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ABSTRACT
Background: Measures that better describe “healthy” and sustainable recovery during nutritional treatment of children

with moderate acute malnutrition (MAM) are needed.

Objectives: We compared changes to body composition among children receiving 1 of 4 specialized nutritious food

(SNFs) during treatment of MAM and by recovery and relapse outcomes.

Methods: The study was nested within a prospective, cluster-randomized, community-based, cost-effectiveness

trial assessing 4 SNFs to treat children aged 6–59 mo with MAM [midupper arm circumference (MUAC) ≥11.5 cm

and <12.5 cm without bipedal edema] in Sierra Leone. Biweekly SNF rations (1 of 3 fortified-blended foods or a lipid-

based nutrient supplement) were given until children recovered (MUAC ≥12.5 cm), or up to 7 rations (∼12 wk). Deuterium

dilution was used to estimate fat-free mass (FFM) and fat mass (FM) at enrollment and after 4 wk of treatment to ensure

similar treatment exposure among the participants. Another MUAC measurement was performed among recovered

children 4 wk after program exit to determine whether recovery was sustained. ANOVA, paired t tests, and linear

regression models were used to determine significant differences in changes from baseline to 4 wk.

Results: Among 312 analyzed participants, mean baseline weight comprised ∼80% FFM; mean weight gained after

4 wk comprised ∼82% FFM. Changes in FM and FFM among 4 SNFs were similar. Children who recovered gained

more weight (241%), FFM (179%), and weight-for-height z score (0.44 compared with 0) compared with those who did

not recover; sustainers gained 150% more weight. FM gains were positive among recovered children and sustainers,

as well as negative among those who did not recover or sustain recovery, but not significantly different.

Conclusions: Four SNFs had similar effects on body composition in children after 4 wk of treatment for MAM, showing

a healthy pattern of weight gain, the majority being FFM. Differential responses to treatment underscore a need for

further research to provide targets for healthy, sustainable recovery. This trial was registered at clinicaltrials.gov as

NCT03146897. J Nutr 2021;151:2043–2050.
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Introduction

There is growing recognition that supplementary feeding
programs to treat moderate acute malnutrition (MAM) in
children should assess outcomes that complement and expand
on conventional anthropometric indicators, such as midupper
arm circumference (MUAC) and weight-for-height z score
(WHZ) (1–3). The latter anthropometric measures do not

reflect other important aspects of child development such as
cognition, immune function, and long-term health outcomes
(4). In other words, we need a better understanding of and
indicators to measure what constitutes “healthy” recovery
from MAM (5) in order to inform development of more
effective programming and improved short- and long-term
health outcomes for malnourished children.
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Body composition is one such potential indicator; it
measures the proportion of fat mass (FM) compared with fat-
free mass (FFM) in the body, which has been shown to be
important for short-term survival in both healthy and sick
children (6). Evidence also suggests that body composition in
infancy can presage adult noncommunicable disease risk; in
particular, rapid and/or catch-up weight gain in early childhood
has been associated with adiposity, insulin resistance, obesity,
and noncommunicable diseases later in life (7, 8). Currently,
guidelines for absolute or proportional gain of FFM and FM
in children while recovering from MAM are limited (7, 9).
Furthermore, there is debate around whether different com-
positions of specialized nutritious foods (SNFs)—particularly
between fortified blended foods (FBFs) and lipid-based nutrient
supplements (LNSs)—affect body composition and whether
that has consequences for the short-term sustainability of the
recovery from MAM, as well as long-term health and disease
risks (10–12).

Only a few studies have examined body composition in
the context of treatment of MAM, and to our knowledge, no
studies have looked at the relation between body composition
changes during treatment for MAM and short-term relapse
postrecovery. Given the concern for long-term implications
of childhood MAM and treatment with SNFs, more data on
the changes in body composition during SNF treatment for
MAM are needed to help inform programs that are effective
in addressing both short- and long-term health outcomes.

In order to examine the effects of 4 SNFs (including 3 FBFs
and 1 LNS) on changes in body composition, we conducted
a study among a subgroup of children enrolled in a MAM
treatment trial in Sierra Leone. We compared body composition
with the conventional anthropometric measures linked to MAM
recovery and to the sustainability of that recovery posttreatment
(i.e., relapse). We aimed to determine whether changes in FM
and FFM would help to discriminate among responses to
the different SNFs and whether body composition measures
would add meaningfully to the assessment and understanding
of “healthy” recovery beyond the anthropometric measures.

Materials and Methods
Study design
This study was nested within a prospective, cluster-randomized,
controlled clinical and cost-effectiveness trial assessing 4 SNFs to treat
children aged 6–59 mo with MAM, defined as MUAC ≥11.5 cm
and <12.5 cm without bipedal edema, in Pujehun district, Sierra Leone,
from April 2017 to November 2018 (registered at clinicaltrials.gov
as NCT03146897). Participants in this community-based intervention
included eligible children screened at 29 participating peripheral health
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units (PHUs) that were randomized to treat MAM with 1 of 4 SNFs:
corn-soy blend plus (CSB+) with oil, super cereal plus amylase (SC + A),
corn-soy-whey blend with oil, and ready-to-use-supplementary food
(RUSF). Participants were given biweekly rations until they “recovered,”
defined as achieving a MUAC ≥12.5 cm, at which point they were given
a final ration and discharged. Other possible outcomes included children
who deteriorated to severe acute malnutrition (SAM), died, defaulted
(i.e., were lost-to-follow-up), or were considered “failed”if they received
up to 7 rations (∼12 wk) of treatment and remained MAM. More details
on the main study protocol and results can be found elsewhere (13).

Participants and sample size
Participants were recruited from 8 PHUs (2 per arm), selection of which
was purposively based on logistical needs and on the number of MAM
cases, with a target maximum sample size of 200 per study arm within
the allocated data collection time. All participants (beneficiary children
and their caregivers) at the selected PHUs were eligible to enroll in
the study. Accounting for clustering (using a moderate design effect of
1.115, as low intraclass correlation was expected), stratified analyses,
and loss to follow-up, a sample size of 89 per group would achieve 80%
power to detect a mean of paired differences of a 0.2 percentage point
change in FFM with an estimated standard deviation of differences of
0.5 at a 0.05 significance level.

Ethical approval
This study was approved by the Tufts University Health Sciences
Institutional Review Board and Sierra Leone Ethics and Scientific
Review Committee. Written informed consent was obtained from
caregivers of all participants.

Deuterium dilution method
The deuterium dilution (DD) technique was used to assess body
composition. This technique is based on a 2-component model of
body composition (14) and has been used previously to assess body
composition in children with MAM (15). Participants ingest an oral
dose of deuterium oxide (D2O); urine is subsequently collected at least
4 h postdose to allow sufficient time for the isotope to reach isotopic
equilibrium. For this study, recruited participants were asked to return
to the clinic the day after they were enrolled in the main study to ensure
there was sufficient time to complete the DD protocol. Participants were
again asked to return to the clinic for a follow-up body composition
analysis on the day after receiving their fourth week of treatment. This
4-wk time period was chosen so that all enrolled children would have
the same exposure to the intervention, as children who graduated
from the MAM treatment program would not continue to receive the
treatment food (those who graduated at 2 wk would receive 1 more
food ration, which would bring them to a total of 4 wk on the study
food).

Diluted D2O was prepared using a 1:10 dilution of a 99% D2O
(Sigma Aldrich) with locally purchased bottled water. Each dilution
was ∼1000 mL and was made of ∼905 g of bottled drinking water
and 90 g of D2O. As samples containing deuterium are susceptible to
contamination, which can result in over- or underestimation of body
composition values, the first 2 wk of the study were considered a pilot
test of the DD technique under the field conditions in Pujehun. In
addition, samples of the dose, water, and urine for 16 study participants
from 7 sites were sent for laboratory analysis, and plausibility of the
findings was confirmed.

At baseline, participants were given a dose of diluted D2O at 1 g/kg
body weight. At end time (4 wk), the dose was doubled to 1) minimize
natural variation in isotope enrichment in the postdose urine sample
and 2) offset the effect of residual deuterium from the first dose on
the deuterium enrichment at the 4-wk assessment. The doses were
given orally using locally purchased syringes, and participants were
not required to fast at any time before dose administration. Spills
were recovered with preweighed cotton balls. Losses were estimated
from the difference in weights of the cotton balls before and after
collecting the spill. When spills could not be successfully collected, this
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was noted in the participant’s record. Other events that required noting
on the day of D2O dosing were vomiting, diarrhea, and any other
occurrence that the study personnel thought might affect the outcome
of the study.

After D2O administration was complete, participants were not
allowed to take any food or drink for 2 h, after which they were
allowed to eat and drink water and breastmilk under the observation
of study personnel. Although free intake of water was permitted,
the amount of breastmilk taken was estimated by weighing children
before and after breastfeeding. Body water calculated from the DD
method was adjusted for water coming from breastmilk consumed
during the 4-h protocol, assuming breastmilk has a water content of
87%. Metabolic water generated from nonaqueous food consumption
during the 4-h period was considered negligible and was not
adjusted.

Urine samples were collected before dosing with D2O and after
a minimum of 4 h following D2O administration (16), allowing
the isotope to reach isotopic equilibrium. Urine was collected using
PDC Healthcare–Assure Urine Collectors urine bags (ThermoFisher
Scientific). Aliquots of ∼1.5 mL of baseline and postdose urine samples
were transferred to airtight cryovials from the urine collection bags and
then placed in cryoboxes; this was done at a urine collection station.
The cryoboxes were stored and transported in an ice box to the study
office for storage in a freezer at –20◦C for at ∼4 wk, after which
they were transferred to the University of Makeni Infectious Disease
Research Laboratory, which was 8 h away, and kept in a –20◦C freezer
until shipment to the USDA/Agricultural Research Service Children’s
Nutrition Research Center at Baylor College of Medicine in Houston,
Texas, for isotope ratio analyses. Refrigeration and freezing are not
required but recommended for samples using the DD technique, due
to potential mold and bacteria growth, which would result in dilution
of the isotopes in the urine samples (17).

The deuterium content of urine samples, the diluted dose, and water
used to prepare it were analyzed in duplicate at the Baylor laboratory
using continuous-flow isotope ratio mass spectrometry using a method
described by Wong and Clarke (18). FFM in kilograms was calculated
from total body water (TBW) measured using the DD method after
correcting for isotope sequestration in nonaqueous tissues (19) and
using age- and sex-specific appropriate hydration factors (proportion
of water in FFM, H) (20): FFM = TBW/H. FM in kilograms was
then calculated as the difference between body weight (W) and FFM:
FM = W – FFM. The best-fit equations to calculate the hydration factors
based on age (mo) were as follows:

Girls : H =
(

− 0.0003 × Age3 + 0.027 × Age2 − 0.704

× Age + 84.064
)/

100. (1)

Boys : H =
(

− 0.001 × Age3 + 0.037 × Age2 − 0.710

× Age + 83.764
)/

100. (2)

The hydration factors might not be most appropriate for the
malnourished children. However, they were applied uniformly to the
malnourished children receiving the 4 SNFs. Therefore, the hydration
factors should not affect the comparison of the effects of the 4 SNFs on
changes in body composition and recovery.

Statistical analysis
Outcomes of interest included changes in FFM, FM, FFM % (FFM/body
weight × 100), and FFM index (FFM/height2) after 4 wk of treatment.
Demographic and anthropometric data were collected by the Four
Foods MAM Treatment Study; variables used for this analysis included
weight in kilograms, MUAC, WHZ, age at enrollment, sex, a wealth
scale (13), whether the child started the MAM treatment program from
SAM treatment, and whether the child recovered from MAM within
12 wk. Unphysiologic TBW values due to errors in dose weight and
dose spillage (>10%) were excluded from the data set.

Participants’ baseline characteristics, pooled and by study arms,
were tabulated. Overall descriptive statistics for baseline, 4 wk,

and changes in anthropometry and body composition variables over
4 wk were calculated, and paired t tests were used to determine
significant differences between baseline and 4-wk values. Changes in
anthropometry and body composition over the 4 wk of treatment were
compared among the 4 study arms by outcome (recovered, developed
SAM, or failed) and sustained recovery outcomes (MUAC ≥12.5 cm
at 4 wk after program exit or relapsed to MUAC <12.5 cm) using
ANOVA. To compare among study arms, linear regression models (Wald
test) were also used to control for baseline characteristics and potential
confounders. Initially, mixed models were used to adjust for clustering
at the PHU levels, but due to the negligible intraclass correlation effect,
the results essentially mirrored that of the linear regression, and thus
the simpler linear models were reported. Models were evaluated for
goodness of fit, collinearity, and influential outliers. Data management
and analysis were conducted using Excel 2017 (Microsoft) and Stata 15
(StataCorp).

Results

A total of 578 children were recruited. Of these, 515 (89.1%)
children completed the baseline deuterium dilution procedure,
and 406 (70.2%) completed the 4-wk follow-up procedure
(Figure 1). Reasons for not completing the 4-wk measure
included loss to follow-up (38), progression to SAM (50),
unsuccessful or missing samples or other data collection
issues (17), and death (4). An additional 94 participants were
removed from the analysis data set due to unphysiologic
TBW values stemming from methodologic issues, including
errors in dose weight and dose spillage. A total of 312
participants were included in the final analysis, as per their
originally assigned groups. The participants who were dropped
differed from the analyzed participants by sex, baseline MUAC,
and whether they started from SAM treatment (Supplemental
Table 1).

Table 1 shows baseline descriptive statistics of the analyzed
sample. Because of the nature of recruitment for this study
(from 2 of 7 PHUs per arm), the 4 study arms were
not necessarily expected to have comparable characteristics;
however, we found that they were similar with the exception
of wealth quintile distribution. As such, this variable was
controlled for in the adjusted models. Rates of recovery and
4-wk sustained recovery were similar among the study arms. At
baseline, participants weighed an average of 6.53 kg, of which
5.24 kg was FFM (80.1%) and 1.29 kg was FM (Table 2). Over
4 wk of treatment for MAM, participants gained an average of
0.45 kg, of which 0.37 kg was FFM (∼82%) and 0.07 kg was
FM; that is, a slightly higher proportion of FFM was gained
compared with starting body composition, but on average, the
change in FFM % (0.26 percentage points) from baseline to
4 wk was not significant (P = 0.589).

There were no statistically detectable differences in anthro-
pometry or body composition changes among the 4 study arms
after 4 wk of treatment (Table 3). These findings were consistent
in the regression models (Figure 2), which were adjusted for age,
sex, and wealth quintile. Trends in changes to anthropometry
and body composition were fairly similar among the groups,
with the exception of the proportions of FFM to FM, which
appeared to vary among the groups: on average, children in
SC + A gained the most FM and thus lost the most FFM %,
while children in RUSF gained the least FM and thus had the
highest increase in FFM % over the study, but these variations
were not statistically different.

Changes in body composition varied by study outcome
(Figure 3); in particular, FM was lost on average only among
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FIGURE 1 Flow diagram of participants through the study. CSB+, corn-soy blend plus; CSWB, corn-soy-whey blend; RUSF, ready-to-use
supplementary food; SAM, severe acute malnutrition; SC+, super cereal plus; TBW, total body water.

children who deteriorated to SAM. Children who recovered
from MAM (as defined by achieving MUAC ≥12.5 cm within
12 wk) showed some differences in anthropometry and body
composition at baseline compared with children who did not

recover; they were slightly heavier and had higher MUAC,
higher FM, and lower FFM % (Table 4). After 4 wk of
treatment, children who recovered had larger gains in FFM,
FFM index, weight, WHZ, and MUAC (the averages of the latter

TABLE 1 Baseline characteristics and recovery outcomes of children included in analysis, overall and by study arm1

Characteristic Total CSB+ w/oil SC + A CSWB w/oil RUSF

N 312 84 94 68 66
Age, mo 12.2 ± 7.18 12.0 ± 6.64 12.7 ± 7.80 12.5 ± 7.20 11.5 ± 6.97
Females 173 (55) 49 (58) 55 (59) 35 (51) 34 (52)
Previous SAM 78 (25) 23 (28) 23 (24) 15 (22) 17 (26)
HAZ –2.72 ± 1.15 –2.73 ± 1.13 –2.73 ± 1.04 –2.84 ± 1.26 –2.58 ± 1.19
WHZ –1.70 ± 0.74 –1.63 ± 0.69 –1.76 ± 0.74 –1.85 ± 0.76 –1.57 ± 0.75
Wealth quintile2

Lowest 69 (22) 22 (26) 11 (12) 17 (25) 19 (29)
Low 52 (17) 9 (11) 13 (14) 9 (13) 21 (32)
Middle 62 (20) 16 (19) 23 (25) 10 (15) 13 (20)
High 71 (23) 20 (24) 21 (23) 18 (26) 12 (18)
Highest 56 (18) 17 (20) 24 (26) 14 (21) 1 (2)

Recovered within 12 weeks 229 (73) 61 (73) 70 (74) 51 (75) 47 (71)
Sustained recovery for 1 mo3 169 (77) 46 (78) 55 (81) 37 (79) 31 (69)

1Values are presented as mean ± SD or number (%). CSB+, corn-soy blend plus; CSWB, corn-soy-whey blend; HAZ, height-for-age z score; RUSF, ready-to-use supplementary
food; SAM, severe acute malnutrition; SC + A, super cereal plus with amylase; WHZ, weight-for-height z score.
2Significantly different among groups (P < 0.001, χ2 test); CSB+ w/oil (P = 0.001), SC + A (P < 0.001), and CSWB w/oil (P = 0.001) significantly different from RUSF (between
group χ2 test).
3Ten recovered children missing follow-up data: n = 59 (CSB+ w/oil), n = 68 (SC + A), n = 47 (CSWB), and n = 45 (RUSF).
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TABLE 2 Anthropometry and body composition over 4 wk of treatment for MAM in analyzed
participants (n = 312)1

Characteristic Baseline 4 wk Change P value2

Weight, kg 6.53 ± 0.96 6.98 ± 1.01 0.45 ± 0.39 <0.001
WHZ3 –1.70 ± 0.74 –1.41 ± 0.82 0.30 ± 0.61 <0.001
MUAC, cm2 12.0 ± 0.27 12.2 ± 0.44 0.32 ± 0.46 <0.001
Total body water, kg 4.16 ± 0.71 4.44 ± 0.74 0.29 ± 0.45 <0.001
FFM, kg 5.24 ± 0.95 5.61 ± 0.98 0.37 ± 0.57 <0.001
FM, kg 1.29 ± 0.48 1.37 ± 0.49 0.07 ± 0.60 0.037
FFM % 80.1 ± 7.0 80.3 ± 6.8 0.26 ± 8.4 0.589
FFM index3 11.6 ± 1.2 12.0 ± 1.1 0.49 ± 1.3 <0.001

1Values are presented as mean ± SD. FFM, fat-free mass; FM, fat mass; MAM, moderate acute malnutrition; MUAC, midupper arm
circumference; WHZ, weight-for-height z score.
2Paired t tests used to compare baseline compared with 4-wk measure.
3At 4 wk, n = 225, WHZ; n = 218, MUAC; n = 205, FFM index.

two did not change at all in the nonrecovered children). There
was a similar pattern for FM gain, but it was not significant.
Children who recovered and sustained that recovery (defined
as maintaining MUAC ≥12.5 cm 4 wk from program exit)
had gained more weight, WHZ, and MUAC than children who
relapsed, but in this exploratory analysis (i.e., not statistically
powered a priori), there were no detectable differences in body
composition indicators.

Discussion

We examined the changes to anthropometry and body com-
position over 4 wk among children being treated for MAM
with 1 of 4 SNFs. Our results showed that FFM comprised
the majority of weight gained, and differences in changes to
anthropometry and body composition across the study arms
were not found to be statistically different. FFM gain in children

who recovered was greater than in children who did not recover,
and although children who recovered gained FM, children who
did not recover did not gain FM, on average.

Our overall body composition results are fairly consistent
with previous studies. A study in Burkina Faso evaluated
body composition changes using the DD method among 6- to
23-mo-old children with MAM treated for 12 wk with several
variants of LNSs or FBFs with different protein sources (21).
Their results showed an average baseline body composition of
83.5% FFM, similar to that of our participants (80.1%). At the
end of their 12-wk intervention, children had gained an average
of 0.90 kg, of which 93.5% was FFM, a higher proportion of
FFM compared with the children in our study (82%). A study
in Mali also looked at body composition changes among 6- to
35-mo-old children after 12 wk of treatment for MAM with
1 of 4 different SNFs using the DD technique (22). At baseline,
children’s body composition was 71.4% FFM on average (about
10 percentage points lower than in the Burkina Faso study

TABLE 3 Baseline values and changes in anthropometry and body composition after 4 wk of
treatment for MAM in analyzed participants, by study arm (n = 312)1

Characteristic CSB+ w/oil SC + A CSWB w/oil RUSF P value2

N 84 94 68 66
Baseline

Weight, kg 6.55 ± 1.09 6.57 ± 0.98 6.52 ± 0.78 6.47 ± 0.95 0.915
WHZ –1.63 ± 0.69 –1.76 ± 0.74 –1.85 ± 0.76 –1.57 ± 0.75 0.105
MUAC, cm 12.0 ± 0.27 12.0 ± 0.26 11.9 ± 0.27 11.9 ± 0.28 0.264
Total body water, kg 4.15 ± 0.64 4.19 ± 0.81 4.16 ± 0.65 4.11 ± 0.72 0.914
FFM, kg 5.23 ± 0.86 5.29 ± 1.07 5.25 ± 0.87 5.18 ± 0.96 0.901
FM, kg 1.33 ± 0.52 1.28 ± 0.49 1.27 ± 0.49 1.29 ± 0.43 0.871
FFM % 80.0 ± 6.39 80.2 ± 7.48 80.4 ± 7.57 79.8 ± 6.71 0.968
FFM index 11.6 ± 1.18 11.6 ± 1.20 11.6 ± 1.16 11.7 ± 1.04 0.968

Change after 4 wk3

Weight, kg 0.43 ± 0.39 0.48 ± 0.41 0.44 ± 0.38 0.41 ± 0.38 0.696
WHZ 0.24 ± 0.57 0.35 ± 0.57 0.42 ± 0.65 0.16 ± 0.64 0.154
MUAC, cm 0.29 ± 0.49 0.32 ± 0.41 0.37 ± 0.49 0.30 ± 0.48 0.827
Total body water, kg 0.29 ± 0.43 0.26 ± 0.51 0.28 ± 0.45 0.33 ± 0.39 0.791
FFM, kg 0.38 ± 0.54 0.33 ± 0.64 0.37 ± 0.57 0.42 ± 0.49 0.807
FM, kg 0.05 ± 0.59 0.15 ± 0.66 0.07 ± 0.63 –0.01 ± 0.49 0.415
FFM % 0.34 ± 8.14 –0.65 ± 9.03 0.28 ± 8.81 1.46 ± 7.54 0.492
FFM index 0.57 ± 1.21 0.43 ± 1.49 0.42 ± 1.19 0.54 ± 1.18 0.899

1Values are presented as mean ± SD unless otherwise indicated. CSB+, corn-soy blend plus; CSWB, corn-soy-whey blend; FFM,
fat-free mass; FM, fat mass; MAM, moderate acute malnutrition; MUAC, midupper arm circumference; RUSF, ready-to-use
supplementary food; SC + A, super cereal plus amylase; WHZ, weight-for-height z score.
2ANOVA tests used to determine differences among the 4 study arms.
3Four-week n = 225, WHZ; n = 218, MUAC; n = 205, FFM index.
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FIGURE 2 Comparison of adjusted mean changes to body compo-
sition and anthropometric indicators in children after 4 wk of treatment
for MAM among 4 study arms. Error bars represent 95% confidence
intervals. No significant differences by indicator among study arms
based on linear regression models adjusted for baseline measure,
age, sex and wealth quintile. n = 218, MUAC; n = 225, WHZ; n = 312,
weight; n = 311, FFM; n = 311, FM; n = 205, FFM index. CSB+,
corn-soy blend plus; CSWB, corn-soy-whey blend; FFM, fat-free mass;
FM, fat mass; MAM, moderate acute malnutrition; MUAC, midupper
arm circumference; RUSF, ready-to-use supplementary food; SC + A,
super cereal plus amylase; WHZ, weight-for-height z score.

and our study), and during the intervention, children gained
1.02 kg, 67.6% of which was FFM, a lower proportion of
FFM compared with children in our study and in the Burkina
Faso study, although the overall change in FFM % was not
significant from baseline to endline, similar to our findings.
The Mali study also found that recovered children gained more
FFM and FM than nonrecovered children, with significantly
higher gains in FM%; although a similar pattern was seen in
our data for FFM, the differences in FM were not significant
(perhaps due to sample size or to the duration between body
composition measurement, discussed below). Body composition
reference data in well-nourished children show a range of
about 32–25% FM from 6 to 24 mo of age, with FM% being
slightly higher in girls and declining with age (20). The growth
rate for 12- to 18-mo-old girls is 8.1 g/d, of which about
17% is FM and 83% is FFM, a slightly lower proportion
of FM than in their existing body composition. Overall,
our results are consistent with others in showing a higher
proportion of FFM gain compared with FM during treatment
for MAM, and the proportion of FM found in children in

FIGURE 3 Mean changes in anthropometric and body composition
measures in children after 4 wk of treatment for MAM, by study
outcome. Error bars represent 95% confidence intervals. Recovered
defined as achieving a MUAC ≥12.5 cm (n = 149); developed SAM
defined as deteriorating to SAM (n = 26); failed defined as receiving
up to 7 rations but remaining MAM (n = 35). Other outcomes not
included: lost to follow-up (n = 7) and died (n = 1). FFM, fat-free mass;
FM, fat mass; MAM, moderate acute malnutrition; MUAC, midupper
arm circumference; SAM, severe acute malnutrition; WHZ, weight-
for-height z score.

our study after 4 wk of treatment appears to be slightly
less than that of well-nourished populations (20). Newer data
that allow standardization of body composition to compare
values to reference populations could be useful in future studies
(23).

Whereas our study found no differences in anthropometry or
body composition changes among the SNFs, both the Burkina
Faso (21) and Mali (22) studies did. In Burkina Faso, the
children treated with LNS products had significantly larger
gains in FFM index, WHZ, and MUAC and a higher recovery
rate compared with the children receiving CSB products, and
in Mali, the RUSF group gained more FM than children
in the Misola (a locally prepared cereal–legume blend with
no dairy ingredients) group. The lack of differences among
the SNFs in our study could reflect that there is truly no
difference in the effects of these particular SNFs on body
composition in the context studied or that detectable differences
emerge after 4 wk. However, this could also be a type I
error due to lower statistical power from a smaller sample
size and higher variance than anticipated, or perhaps due
to the more nutritionally similar formulations of the SNFs
in our study or underlying differences in the populations
studied.

One finding of particular interest was that while children
who did not recover gained weight during treatment for MAM,
on average that weight was almost entirely FFM with little to
no FM gained. This finding is at odds with concerns that excess
gain in FM is associated with chronic disease risk later in life
(7, 8) and even short-term language and motor development
(24). Because wasting is associated with decreased FM and may
be related to the increased mortality seen with this condition,
it would be important that treatment for MAM restore FM
(25). A recent review of body composition in children after
treatment for wasting indicates that fat mass appears to recover
more quickly in the short term, whereas FFM levels may take
longer to recover, if ever (26). In either case, whether and
to what extent fat mass gain is important to recovery from
MAM should be considered in regards to the concern that
supplementary foods lead to excess fat gain and the relation
to chronic disease risk later in life (12). This FM trend also
raises further questions: Why are some children gaining FFM
but not FM? How does this affect their recovery from MAM?
Could this help identify children at risk of not recovering or
relapsing earlier in the MAM treatment process? However,
it is important to note that although we saw these trends
in the overall group statistics, at an individual level, it was
highly variable, with both recovered and nonrecovered children
gaining and losing FM and FFM in different amounts and
proportions. This could have been a result of the imprecision
of the DD method, but it might also be useful to investigate,
as mentioned above, what is happening on an individual level
when a child is not gaining FM (e.g., if the child has an
infection).

We would like to address several limitations to this
study. One stems from the lower sample size and higher
variance of body composition measures than expected, which
decreased statistical power. The high variability/spread of body
composition measures persisted even after removing values with
known methodologic errors, influential outliers, or extreme
biological implausibility. Although we do not currently have
reason to suspect systematic bias in the measurements (and
thus overall conclusions from the data), they may have been
imprecise on an individual level. We attribute this issue mainly
to methodologic issues of the DD method in the field. To address
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TABLE 4 Anthropometry and body composition of children at baseline and changes after 4 wk of
treatment for MAM, by whether they recovered or did not recover (n = 312), and among recovered
children, whether they sustained that recovery for 1 mo after program exit or relapsed to MAM
(n = 219)1

Recovered Sustained recovery2

Characteristic Yes No Yes No

N 229 83 169 50
Baseline

Weight, kg 6.62 ± 0.99 6.31 ± 0.853 6.69 ± 1.07 6.37 ± 0.573

WHZ –1.67 ± 0.73 –1.80 ± 0.76 –1.72 ± 0.74 –1.51 ± 0.684

MUAC, cm 12.0 ± 0.26 11.9 ± 0.253 12.0 ± 0.27 12.1 ± 0.22
Total body water, kg 4.17 ± 0.71 4.10 ± 0.72 4.24 ± 0.74 3.93 ± 0.483

FFM, kg 5.27 ± 0.95 5.17 ± 0.96 5.36 ± 0.99 4.94 ± 0.633

FM, kg 1.35 ± 0.47 1.14 ± 0.483 1.33 ± 0.49 1.43 ± 0.44
FFM % 79.5 ± 6.65 81.7 ± 7.813 80.1 ± 6.61 77.5 ± 6.723

FFM index 11.6 ± 1.09 11.7 ± 1.29 11.6 ± 1.11 11.5 ± 1.07
Change after 4 wk5

Weight, kg 0.53 ± 0.38 0.22 ± 0.333 0.57 ± 0.41 0.38 ± 0.213

WHZ 0.44 ± 0.58 –0.00 ± 0.543 0.49 ± 0.61 0.28 ± 0.444

MUAC, cm 0.45 ± 0.45 0.02 ± 0.323 0.52 ± 0.48 0.25 ± 0.293

Total body water, kg 0.33 ± 0.45 0.18 ± 0.423 0.34 ± 0.46 0.31 ± 0.45
FFM, kg 0.43 ± 0.57 0.24 ± 0.533 0.44 ± 0.58 0.41 ± 0.57
FM, kg 0.10 ± 0.62 –0.02 ± 0.54 0.13 ± 0.64 –0.03 ± 0.55
FFM % –0.02 ± 8.49 1.02 ± 8.31 –0.34 ± 8.58 1.65 ± 8.48
FFM index 0.60 ± 1.31 0.26 ± 1.213 0.57 ± 1.29 0.67 ± 1.44

1Values are presented as mean ± SD unless otherwise indicated. Paired t tests were used to determine differences between
groups. CSB+, corn-soy blend plus; CSWB, corn-soy-whey blend; FFM, fat-free mass; FM, fat mass; MAM, moderate acute
malnutrition; MUAC, midupper arm circumference; RUSF, ready-to-use supplementary food; SC + A, super cereal plus amylase;
WHZ, weight-for-height z score.
2Defined as recovered children having a MUAC ≥12.5 cm 4 wk after program exit. Ten children were missing follow-up data.
3Significantly different, P < 0.05.
4Trend, P < 0.10.
5Four-week n = 225, WHZ; n = 218, MUAC; n = 205, FFM index.

these concerns, future studies evaluating body composition
in children with MAM could consider sweetening the D2O
solution. However, the issue of imprecision may well be a
limitation to the validity of DD in a field setting, which
might be overcome only by newer emerging technologies
to measure body composition [e.g., portable bioelectrical
impedance instruments (27)]. Another limitation was missing
length/height measurements at the 4-wk point, which limited
our ability to calculate FFM index to make more standardized
comparisons across different heights. Finally, a limitation for
comparing our findings to other studies is the length of
treatment before body composition follow-up measurements.
The 4-wk time point was chosen for our study because children
would graduate out of the program after achieving a MUAC
of 12.5 cm, and we wanted to ensure children in the study had
an equal treatment exposure period. However, our results show
that even after only 4 wk of treatment, children who recovered
during treatment were already showing differential changes
in body composition at 4 wk, consistent with the changes at
12 wk found in previous studies. These changes also appeared
to follow a similar pattern among children who recovered
but relapsed and those who sustained their recovery. Given
the potential differences we are seeing in body composition
at baseline and within the first 4 wk of treatment among
children with different outcomes, perhaps body composition
could be a useful tool to predict how children with MAM
will respond to treatment in terms of both recovery and
relapse. Predicting relapse would be especially important for
identifying children who might need different interventions to

achieve sustainable recovery and also for determining program
cost-effectiveness when children have to keep being treated
repeatedly.

The results of this study contribute to the evidence around
body composition changes in young children during treatment
for MAM. Although previous studies have found different SNFs
to have some differential effects on body composition, our
data showed none within the first 4 wk of treatment and little
difference in terms of recovery outcomes. Our findings confirm
that body composition indicators are not entirely consistent
with anthropometric indicators, and further research is needed
to understand the extent and relevance of these differences.
This is the first study looking at body composition and relapse
after treatment for MAM, and although we found potential
differences, this needs to be explored further. Questions remain
about why some children are gaining different proportions of
FM and FFM, whether this is related to recovery and relapse,
and whether these children could be targeted in some way
to improve their nutritional status beyond current treatment
protocols. What is more, it is imperative to determine the
qualities of healthy, sustainable recovery, as well as identify
and use indicators that accurately assess this (or perhaps,
more accurately, predict treatment outcomes). Every child
who relapses posttreatment represents a partial programming
failure; repeat treatments carry large human and budgetary
implications. Aside from the type of SNF used for MAM
treatment, environmental or other factors that prevent children
from recovering (as well as contribute to malnutrition in
the first place) will need to be addressed simultaneously.

Body Composition Changes in Children Treated for MAM 2049



Further research is needed on all these fronts to ensure that
programming aimed at treating MAM and sustaining recovery
is as cost-effective as possible.

Acknowledgments

We thank the members of the field data collection team in Sierra
Leone (Veronica Kamara, Justice Kailie, and Manusu Jimmy),
as well as the staff of Project Peanut Butter, Caritas Bo, and the
University of Makeni Infectious Disease Research Laboratory.
We also thank Alexandria Schmall for her help in preparing the
manuscript for submission.

The authors’ contributions were as follows—IP and AS:
conducted the study and collected, entered, and cleaned
the data; WWW: conducted analysis of urine samples and
calculated body composition values; SG: led the field research
for the overarching study; DJS: analyzed the data and prepared
the manuscript; SG, BL, YS, and KHKC: were involved in data
analysis and interpretation; IHR, BLR, and PW: designed the
research, provided oversight for the study, and had primary
responsibility for final content; and all authors: have read and
approved the final manuscript.

References
1. Friis H, Michaelsen KF, Wells JC. Choice of design and outcomes in

trials among children with moderate acute malnutrition. Food Nutr Bull
2015;36:S35–40.

2. Green LE, Cliffer IR, Suri DJ, Caiafa KR, Rogers BL, Webb PJR.
Advancing nutrition in the international food assistance agenda:
progress and future directions identified at the 2018 Food Assistance
for Nutrition Evidence Summit. Food Nutr Bull 2020;41:8–17.

3. Owino VO, Murphy-Alford AJ, Kerac M, Bahwere P, Friis H,
Berkley JA, Jackson AA. Measuring growth and medium- and
longer-term outcomes in malnourished children. Matern Child Nutr
2019;15:e12790.

4. Suri DJ, Rosenberg IH. Beyond z-scores: measures to advance
prevention and treatment outcomes in child malnutrition
[Internet]. 2018 [cited 2020 Aug 14]. Available from: https:
//foodaidquality.org/beyond-z-scores-measures-advance-preventi
on-and-treatment-outcomes-child-malnutrition-summary

5. Kraemer K. Nutrition ARISE—new frontiers for public health nutrition.
Sight Life 2018;32:10–3.

6. Radhakrishna KV, Kulkarni B, Balakrishna N, Rajkumar H, Omkar
C, Shatrugna V. Composition of weight gain during nutrition
rehabilitation of severely under nourished children in a hospital based
study from India. Asia Pac J Clin Nutr 2010;19:8–13.

7. Kristjansson E, Francis DK, Liberato S, Benkhalti Jandu M, Welch
V, Batal M, Greenhalgh T, Rader T, Noonan E, Shea B, et al. Food
supplementation for improving the physical and psychosocial health of
socio-economically disadvantaged children aged three months to five
years. Cochrane Database Syst Rev 2015;3:CD009924.

8. Wells JCK. Using body composition assessment to evaluate the double
burden of malnutrition. Ann Nutr Metab 2019;75:103–8.

9. Wells JCK. Toward body composition reference data for infants,
children, and adolescents. Adv Nutr 2014;5:320S–9S.

10. World Health Organization (WHO). Supplementary foods for the
management of moderate acute malnutrition in children aged 6–59
months [Internet]. e-Library of Evidence for Nutrition Actions (eLENA)
[cited 2019 Sep 16]. Available from: https://www.who.int/elena/titles/f
ood_children_mam/en/

11. Bhutta Z, Yackobovitch-Gavan M. Malnutrition and catch-up growth
during childhood and puberty. Food Nutr Bull 2015;36:120–7.

12. World Health Organization (WHO). Assessing and managing children
at primary health-care facilities to prevent overweight and obesity in
the context of the double burden of malnutrition [Internet]. 2017 [cited
2020 Aug 14]. Available from: https://apps.who.int/nutrition/publicati
ons/guidelines/children-primaryhealthcare-obesity-dbm/en/index.html

13. Griswold SP, Langlois BK, Shen Y, Cliffer IR, Suri DJ, Chui K,
Rosenberg IH, Koroma AS, Wegner D, Hassan A, et al. Cost-
effectiveness of four supplementary foods for treating moderate acute
malnutrition: results from a cluster-randomized intervention trial in
Sierra Leone. Am J Clin Nutr In press.

14. Shepherd JA, Heymsfield SB, Norris SA, Redman LM, Ward LC, Slater
C. Measuring body composition in low-resource settings across the life
course. Obesity 2016;24:985–8.

15. Fabiansen C, Yaméogo CW, Devi S, Friis H, Kurpad A, Wells
JC. Deuterium dilution technique for body composition assessment:
resolving methodological issues in children with moderate acute
malnutrition. Isot Environ Health Stud 2017;53:344–55.

16. Schoeller DA, van Santen E, Peterson DW, Dietz W, Jaspan J, Klein PD.
Total body water measurement in humans with 18O and 2H labeled
water. Am J Clin Nutr 1980;33:2686–93.

17. International Atomic Energy Agency. Introduction to body composition
assessment using the deuterium dilution technique with analysis of urine
samples by isotope ratio mass spectrometry. Human Health Series No.
13. Vienna: IAEA; 2011.

18. Wong WW, Clarke LL. A hydrogen gas-water equilibration method
produces accurate and precise stable hydrogen isotope ratio
measurements in nutrition studies. J Nutr 2012;142:2057–62.

19. Schoeller DA. Measurement of energy expenditure in free-living humans
by using doubly labeled water. J Nutr 1988;118:1278–89.

20. Butte NF, Hopkinson JM, Wong WW, Smith EO, Ellis KJ. Body
composition during the first 2 years of life: an updated reference. Pediatr
Res 2000;47:578–85.

21. Fabiansen C, Yaméogo CW, Iuel-Brockdorf A-S, Cichon B, Rytter MJH,
Kurpad A, Wells JC, Ritz C, Ashorn P, Filteau S, et al. Effectiveness of
food supplements in increasing fat-free tissue accretion in children with
moderate acute malnutrition: a randomised 2 × 2 × 3 factorial trial in
Burkina Faso. PLoS Med 2017;14:e1002387.

22. McDonald CM, Ackatia-Armah RS, Doumbia S, Kupka R, Duggan
CP, Brown KH. Percent fat mass increases with recovery, but
does not vary according to dietary therapy in young Malian
children treated for moderate acute malnutrition. J Nutr 2019;149:
1089–96.

23. Wells JCK, Davies PSW, Fewtrell MS, Cole TJ. Body composition
reference charts for UK infants and children aged 6 weeks to 5 years
based on measurement of total body water by isotope dilution. Eur J
Clin Nutr 2020;74:141–8.

24. Olsen MF, Iuel-Brockdorff A, Yaméogo CW, Cichon B, Fabiansen
C, Filteau S, Phelan K, Ouédraogo A, Wells JC, Briend A, et al.
Early development in children with moderate acute malnutrition: a
cross-sectional study in Burkina Faso. Matern Child Nutr 2020;16:
e12928.

25. Briend A, Khara T, Dolan C. Wasting and stunting—similarities and
differences: policy and programmatic implications. Food Nutr Bull
2015;36:S15–23.

26. Wells JCK. Body composition of children with moderate and severe
undernutrition and after treatment: a narrative review. BMC Med
2019;17:215.

27. Wells JCK, Williams JE, Quek RY, Fewtrell MS. Bio-electrical
impedance vector analysis: testing Piccoli’s model against objective
body composition data in children and adolescents. Eur J Clin Nutr
2019;73:887–95.

2050 Suri et al.

https://foodaidquality.org/beyond-z-scores-measures-advance-prevention-and-treatment-outcomes-child-malnutrition-summary
https://www.who.int/elena/titles/food_children_mam/en/
https://apps.who.int/nutrition/publications/guidelines/children-primaryhealthcare-obesity-dbm/en/index.html

