00428-0

RESEARCH ARTICLE

Open Access

Weight and mid-upper arm circumference
gain velocities during treatment of young
children with severe acute malnutrition, a
prospective study in Uganda
Jolly G. K. Kamugisha1,2*, Betty Lanyero1, Nicolette Nabukeera-Barungi3, Harriet Nambuya-Lakor1,4, Christian Ritz2,
Christian Mølgaard2, Kim F. Michaelsen2, André Briend2,5, Ezekiel Mupere3, Henrik Friis2 and Benedikte Grenov2

Abstract
Background: Weight gain is routinely monitored to assess hydration and growth during treatment of children with
complicated severe acute malnutrition (SAM). However, changes in weight and mid-upper arm circumference
(MUAC) gain velocities over time are scarcely described. We assessed weight and MUAC gain velocities in 6–59 moold children with complicated SAM by treatment phase and edema status.
Methods: This was a prospective study, nested in a randomized/probiotic trial (ISRCTN16454889). Weight and
MUAC gain velocities were assessed by treatment phase and edema at admission using linear mixed-effects
models.
Results: Among 400 children enrolled, the median (IQR) age was 15.0 (11.2;19.2) months, 58% were males, and 65%
presented with edema. During inpatient therapeutic care (ITC), children with edema vs no edema at admission had
negative weight gain velocity in the stabilization phase [differences at day 3 and 4 were − 11.26 (95% CI: − 20.73;
− 1.79) g/kg/d and − 13.09 (95% CI: − 23.15; − 3.02) g/kg/d, respectively]. This gradually changed into positive weight
gain velocity in transition and eventually peaked at 12 g/kg/d early in the rehabilitation phase, with no difference by
edema status (P > 0.9). During outpatient therapeutic care (OTC), overall, weight gain velocity showed a decreasing
trend over time (from 5 to 2 g/kg/d), [difference between edema and non-edema groups at week 2 was 2.1 (95% CI:
1.0;3.2) g/kg/d]. MUAC gain velocity results mirrored those of weight gain velocity [differences were − 2.30 (95% CI:
− 3.6; − 0.97) mm/week at week 1 in ITC and 0.65 (95% CI: − 0.07;1.37) mm/week at week 2 in OTC].
Conclusions: Weight and MUAC gain velocities among Ugandan children with complicated SAM showed an
increasing trend during transition and early in the rehabilitation phase, and a decreasing trend thereafter, but, overall,
catch-up growth was prolonged. Further research to establish specific cut-offs to assess weight and MUAC gain
velocities during different periods of rehabilitation is needed.
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Background
Severe acute malnutrition (SAM) affects an estimated
14.3 million children under-five globally [1] and contributes significantly to childhood morbidity and mortality
[1, 2]. Children with complicated SAM are initially hospitalized for their treatment until stabilized, and are then
discharged to outpatient therapeutic care (OTC), to continue treatment alongside those with uncomplicated
SAM [3, 4]. The inpatient therapeutic care (ITC) process
consists of an initial stabilization phase followed by a rehabilitation phase, with a transition period in between
[3, 5].
During hospitalization, attained weight and weight
gain velocity are monitored to track progress and identify children with failure to respond [5–8]. Attained
weight is monitored daily. It is expected to remain stable
for children without edema or to first drop down for
those with edema in the stabilization phase, and to increase steadily during the rehabilitation phase [5, 9, 10].
Weight gain velocity is computed less often and during
rehabilitation phase only. It is categorized as poor if < 5
g/kg/d, moderate if 5–10 g/kg/d and good if > 10 g/kg/d
[11, 12].
Several studies have reported overall average weight
gain velocities ranging from 1.8 to 8.9 g/kg/d [13–20] for
children with uncomplicated SAM and from 7.2 to 15.6
g/kg/d in those with complicated SAM [10, 21, 22].
However, limited data exist regarding how weight gain
velocity changes over time during treatment. An old
study of hospitalized Jamaican children with SAM found
variable individual mean weight gain velocities that were
negative during the stabilization phase when the children
were given a “maintenance” diet (91 kcal/kg/day) and
positive during the rehabilitation phase when a catch-up
diet (125 kcal/100 ml) was given [23]. Another study of
hospitalized Jamaican children recovering from SAM
showed that weight gain velocity decreases over time
during the rehabilitation phase as children approach or
reach a normal weight-for-length/height z-score (WHZ)
[24]. However, these studies used old definitions of
SAM, were conducted at the time when children with
SAM were being treated as in-patients only and used locally prepared milk diets that provided different amounts
and densities of energy and nutrients. Two recent studies of children recovering from uncomplicated SAM
have shown that weight gain velocity decreases over time
during OTC [25, 26], as expected. However, one of these
studies did not distinguish between weight gain velocity
by edema status [26] while the other involved only children with non-edematous SAM [25].
Some studies have looked at the role of edema in overall weight gain velocity in children with SAM but the results remain inconsistent [10, 19, 21]. Diop et al. [10]
reported no differences in mean weight gain velocity in
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hospitalized Senegalese children with edematous SAM
vs those with non-edematous SAM. In a Moroccan
study, hospitalized children with marasmus (non-edematous SAM) had a higher mean weight gain velocity compared to their kwashiorkor (edematous SAM) counter
parts [21]. In a Cameroonian study of children with uncomplicated SAM, lower mean weight gain velocities
were found in those with non-edematous vs edematous
SAM [19]. However, there is limited evidence regarding
the role of edema in daily changes in weight gain velocity per treatment phase.
Mid-upper arm circumference (MUAC) has been accepted as an independent admission and discharge criteria [3], and is widely used for these purposes. An
advantage is that it is less influenced by hydration status
than body weight [27]. Several studies have found overall
mean MUAC gain velocities ranging from 0.17 to 0.60
mm/d among children with uncomplicated SAM [13–
16, 19, 25, 28]. Whilst some of these studies defined
SAM using lower [15] or higher [13] MUAC cut-offs
than the currrent WHO criteria [3], others excluded
children with edema from the analysis [14, 15]. Further,
in a study of Kenyan children with SAM and evidence of
environmental enteric dysfunction (EED) [29], MUAC
gain velocity from enrolment to day 28 was higher than
from day 28 to day 56, suggesting a decreasing pattern
over time. A few studies have compared MUAC growth
by type of SAM but results are inconsistent [16, 19].
Trehan et al. [16] found a higher mean MUAC gain velocity among Malawian children with non-edematous
SAM compared to those with edematous SAM. The
Cameroonian study found higher mean MUAC gain velocity among children with marasmic kwashiorkor than
those with marasmus or kwashiorkor [19].
In this study, we assessed the changes in weight and
MUAC gain velocities among children with complicated
SAM by treatment phase and edema at admission.

Methods
Study design, setting and population

This was a prospective cohort study among 400 children
admitted with complicated SAM to Mwanamugimu
Nutrition Unit (MNU), Mulago National Referral Hospital in Kampala, the capital city of Uganda between
March 2014 and October 2015. The study was nested
within a double blind randomized clinical trial (ProbiSAM), which investigated the effect of probiotics on
diarrhoea in children with SAM (ISRCTN16454889) as
detailed elsewhere [30]. Inclusion criteria were: children
aged 6–59 months with complicated SAM defined as
WHZ < − 3 or MUAC < 11.5 cm or bipedal pitting
edema and having any medical complications and/or any
integrated management of childhood illness danger
sign(s), according to WHO criteria [3], with caregivers
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who provided written informed consent, and were willing to come back for follow-up. Exclusion criteria were:
children in shock and or severe respiratory distress at
admission (once stabilized, these children were considered for inclusion), admission weight less than 4.0 kg,
obvious congenital anomalies and admission with SAM
in the previous 6 months.
Patient management

Patient management has been described in detail elsewhere [31, 32]. In brief, all patients in the study received
standard treatment following the WHO guidelines [3]
and the integrated management of acute malnutrition
(IMAM) guidelines for Uganda [33]. The in-patient
treatment was divided into two phases, phase 1 or
stabilization phase and phase 2 or rehabilitation phase,
with a transition stage in between.
In the initial stabilization phase, all patients received
F-75 (Nutriset, Malaunay, France) at 100-130 ml/kg/day
depending on the grade of edema and routine medical
treatment usually intravenous ampicillin and gentamycin. For breastfed children, mothers were encouraged to
breastfeed in-between the therapeutic feeds. All children
with diarrhoea were given Rehydration Solution for the
Malnourished (ReSoMal, Nutriset, Malaunay, France),
according to their body weight and degree of dehydration. When children were ready for transition as indicated by return of appetite, edema subsiding to grade
one or two and medical complications resolving, they
were subjected to acceptance test for Ready-to-UseTherapeutic Food (RUTF), Plumpy’nut® (Nutriset,
Malaunay, France). Children who passed the acceptance
test were gradually transitioned from F-75 to RUTF over
2–3 days while those who failed were given F-100
(Nutriset, Malaunay, France), prescribed to provide 100–
135 kcal/kg/day. For children on F-100, RUTF was retried after 2–3 days. In the rehabilitation phase, children
were given increasing amounts of RUTF or F-100 based
on their weight and appetite and, were also introduced
to kitobeero, a multi-mix and nutritious local dish. The
feeds offered provided 150–200 kcal/kg/day.
When the children were clinically well, with good appetite and edema resolved to grade 1 or 2, they were discharged to OTC with RUTF, and together with their
caregivers, they were appointed for follow-up every second week. Children continued to receive RUTF and were
followed up to for a minimum of 8 weeks, and those
who had not recovered by then were followed up to a
maximum of 12 weeks.
Study outcomes

The main study outcomes were weight and MUAC gain
velocities during the different treatment phases in ITC
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and in OTC. Weight gain velocity expressed as g/kg/d
was calculated in accordance with WHO [7] as follows:
ððW2−W1Þ  1000=W1Þ=t
where W2 is the weight at current measurement and
W1 is the weight at previous measurement and t is the
number of days between measurements (for ITC, t = 1
and for OTC, t = 14, on average). MUAC gain velocity
was defined as gain in mm per week and was calculated
as follows:
ðM2−M1Þ  10=ðt=7Þ
where M2 is the MUAC (cm) at current measurement
and M1 is the MUAC (cm) at the previous measurement, t is the number of days between measurements
(for ITC, t = 7 and for OTC, t = 14, on average).
Other outcomes included duration of stay in
stabilization phase, transition and rehabilitation phase in
ITC and OTC, duration of hospitalization, proportion of
children recovered and not recovered. Proportions of
children recovered and not recovered were defined as
(number of children who reached or did not reach nutritional recovery after 12 weeks in OTC/total number of
children discharged to OTC) × 100. Nutritional recovery
was defined as reaching the WHO (2013) discharge criteria of WHZ ≥ − 2 or MUAC ≥12.5 cm and no oedema
for 2 consecutive weeks and clinically well and alert. The
same anthropometric criteria used to diagnose a child as
SAM was used to decide whether the child had reached
nutritional recovery. Further, if a child met both anthropometric criteria or had edema at admission, the
child was discharged based on WHZ ≥ − 2. A child was
only considered self-discharged if they did not return to
the ward or the OTC site before the week 12 visit.
Data collection procedures

A case report form (CRF) was used to systematically
document all data obtained from the caregiver and patient examination findings. At admission, data was collected on the child’s socio-demographic information,
breastfeeding and medical history, as well as presenting
symptoms. Caregivers were asked to grade the severity
of illness using a Visual Analogue Scale (VAS) and about
household information where the child had lived two
months prior to admission. Data on maternal age, marital status, education level and occupation were collected,
if available. Food insecurity was assessed using the validated Household Food Insecurity Access Scale (HFIAS)
[34]. A full physical examination including grade of
edema, dehydration status, skin changes and vital signs
was performed by a study pediatrician. On admission,
weekly during hospitalization, at discharge and during
OTC visits, child’s anthropometric measurements
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(weight, MUAC and length/ height) were taken in accordance with the WHO guidelines [3]. The same
trained study nutritionists took measurements at different time points during ITC and OTC. Child’s body
weight was measured (naked and without shoes) in
triplicate using a digital scale (Seca 813, Hamburg,
Germany) to the nearest 100 g. Triple MUAC measurements were taken on the child’s left arm without clothes,
using standard non-elastic color coded tapes for under
5-year-old children (Child 11.5 red/pac-50, UNICEF) to
the nearest 1 mm. Length/ height was measured in triplicate using an infant length board (Infant/ Child ShorrBoard®, Maryland, USA) to the nearest 1 mm (supine
length was measured for children less than 24 months of
age). Body weight was further measured once daily at 7:
00 AM before the 8:00 AM feed during hospitalization.
On admission, maternal body weight was measured in
triplicate using a digital scale (Seca 813, Hamburg,
Germany) to the nearest 100 g. Height was measured in
triplicate using an adult height board (adult ShorrBoard®, Maryland, USA) to the nearest 1 mm. Before
measurements were taken, mothers were asked to remove shoes and any extra clothes. For measurements
taken in triplicate, the average was considered. WHZ
and height/length-for-age z-score (HAZ) were computed
using WHO Anthro version 3.2.2 [15]. Maternal body
mass index (BMI) expressed in kg/m2 was calculated as
weight in kg divided by the square of the height in meters [35]. Throughout the study period, clinical evaluation of patients was performed by the same study
pediatricians. Likewise, the same study nutritionists were
responsible for conducting nutritional evaluation. This
included monitoring of vital signs, grade of edema, appetite, anthropometry, type and amount of feeding regimens given daily during ITC and bi-weekly during OTC
visits. Based on this, decisions regarding management of
the patients were jointly made.
Laboratory tests

Four [4] ml of blood was drawn by venipuncture and
placed into heparinized vacutainer tubes (Becton Dickinson, Franklin lakes, NJ USA) by the study doctor or
nurse. Complete blood counts were analyzed using a
coulter counter at the Uganda cancer institute laboratory. HIV serological testing was done at MNU side lab
using rapid tests (Determine HIV-1/2 [Abbot Laboratories USA], and positive samples were confirmed with
HIV-1/2 Stat-Pak Dipstick Assay kit. HIV DNA/PCR
test was done at the hospital’s HIV clinic for all children
aged below 18 months with a positive serology test.
Plasma was obtained by centrifuging at 1300-2200G for
10 min, then stored at − 80 °C at Immunology Laboratory, Mulago Hospital until shipped on dry ice to the
Department of Nutrition, Exercise and Sports, University
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of Copenhagen, Denmark. Plasma C-reactive Protein
(CRP) was measured by high sensitive kit on an ABK
Pentra 400 (Horiba, Montpellier, France).
Data handling and statistical analysis

All data were double entered into Epidata Version3.1
(Odense, Denmark) and analyzed using R version 3.5.1
(R Core Team, 2017), with the extension packages plyr,
dplyr, lme4, multcomp, car and ggplot2. Missing daily
weight data were imputed using the “linear
interpolation” approach, whereby a missing value was
linearly interpolated by using values before and after the
missing one [36]. Daily weight gain data were organized
according to days of follow-up per treatment phase depending on the feeds received and daily energy intake.
For ITC, weight gain velocity is presented based on 8, 4
and 5 days in stabilization, transition and rehabilitation
phases, respectively. For OTC, it is presented based on 8
and 12 weeks. MUAC gain velocity is presented weekly
and bi-weekly for ITC and OTC, respectively. The terms
“rehabilitation phase” and “OTC” refer to the rehabilitation phase in ITC and OTC, respectively.
Baseline child, maternal and household characteristics
based on continuous variables were presented as means
± standard deviations (SD) or median [interquartile
range (IQR)], and categorical variables were presented as
percentages (n). To evaluate whether median duration of
treatment phases differed by edema at admission, we
used Mann-Whitney U Test.
Linear mixed-effects models (with restricted maximum
likelihood estimation) were used to investigate the
changes in weight and MUAC gain velocities between
time points during ITC and OTC, adjusted for a priori
potential confounders (age, sex, HIV status). The models
included child-specific random intercepts and robust
SEs were used. Because weight gain differs by edema at
admission [5, 7], the models also included interaction
terms between time of follow-up and edema at
admission. To obtain estimate changes (b-coefficients)
due to exposure between time points, unadjusted and
age-sex adjusted models were fitted separately for
stabilization, transition, rehabilitation and OTC. All
models were checked based on residuals and predicted
random effects using residuals plots and normal probability plots. P-values below 0.05 were considered statistically significant.

Results
Among 400 children with SAM enrolled into the parent
ProbiSAM trial, the median (IQR) age was 15.0 (11.2;
19.2) months, 58% were males, and 65% presented with
edema (Table 1). Of these 400, 341 (85%) progressed
from stabilization phase to transition and 330 (83%) progressed to rehabilitation phase. Eventually, 327 (82%)
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Table 1 Baseline characteristics of 400 children admitted with
severe acute malnutrition a
Characteristic

N

Child
Age (months)

400 15.0 (11.2; 19.2)

Female sex

400 170 (42%)

Weight-for-length/height Z-score

387 −2.9 (− 3.7; −
1.5)

Length/height-for-age Z-score

387 − 3.1 ± 1.4

Currently breastfeeding

374 54 (14%)

Edema

399

No

138 (35%)

Yes

261 (65%)

Diarrhoea

400 241 (60%)

Dehydration

395 10 (3%)

Tuberculosis suspected

400 76 (19%)

Pneumonia

400 68 (17%)

HIV status

368

Positive

43 (12%)

Negative, exposed

72 (20%)

Negative
Serum C-reactive protein (mg/L)

253 (69%)
352

< 10

134 (38%)

≥ 10

218 (62%)

Hemoglobin (g/dL)

298 8.9 (7.8; 10.1)

Severity of illness b

399 6.0 (5.0; 7.0)

Mother
Age

356 24.0 (21.0; 28.0)
2

BMI (kg/m )

334 22.7 (20.9; 25.3)

Education

385

Primary

181 (47%)

Secondary or higher

153 (40%)

HIV positive
Household
Household food insecurity access scale score

c

340 109 (32%)
389
5.8 ± 7.0

a
Data are number of children with data (N), and median (interquartile range)
or mean ± standard deviation or number (%)
b
Evaluated by the caregiver on a visual analogue scale from 0 to 10, where
0 = perfectly healthy, 10 = as sick as I can imagine
c
A measure of food insecurity in the household in the past four weeks on a
scale from 0 to 27; the higher the score, the more food insecure the
household has been

were discharged and transferred to OTC (Fig. 1). Of the
discharged children, 261 (80%) reached nutritional recovery, majority of whom (77%) recovered within 8
weeks of follow-up.
The overall median (IQR) duration of stay in the
stabilization, transition and rehabilitation phases of ITC
and, hospitalization was 7 (5; 11), 3 (2; 5), 4 (3; 5) and 17

(12; 22) days, respectively (data not shown). In OTC, it
was 56 (56; 58) days, but was pre-defined by the parent
trial. As shown in Supplemental Table 1, the median
(IQR) duration of stay was longer in the stabilization
phase [8 (5; 12) days vs 7 (4; 10) days, P < 0.001] but
shorter in the transition phase [3 (2; 5) days vs 3 (2; 6)
days, P = 0.026] among children with edema compared
to those without edema at admission, whereas there
were no differences in the rehabilitation phase in ITC, in
hospitalization and in OTC, P > 0.08.
As seen in Fig. 2 (panel A), during ITC, children with
edema had negative daily weight gain velocities throughout the stabilization phase and the initial 2 days of transition. This was followed by positive weight gain
velocities, peaking at 12 g/kg/d three days into the rehabilitation phase. Among children without edema the
mean weight gain velocities were variable, but mainly
positive during the stabilization phase, but were then
similar to what was seen for children with edema during
the transition and rehabilitation phases. During OTC
(Fig. 2, panel B), among children with edema at admission, the mean weight gain velocities declined
from around 5 g/kg/d during the first 2 weeks to
around 2 g/kg/d from 6 to 8 weeks. For children without
edema at admission, the weight gain velocities were
slightly lower during the first 2 weeks and peaked
after 4 weeks.
The weight gain velocities were, however, highly
variable for each child over time and between children
at a given time as shown in Supplemental Fig. 1. The
spaghetti plot shows changes in weight gain velocities by
treatment phase from four children i.e., a 16 months old
non-breastfed, HIV positive child (child 1), a 51 months
old non-breastfed, HIV negative child (child 2), both
with edema and diarrhoea at admission, as well as 11
months old breastfed child without diarrhoea at admission (child 3) and a 23 months old non-breastfed child
(child 4) with diarrhoea at admission, both HIV exposed
and without edema at admission.
In Table 2, the differences in mean daily weight gain
velocities during ITC and OTC for edematous compared
to non-edematous children are given. In the stabilization
phase, there was no difference at day 2, whereas weight
gain velocity in children admitted with edema was 11–
13 g/kg/d lower at day 3 and 4 compared to children
admitted without edema. From day 5 to 8, the point
estimates were consistently lower among edematous
children, but the differences in weight gain velocity were
not significant. Yet, there was no significant interaction
between edema status at admission and time (P = 0.315).
The estimates did not change after age and sex adjustments. Also, further adjustment for HIV status did not
change the estimates by much, hence it was not included
in the final models. There were no differences in weight
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Fig. 1 Flow chart of study participants

gain velocities by edema at admission in the transition
and rehabilitation phases. In OTC, a 2 g/kg/d higher
weight gain velocity was seen in edematous vs nonedematous children up to 2 weeks, whereas no differences were seen afterwards.

Figure 3 shows changes in mean MUAC gain velocities
for children hospitalized for 4 weeks or less and those
who recovered within 8 weeks in OTC by treatment
phase and edema at admission. During ITC (Fig. 3,
panel A), among children with edema, the mean MUAC

Fig. 2 Weight gain velocity presented as mean (standard error) g/kg/d for children with severe acute malnutrition by edema at admission and
treatment phase

Kamugisha et al. BMC Nutrition

(2021) 7:26

Page 7 of 13

Table 2 Differences in weight gain velocities for children admitted with edematous compared to non-edematous severe acute
malnutrition during the stabilization, transition and rehabilitation phases of inpatient therapeutic care, and during outpatient
therapeutic care†

Stabilization

Transition

Rehabilitation

Outpatient

Time

n

Day 2

360

Day 3

351

Unadjusted

Age-sex adjusted

Edema x time

b (95%CI)

b (95%CI)

P-value

0.72 (−8.43; 9.87)

0.75 (− 8.45; 9.95)

0.315

− 11.27 (−20.68; − 1.85)*

− 11.26 (− 20.73; − 1.79)*

Day 4

319

− 13.10 (− 23.12; − 3.08)*

− 13.09 (− 23.15; − 3.02)*

Day 5

283

−4.61 (− 15.22; 6.00)

− 4.63 (− 15.27; 6.02)

Day 6

250

− 9.78 (− 20.96; 1.40)

− 9.82 (− 21.04; 1.40)

Day 7

209

−7.63 (− 19.80; 4.55)

−7.66 (− 19.87; 4.55)

Day 8

179

− 11.91 (− 25.85; 2.02)

−12.02 (− 26.00; 1.96)

Day 1

302

−1.77 (−9.81; 6.29)

− 1.70 (− 9.85; 6.45)

Day 2

258

− 2.40 (− 11.01; 6.23)

− 2.33 (− 11.05; 6.38)

Day 3

201

1.10 (− 8.57; 10.77)

1.14 (− 8.58; 10.86)

Day 4

146

0.74 (−10.70; 12.18)

0.79 (−10.71; 12.30)

Day 1

282

−0.65 (−9.12; 7.82)

− 0.21 (−8.77; 8.34)

Day 2

258

−0.46 (−9.36; 8.42)

− 0.11 (− 9.057; 8.84)

Day 3

231

1.25 (−8.14; 10.63)

1.57 (−7.86; 11.00)

Day 4

171

−2.65 (− 13.31; 8.01)

−2.31 (− 13.01; 8.39)

Day 5

117

−2.19 (−15.06; 10.69)

−1.90 (− 14.80; 11.01)

Week 2

295

1.90 (0.84; 2.95)*

2.09 (1.03; 3.15) *

Week 4

285

−0.70 (−1.77; 0.37)

−0.49 (− 1.57; 0.58)

Week 6

284

−0.64 (−1.71; 0.43)

− 0.44 (− 1.52; 0.64)

Week 8

284

−0.50 (−1.58; 0.58)

− 0.31 (− 1.39; 0.77)

Week 10

27

−0.43 (−3.40; 2.94)

− 0.31 (− 3.67; 3.05)

Week 12

19

2.55 (−1.47; 6.58)

2.75 (−1.27; 6.76)

0.918

0.995

0.002

† Data are number (n), regression coefficients (b) and 95% confidence intervals (CI). *P < 0.05. During ITC, numbers are varying each day because children are
transferred from one phase to another based on condition. During OTC, there are small variations in numbers analyzed (week 2–8) because of missing data. After
8 weeks, the numbers are very few because follow-up was ended at 8 weeks for those who had recovered

gain velocity was negative during the first 1 week but
then increased steadily, peaking at around 4 mm/week
after 4 weeks. Among children without edema, the mean
MUAC gain velocities declined from around 2 to around
1 mm/week after 2 weeks, but increased to around 3.5
mm/week after 4 weeks, similar to what was seen for
children with edema. During OTC (Fig. 3, panel B),
mean MUAC gain velocities declined from around 3
mm/week after 2 weeks to < 1 mm/week from 6 to 8
weeks, irrespective of edema at admission.
Table 3 shows the differences in mean weekly and biweekly MUAC gain velocities during ITC and OTC,
respectively, for edematous compared to non-edematous
children.
In ITC, a 2 mm/week lower MUAC gain velocity was
seen in children with edema vs without edema at admission up to 1 week, whereas no differences were seen
afterwards. In OTC, there was a marginally higher mean

difference in MUAC gain velocities after 2 weeks and
similar but lower mean differences after 4, 6, and 8
weeks in edematous vs non-edematous children. These
differences were however not statistically significant.
For MUAC and weight gain velocities for children
who stayed longer than 4 weeks in ITC and 8 weeks in
OTC, supplemental Figs. 2 and 3 are available.

Discussion
Variability in weight gain velocity

The striking variability in daily weight gain velocity, particularly in the stabilization phase, may be due to considerable biological variation as well as technical error.
Diarrhoea and vomiting are common among children
with SAM and cause dehydration [3, 37, 38]. In this
study, 60% of the children had diarrhea while 43% had
vomiting at admission and others developed diarrhoea
during hospitalization. Hydration status and substances
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Fig. 3 Mid-upper arm circumference (MUAC) gain velocity presented as mean (standard error) mm/week for children with severe acute
malnutrition who were discharged in ≤ 4 weeks and those who recovered in ≤ 8 weeks by edema at admission and treatment phase

in the digestive tract can lead to variations in weight
within short periods of time, because of changes in total
body water [27]. There is limited published literature describing day to day changes in weight gain velocity
among acutely ill hospitalized children with SAM. A
study of Bangladeshi children with SAM and cholera
found an average weight gain of around 9 to 11% after
24 to 72 h of inpatient treatment [39]. In another study
of Rwandan children with gastroenteritis (not severely
malnourished), Pringle et al. [40] reported a median
percentage weight gain of 4.8% from admission to discharge, and over 10% weight gain in 28% of the children.
In a study of Kenyan children (24% of whom had SAM)

with clinical signs of dehydration, body weight measurements at admission and after 48 h indicated a significant
change in weight following rehydration [27]. The same
study found that 75 and 25% of the children gained and
lost weight, respectively, and the authors attributed the
observed weight changes to changes in body water and
not tissue deposition [27]. A child with SAM is unlikely
to put on tissue during the initial phase, as the starter
feed used for stabilization (F-75) is only for maintenance
of basic physiological processes [11], and nearly all
weight change can be related to water movements due
to edema, fluid shifting (activation of Na-K pumps),
diarrhoea or rehydration fluids. It is not uncommon to

Table 3 Differences in mid-upper arm circumference (MUAC) gain velocities for children admitted with edematous compared to
non-edematous severe acute malnutrition during inpatient therapeutic care and outpatient therapeutic care†

Inpatient

Outpatient

Unadjusted

Age-sex adjusted

Edema x time

Time

n

b (95%CI)

b (95%CI)

P-value

Week 1

335

−2.44 (−3.74; −1.14)*

− 2.30 (− 3.6; − 0.97)*

0.298

Week 2

186

−1.01 (− 2.77; 0.75)

−0.91 (− 2.68; 0.86)

Week 3

69

0.80 (−2.13; 3.73)

0.86 (− 2.08; 3.79)

Week 4

26

0.23 (−2.13; 3.73)

0.22 (−4.18; 4.63)

Week 5

15

0.15 (−5.65; 5.94)

0.10 (−5.70; 5.89)

Week 2

295

0.57 (−0.15; 1.28)

0.65 (− 0.07; 1.37)

Week 4

285

−0.53 (−1.26; 0.20)

− 0.45 (− 1.18; 0.29)

Week 6

284

−0.49 (−1.22; 0.24)

− 0.41 (− 1.14; 0.33)

Week 8

284

−0.43 (−1.17; 0.31)

− 0.35 (− 1.09; 0.39)

Week 10

27

1.63 (−0.66; 3.93)

1.68 (−0.61; 3.98)

Week 12

19

−0.58 (−3.32; 2.15)

− 0.53 (−3.27; 2.21)

0.091

† Data are number (n), regression coefficients (b) and 95% confidence intervals (CI). *P < 0.001. During ITC, numbers are varying each week because children are
transferred from one phase to another based on condition. During OTC, there are small variations in numbers analyzed (week 2–8) because of missing data. After
8 weeks, the numbers are very few because follow-up was ended at 8 weeks for those who had recovered
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see a dehydrated child with diarrhoea who has lost 5% of
its body weight within a few days [27, 40, 41]. This corresponds to a change of 50 g/kg. When these children
are rehydrated, they get a weight gain of the same amplitude. These results are also consistent with findings of
the Kenyan study described above, showing that it may
be possible that a child is categorized as SAM due to
dehydration, but, after rehydration, the child may be
classified as MAM [27]. Therefore, re-assessment of
anthropometry and re-categorization of nutritional status should be considered for better case management.
However, during the rehabilitation phase, significantly
smaller weight gains of around 10 to 15 g/kg/d have
been observed [10, 21]. Further, in this study, weighing
scales with a low precision (100 g) were used. Also, daily
single weight measurements, except for weekly triple
measurements, were taken during hospitalization. These
factors are likely to have contributed to the high day-today variation in weight gain velocity. However, a much
less variation in weight gain velocity was seen during
outpatient treatment because there is less biological
variation (less vomiting, diarrhoea and fever), and the estimate is based on the mean of triple measurements taken
over 2-week periods. Weight gain velocity estimate requires
two measurements and as such, it involves two measurement errors. Moreover, measurement errors are greater
with single compared to repeated measurements [42].
Furthermore, weight gain velocities were variable among
the children, suggesting a variable response to treatment.
Changes in weight gain velocities

As expected, a mean negative weight gain velocity was
found among children with edema compared to those
without edema at admission in the stabilization phase.
This is related to weight loss due to edema resolution
during initial feeding with a low-calorie, specialized formula, F-75. This finding is consistent with those of an
old study of hospitalized young Jamaican children with
SAM, indicating that individual mean weight gain velocity during the acute phase when children were receiving a “maintenance” diet varied between − 10.9 to − 7.3
g/kg/d [23]. The authors concluded that the observed
negative weight gain velocity was explained by a negative
energy balance [23]. It is important to note that the children in the Jamaican study had no diarrhoea unlike in
the current study. Another study in the Democratic
Republic of Congo observed that in the first 7 days of
hospitalization, attained weight first dropped among
children with edematous SAM, while it remained stable
among children non-edematous SAM, but then it
increased from 7 to 21 days in both types of SAM [9].
Although we found no interaction between time of
follow-up and edema at admission, there was a lower
difference in mean weight gain velocity at days 3 and 4
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among children with edema vs no edema. Nonetheless,
we had expected to see large differences in the first few
days, and then declining differences. The reason we did
not see this is probably that those responding were transitioned, thus, those remaining in stabilization were
those who responded with a delay.
A positive weight gain velocity was observed during
transition and rehabilitation phases with no differences
between edematous and non- edematous children (P for
interaction > 0.9). Weight gain velocity ranged from
around 2 g/kg/d to around 12 g/kg/d from day 1 to day
3, and from around 12 g/kg/d to around 8 g/kg/d from
day 3 to day 5 of the rehabilitation phase. These results
indicate that there is accelerated catch-up growth in the
first few days of rehabilitation phase and later on, the
catch-up growth is gradual, as expected. This is
explained by the change in diet from F-75 to RUTF or
F-100, which are higher energy and protein “catch-up”
formulae intended to rebuild wasted tissues [3, 11]. Our
findings are in agreement with those of Spady et al. [23]
who found mean weight gain velocities ranging from 3.2
to 21.5 g/kg/d among hospitalized children with SAM
who were receiving a high energy diet for catch-up
growth during the rehabilitation phase.
The observed decreasing trend of weight gain velocity
during OTC is not surprising since during recovery from
SAM, a rapid weight gain velocity is seen initially when
children have low WHZ, but then it falls to 1–2 g/kg/d
when a normal WHZ is approached [43, 44]. Studies
have shown that WHZ is inversely correlated with
weight gain velocity in OTC [13, 45]. This finding is
consistent with those of recent studies of young children
recovering from uncomplicated SAM which found a
rapid decrease in weight gain velocity after the initial
weeks of treatment [25, 26]. However, the weight gain
velocity from 4 weeks onwards was higher in the current
study than in the study by Kangas et al. [25]. These results suggest that children with complicated SAM have a
prolonged catch-up growth and indicate that catch-up
may depend on how sick the child has been. Further, we
found higher weight gain velocity over the first 2 weeks
in children with compared to those without edema at
admission (P = 0.002 for interaction between edema and
time), suggesting accelerated catch-up growth in those
with edema at admission. Kwashiorkor is often considered an acute dysadaptation; after disappearance of
edema, children achieve accelerated growth and later on
it is gradual. In contrast, marasmus is believed to be a
chronic reductive adaptation, thus, children have a gradual onset of catch up. These findings are also consistent
with those of a study of Indian children admitted
with SAM, showing that those with non-edematous SAM
started gaining weight earlier than their edematous counter parts: mean (SD) 4.4 (3.9) days vs 11.4 [7] days [22].
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A constant weight gain velocity expressed in g/kg/d reflects an exponential growth, which is never seen in multicellular organisms. Hence, it is bound to decrease over
time and it is not surprising that we see this in all studies
including this one. This has important implications when
weight gain velocity is used to assess catch-up growth as
part of a national or international health policy. The
WHO guidelines [3, 11] mention just one set of criteria to
assess weight gain velocity, which may be valid only at the
beginning of the rehabilitation phase, but no more after a
few weeks of treatment. This highlights the need for
considering use of different cut-offs to assess weight gain
velocity at different stages of catch-up growth.
Changes in MUAC gain velocities

During ITC, a negative trend of MUAC was seen among
children with edema at admission, whereas a declining
trend was seen among children without edema at admission in the early period. This is similar to what was observed for weight gain velocity during the stabilization
phase and is mainly explained by edema resolution. From
2 weeks onwards (during catch-up), MUAC gain velocity
is positive and shows an increasing trend in both groups,
with no difference by edema at admission, similar to what
was observed for weight gain velocity during transition
and rehabilitation phases. During OTC, the observed
decreasing trend of MUAC gain velocity over time mirrors
that of weight gain velocity, suggesting a decreasing trend
in MUAC growth. This finding is consistent with those of
other studies [26, 29]. A recent study in the Gambia of
children with uncomplicated SAM demonstrated a
positive correlation between percentage weight gain and
percentage MUAC gain [14]. Similarities between attained
weight changes and MUAC changes at each follow-up
visit in OTC have also been reported in a study of Indian
children [46] and another study that compared data for
children with uncomplicated SAM from two countries in
Africa (Malawi, Ethiopia) and one in Asia (Bangladesh)
[47], plus a large study in Burkina Faso [13]. A study in
Malawi also found that changes in mean MUAC are
directly related to changes in mean body weight during
treatment of moderately malnourished children [48].
In the current study, we found less variability in
MUAC gain velocity than seen in weight gain velocity.
This finding is consistent with those of Mwangome et al.
[27] showing that MUAC is less affected by hydration
status than weight. There are currently no internationally agreed standards relating to use of MUAC as a tool
for monitoring response to nutritional rehabilitation.
However, these results provide evidence regarding the
potential of MUAC gain velocity in tracking catch-up
growth among children recovering from SAM.
Overall, these results suggest that recovery continues
throughout treatment in OTC, similar to findings by

Page 10 of 13

Kangas et al. [25]. This observation has important clinical
implications as SAM affects different body components that
may take a while to recover. A study based on the same
population as ours found that thymus gland does not recover after 8 weeks of treatment in OTC, despite recovery
of MUAC [49]. This could partly explain the high postdischarge mortality reported in many studies of children
with SAM. These results suggest that OTC follow-up
should not be ended based on recovery of simple anthropometric parameters as per the current WHO guidelines [3].
Strengths and limitations

This is among the few studies that describe the changes in
both weight and MUAC gain velocities among children
with complicated SAM by treatment phase and edema at
admission. The limitations include measurement of weight
using a weighing scale with a low precision (100 g) and
taking single measurements on most days. However, body
weight measurements were taken at the same time (i.e.
one hour after feeding) by trained nutritionists and, daily
single measurements were replaced with means of triple
weekly measurements when available. Moreover, missing
data could have introduced bias, but we used linear
interpolation to impute the missing values for daily weight
data using values before and after the “missing value” in
order to yield a more complete data set [36].

Conclusions
Despite the huge variability in weight gain velocity in the
stabilization phase, we find evidence of an increasing
trend during transition and early in the rehabilitation
phase in ITC followed by a decreasing trend, but, overall,
there is elongated catch-up growth among Ugandan
children with complicated SAM. The study also reveals
that children with edematous SAM have a higher weight
gain velocity over the first 2 weeks in OTC compared to
those with non-edematous SAM, which is suggestive of
accelerated catch-up growth among those with edema at
admission. Further, changes in MUAC gain velocity
over time mirrored those of weight gain velocity but
with less variability. The results support the WHO
guidelines [7, 11] that require that changes in weight
be monitored closely during stabilization to assess
water movements for clinical management purposes.
To minimize relapse to SAM and subsequent mortality, policy makers and practitioners should augment
the current WHO discharge criteria [3] by considering a longer period of OTC follow-up. Moreover, the
finding that higher weight gain velocities are expected
initially in the rehabilitation phase highlights the need
for different cut-off values for different periods of rehabilitation but this needs to be studied. Future studies should also consider MUAC gain in assessing
growth in clinical settings because it is less affected
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by short-term changes that affect weight and hydration status (vomiting, drinking, eating, passing urine
or diarrheal stools), and could potentially be used
alongside weight gain, as a marker of growth, especially in
the rehabilitation phase.
Abbreviations
BMI: Body mass index; CI: Confidence interval; EED: Environmental enteric
dysfunction; HAZ: Height/length-for-age z-score; HFIAS: Household Food
Insecurity Access Scale; HIV: Human Immunodeficiency Virus;
IMAM: Integrated management of acute malnutrition; ITC: Inpatient
therapeutic care; MNU: Mwanamugimu Nutrition Unit; MUAC: Mid-upper arm
circumference; NDA: Uganda National Drug Authority; OTC: Outpatient
therapeutic care; ReSoMal: Rehydration Solution for the Malnourished;
RUTF: Ready-to-Use Therapeutic Food; SAM: Severe acute malnutrition;
SOMREC: Makerere University School of Medicine Research Ethics
Committee; UNCST: Uganda National Council for Science and Technology;
VAS: Visual analogue scale; CRF: Case report form; WHO: World Health
Organization; WHZ: Weight-for-length/height z-score

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s40795-021-00428-0.
Additional file 1: Supplemental Table 1. Duration of stay and
outcome of children admitted with severe acute malnutrition by edema
at admission a.
Additional file 2: Supplemental Figure 1. Spaghetti plot showing
variability in weight gain velocity among four selected children with
severe acute malnutrition by treatment phase. Data are presented as
absolute values (g/kg/d). Child 1, 16 months old non-breastfed, HIV positive with oedema and diarrhoea at admission; child 2, 51 months old,
non-breastfed, HIV negative and, with oedema and diarrhoea at admission; child 3, 11 months old, breastfed, HIV exposed and, with no diarrhoea or oedema at admission; child 4, 23 months old, non-breastfed, HIV
exposed, with diarrhoea at admission and no oedema at admission.
Additional file 3: Supplemental Figure 2. Mid-upper arm circumference (MUAC) gain velocity presented as mean (standard error) mm/week
for children with severe acute malnutrition who stayed longer than 4
weeks in inpatient therapeutic care and 8 weeks in outpatient therapeutic
care by edema at admission and treatment phase.
Additional file 4: Supplemental Figure 3. Weight gain velocity
presented as mean (standard error) g/kg/d for children with severe acute
malnutrition who stayed longer than 8 weeks in outpatient therapeutic
care by edema at admission.
Acknowledgements
Felix Anderson is acknowledged for helping with statistical analysis. We
thank Chr. Hansen A/S, University of Copenhagen, and Innovation Fund
Denmark for funding this study.
Authors’ contributions
JGKK, HF and BG: designed the study; NNB, BG and BL were responsible for
data collection; JGKK and CR: analyzed the data; JGKK, CR, HF, BG, AB, KMF,
CM, EM and HNL: contributed to the interpretation of the data; JGKK: drafted
the manuscript and had primary responsibility for the final content; and all
authors: contributed to the manuscript revisions and, read and approved the
final manuscript.
Funding
The study was funded by Chr. Hansen A/S, University of Copenhagen, and
Innovation Fund Denmark. The sponsor did not have any role in the design,
data collection, data analysis or interpretation of the work presented.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Page 11 of 13

Declarations
Ethics approval and consent to participate
The study was approved by the Makerere University School of Medicine
Research Ethics Committee (SOMREC), Uganda National Council for Science
and Technology (UNCST) and Uganda National Drug Authority (NDA). A
consultative approval was given by The National Committee of Health
Research Ethics in Denmark. Written informed consent was obtained from all
parents or legal guardians. Thorough information about the study and
examinations was given orally and in writing, in English and Luganda (local
language). Participation in the study was free of charge and children whose
caregivers refused to participate in or withdrew from the study received the
standard of care. All methods were performed in accordance with the
relevant guidelines and regulations involving human research.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Mwanamugimu Nutrition Unit, Department of Pediatrics, Mulago National
Referral Hospital, P.O. Box 7051, Kampala, Uganda. 2Department of Nutrition,
Exercise and Sports, University of Copenhagen, 1958 Frederiksberg C,
Denmark. 3Department of Pediatrics and Child Health, College of Health
Sciences, Makerere University, P.O. Box 7072, Kampala, Uganda. 4Department
of Pediatrics, Jinja Regional Referral Hospital, Jinja, Uganda. 5Center for Child
Health Research, Faculty of Medicine and Health Technology, Tampere
University, Arvo building, Arvo Ylpön katu 34, FIN-33014 Tampere University,
Tampere, Finland.
Received: 5 January 2021 Accepted: 1 April 2021

References
1. United Nations Children’s Fund (UNICEF), World Health Organization,
International Bank for Reconstruction and Development/The World Bank.
Levels and trends in child malnutrition: key findings of the 2019 Edition of
the Joint Child Malnutrition Estimates. Geneva: World Health Organization;
2019 [Cited 2019 Apr 24]. Available from: <data.unicef.org/nutrition>; <
www.int/nutgrowthdb>; <data.worldbank.org>.
2. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al.
Maternal and child undernutrition and overweight in low-income and
middle-income countries. Lancet. 2013;382(9890):427–51. https://doi.org/1
0.1016/S0140-6736(13)60937-X.
3. WHO. Guideline: Updates on management of severe acute malnutrition in
infants and children. Geneva: World Health Organization; 2013 [cited 2019
Apr 25]. Available from: https://www.ncbi.nlm.nih.gov/books/NBK190328/
4. WHO/UNICEF. Joint statement. WHO child growth standards and the
identification of severe acute malnutrition in infants and children [Internet].
WHO Press; 2009 [cited 2019 Apr 25]. Available from: https://apps.who.int/
iris/bitstream/handle/10665/44129/9789241598163_eng.pdf?ua=1
5. World Health Organization. Chapter 7: Severe acute malnutrition. In: Pocket
book of hospital care for children: guidelines for the management of
common childhood illnesses. 2nd ed. Geneva: WHO Press; 2013 [cited 2019
May 6]. p. 197–233. Available from: https://apps.who.int/iris/bitstream/ha
ndle/10665/81170/9789241548373_eng.pdf?sequence=1&isAllowed=y
6. World Health Organization, Department of Nutrition for Health and
Development (NHD), Switzerland, Geneva, and, Regional Office for SouthEast Asia (SEARO), New Delhi, India, World Health Organization, Public
Health Nutrition Unit of the, London School of Hygiene and Tropical
Medicine, London, UK. Training Course on the Management of Severe
Malnutrition: Module 5. Daily care [Internet]. 2002 [cited 2019 May 6].
Available from: https://apps.who.int/iris/bitstream/handle/10665/70449/
WHO_NHD_02.4_Module5_eng.pdf?sequence=8.
7. World Health Organization, Department of Nutrition for Health and
Development (NHD), Geneva, Switzerland, and, Regional Office for SouthEast Asia (SEARO), New Delhi, India, World Health Organization, Public
Health Nutrition Unit of the, London School of Hygiene and Tropical
Medicine, London, UK. Training Course on the Management of Severe

Kamugisha et al. BMC Nutrition

8.

9.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

(2021) 7:26

Malnutrition: Module 6. Monitoring and solving problems [Internet]. 2009
[cited 2019 Apr 30]. Available from: https://apps.who.int/iris/bitstream/ha
ndle/10665/70449/WHO_NHD_02.4_Module6_eng.pdf;jsessionid=FF92EBE04
B8D27C31FA52BFFA2092015?sequence=9
The ENN, and Nutrition Works. Harmonized Training Package (HTP):
Resource Material for Training on Nutrition in Emergencies, Version 2
[Internet]. 2014 [cited 2019 May 6]. Available from: https://www.ennonline.
net/attachments/2048/HTP-v2-module-13-technical-notes.pdf
Mumbere M, Katsuva Mbahweka F, Furaha Nzanzu BP. Management of
severe acute malnutrition by cow milk in resource constraints settings:
experience of the Nutritional Centre of the University Clinics of Graben.
BMC Pediatr. 2018;18(1):140.
Diop EHI, Dossou NI, Ndour MM, Briend A, Wade S. Comparison of the
efficacy of a solid ready-to-use food and a liquid, milk-based diet for the
rehabilitation of severely malnourished children: a randomized trial. Am J
Clin Nutr. 2003 Aug 1;78(2):302–7. https://doi.org/10.1093/ajcn/78.2.302.
WHO. Guidelines for the inpatient treatment of severely malnourished
children. Geneva: World Health Organization; 2003 [cited 2020 Aug 31]. 48
p. Available from: https://www.who.int/nutrition/publications/malnutrition/
en/index.html
WHO. Management of severe malnutrition: a manual for physicians and
other senior health workers. Geneva: World Health Organization; 1999.
Goossens S, Bekele Y, Yun O, Harczi G, Ouannes M, Shepherd S. Mid-Upper
Arm Circumference Based Nutrition Programming: Evidence for a New
Approach in Regions with High Burden of Acute Malnutrition. Wiley AS,
editor. PLoS One. 2012;7(11):e49320.
Burrell A, Kerac M, Nabwera H. Monitoring and discharging children being
treated for severe acute malnutrition using mid-upper arm circumference:
secondary data analysis from rural Gambia. Int Health. 2017;9(4):226–33.
https://doi.org/10.1093/inthealth/ihx022.
Tadesse AW, Tadesse E, Berhane Y, Ekström E-C. Choosing Anthropometric
Indicators to Monitor the Response to Treatment for Severe Acute
Malnutrition in Rural Southern Ethiopia—Empirical Evidence 2017;13.
Trehan I, Goldbach HS, LaGrone LN, Meuli GJ, Wang RJ, Maleta KM, et al.
Antibiotics as part of the Management of Severe Acute Malnutrition. N Engl
J Med. 2013;368(5):425–35. https://doi.org/10.1056/NEJMoa1202851.
Nga TT, Nguyen M, Mathisen R, Wieringa FT. Acceptability and impact on
anthropometry of a locally developed Ready-to-use therapeutic food in preschool children in Vietnam 2013;8.
Collins S, Sadler K. Outpatient care for severely malnourished children in
emergency relief programmes: a retrospective cohort study. Lancet. 2002;
360(9348):1824–30. https://doi.org/10.1016/S0140-6736(02)11770-3.
Ndzo JA, Jackson A. Outcomes of children aged 6–59 months with severe
acute malnutrition at the GADO outpatient therapeutic Center in Cameroon.
BMC Res Notes. 2018 Dec;11(1):68. https://doi.org/10.1186/s13104-018-3177-0.
Atnafe B, Roba KT, Dingeta T. Time of recovery and associated factors of
children with severe acute malnutrition treated at outpatient therapeutic
feeding program in Dire Dawa, Eastern Ethiopia. Gopichandran V, editor.
PLoS One. 2019;14(6):e0217344.
HM SFZ. Effect of Short-Term of Nutrition Rehabilitation on Catch-up
Growth in Marasmus and Kwashiorkor Children. J Food Nutr Disor. 2013;02:
04 Available from: https://www.scitechnol.com/effect-of-shortterm-nutritionrehabilitation-on-catchup-growth-in-marasmusand-kwashiorkor-children5zuQ.php?article_id=1558 [cited 2020 10 May].
Maurya M, Singh DK, Rai R, Mishra PC, Srivastava A. An experience of facilitybased management of severe acute malnutrition in children aged between
6–59 months adopting the World Health Organization recommendations.
Indian Pediatr. 2014;51(6):481–3. https://doi.org/10.1007/s13312-014-0432-x.
Spady DW, Payne PR, Picou D, Waterlow JC. Energy balance during recovery
from malnutrition. Am J Clin Nutr. 1976;29(10):1073–88. https://doi.org/10.1
093/ajcn/29.10.1073.
Ashworth A. Growth rates in children recovering from protein-calorie
malnutrition. Br J Nutr. 1969;23(4):835–45. https://doi.org/10.1079/BJN1
9690094.
Kangas ST, Salpéteur C, Nikièma V, Talley L, Ritz C, Friis H, et al. 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. Persson LÅ, editor. PLoS Med. 2019;16(8):e1002887.
Chase RP, Kerac M, Grant A, Manary M, Briend A, Opondo C, et al. Acute
malnutrition recovery energy requirements based on mid-upper arm
circumference: Secondary analysis of feeding program data from 5

Page 12 of 13

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.
44.

countries, Combined Protocol for Acute Malnutrition Study (ComPAS) Stage 1.
Gebremedhin S, editor. PLoS One. 2020;15(6):e0230452.
Mwangome MK, Fegan G, Prentice AM, Berkley JA. Are diagnostic criteria for
acute malnutrition affected by hydration status in hospitalized children? A
repeated measures study. Nutr J. 2011;10(1):92. https://doi.org/10.1186/14
75-2891-10-92.
Grellety E, Krause LK, Shams Eldin M, Porten K, Isanaka S. Comparison of
weight-for-height and mid-upper arm circumference (MUAC) in a
therapeutic feeding programme in South Sudan: is MUAC alone a sufficient
criterion for admission of children at high risk of mortality? Public Health
Nutr. 2015;18(14):2575–81. https://doi.org/10.1017/S1368980015000737.
Jones KD, Hünten-Kirsch B, Laving AM, Munyi CW, Ngari M, Mikusa J, et al.
Mesalazine in the initial management of severely acutely malnourished
children with environmental enteric dysfunction: a pilot randomized controlled
trial. BMC Med. 2014;12(1):133. https://doi.org/10.1186/s12916-014-0133-2.
Grenov B, Namusoke H, Lanyero B, Nabukeera-Barungi N, Ritz C, Mølgaard C,
et al. Effect of probiotics on diarrhea in children with severe acute
malnutrition: a randomized controlled study in Uganda. J Pediatr Gastroenterol
Nutr. 2017;64(3):396–403. https://doi.org/10.1097/MPG.0000000000001515.
Nabukeera-Barungi N, Grenov B, Lanyero B, Namusoke H, Mupere E,
Christensen VB, et al. Predictors of mortality among hospitalized children
with severe acute malnutrition: a prospective study from Uganda. Pediatr
Res. 2018;84(1):92–8.
Lanyero B, Namusoke H, Nabukeera-Barungi N, Grenov B, Mupere E,
Michaelsen KF, et al. Transition from F-75 to ready-to-use therapeutic food
in children with severe acute malnutrition, an observational study in
Uganda. Nutr J. 2017;16(1):52. https://doi.org/10.1186/s12937-017-0276-z.
Ministry of Health Uganda. Integrated Management of Acute Malnutrition
Guidelines. Kampala Uganda: Ministry of Health; 2010 [cited 2019 Apr 29].
Available from: https://www.ennonline.net/integratedmanagementam
Coates J, Swindale A, Bilinsky P. Household Food Insecurity Access Scale
(HFIAS) for Measurement of Food Access: Indicator Guide: Version 3:
(576842013-001) [Internet]. American Psychological Association; 2007 [cited
2019 Apr 19]. Available from: https://doi.apa.org/get-pe-doi.cfm?doi=10.103
7/e576842013-001
WHO Multicentre Growth Reference Study Group. WHO child growth
standards. Length/height-for-age, weight-for-age, weight-for-length, weightfor-height and body mass index-for-age: methods and development.
Department of Nutrition Health and Development. Geneva: World Health
Organization; 2006.
Engels JM, Diehr P. Imputation of missing longitudinal data: a comparison
of methods. J Clin Epidemiol. 2003;10(56):968–76.
Talbert A, Thuo N, Karisa J, Chesaro C, Ohuma E, Ignas J, et al. Diarrhoea
Complicating Severe Acute Malnutrition in Kenyan Children: A Prospective
Descriptive Study of Risk Factors and Outcome. Nizami Q, editor. PLoS One.
2012;7(6):e38321.
Irena AH, Mwambazi M, Mulenga V. Diarrhea is a major killer of children
with severe acute malnutrition admitted to inpatient set-up in Lusaka,
Zambia. Nutr J. 2011;10(1):110. https://doi.org/10.1186/1475-2891-10-110.
Alam NH, Islam S, Sattar S, Monira S, Desjeux J-F. Safety of Rapid
Intravenous Rehydration and Comparative Efficacy of 3 Oral Rehydration
Solutions in the Treatment of Severely Malnourished Children With
Dehydrating Cholera. J Pediatr Gastroenterol Nutr. 2009;48(3):318–27.
Pringle K, Shah SP, Umulisa I, Mark Munyaneza RB, Dushimiyimana JM,
Stegmann K, et al. Comparing the accuracy of the three popular clinical
dehydration scales in children with diarrhea. Int J Emerg Med. 2011;4(1):58.
https://doi.org/10.1186/1865-1380-4-58.
World Health Organization, editor. Pocket book of hospital care for children:
guidelines for the management of common childhood illnesses. 2d ed,
2013 edition. Geneva: World Health Organization; 2013. 412 p. Available
from: https://apps.who.int/iris/handle/10665/81170
World Health Organization, Multicentre Growth Reference Study Group
(MGRSG). WHO Child Growth Standards. Growth Velocity Based on Weight,
Length and Head Circumference. Methods and Development. WHO Press,
Geneve; 2009 [cited 2020 Apr 20]. Available from: https://academic.oup.
com/tropej/article-lookup/doi/10.1093/tropej/fmp086
Ashworth A. Efficacy and Effectiveness of Community-Based Treatment of
Severe Malnutrition. Food Nutr Bull. 2006;27(suppl_3):S24–48.
Fjeld CR, Schoeller DA, Brown KH. Body composition of children recovering
from severe protein-energy malnutrition at two rates of catch-up growth.
Am J Clin Nutr. 1989;50(6):1266–75. https://doi.org/10.1093/ajcn/50.6.1266.

Kamugisha et al. BMC Nutrition

(2021) 7:26

45. Manary MJ. Home based therapy for severe malnutrition with ready-to-use food.
Arch Dis Child. 2004;89(6):557–61. https://doi.org/10.1136/adc.2003.034306.
46. Burza S, Mahajan R, Marino E, Sunyoto T, Shandilya C, Tabrez M, et al.
Community-based management of severe acute malnutrition in India: new
evidence from Bihar. Am J Clin Nutr. 2015;101(4):847–59. https://doi.org/10.3
945/ajcn.114.093294.
47. Binns P, Dale N, Hoq M, Banda C, Myatt M. Relationship between mid upper
arm circumference and weight changes in children aged 6–59 months.
Arch Public Health. 2015;73(1):54. https://doi.org/10.1186/s13690-015-0103-y.
48. Connor NE, Manary MJ. Monitoring the adequacy of catch-up growth
among moderately malnourished children receiving home-based therapy
using mid-upper arm circumference in southern Malawi. Matern Child
Health J. 2011;15(7):980–4. https://doi.org/10.1007/s10995-010-0569-8.
49. Nabukeera-Barungi N, Grenov B, Friis H, Lanyero B, Namusoke H, Mupere E,
et al. Thymus gland size during recovery from complicated severe acute
malnutrition: a prospective study of the role of probiotics. Paediatr Int Child
Health. 2019;39(2):95–103. https://doi.org/10.1080/20469047.2018.1535871.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 13 of 13

