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Introduction: Childhood undernutrition is associated with increased morbidity,
mortality and a high socio-economic burden.

Methods: Supporting Pediatric GRowth and Health OUTcomes (SPROUT)
is a randomized, controlled trial evaluating the effects of an oral nutritional
supplement (ONS) with dietary counseling (DC; n = 164) compared to a DC-only
group who continued consuming their habitual milk (n =166; NCT05239208).
Children aged 24-60 months who were at risk or with undernutrition, as defined
by weight-for-age [WAZ] < -1 and height-for-age [HAZ] <—1 according to the
WHO Growth Standards, and who also met the criterion of weight-for-height
[WHZ] <0, were enrolled in Vietnam.

Results: ONS+DC had a larger WAZ increase at day 120 (primary endpoint)
vs. DC (least squares mean, LSM (SE): 0.30 (0.02) vs. 0.13 (0.02); p<0.001), and
larger improvements in all weight, BMI and weight-for-height indices at day 30
and 120 (all p < 0.01). Height gain was larger in ONS + DC in all indices, including
height-for-age difference [HAD; cm: 0.56 (0.07) vs. 0.10 (0.07); p <0.001], at day
120. ONS +DC had larger arm muscle but not arm fat indices, higher parent-
rated appetite, physical activity and energy levels, longer night sleep, fewer and
shorter awakenings, and better sleep quality than DC.

Conclusion: Adding ONS to DC, compared to DC-alone, improves growth in
weight and height, linear catch-up growth, and health outcomes in children
with or at risk of undernutrition.
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1 Introduction

Childhood undernutrition which includes stunting, wasting,
underweight, and micronutrient deficiency or insufficiency is an
important public health concern (1). Globally, 149.2 million children
under 5years were stunted, 45.4 million wasted, and 13.6 million severely
wasted in 2020 (2). Growth is the primary outcome measure of nutritional
status in children (3), and the World Health Organization (WHO) defines
stunting as a length- or height-for-age z-score (HAZ) more than two
standard deviations (SD) below the WHO Growth Standards median, and
wasting as a weight-for-length or weight-for-height z-score (WHZ) more
than two SD below the WHO Growth Standards median (4). The highest
prevalence of stunting (53%) and wasting (70%) was reported in Asia in
2020 (2). In Vietnam, wasting prevalence has improved from a peak of
11.3% in 2004 to 5.2% in 2019 in children under 5years. Stunting
prevalence has also improved from 43.2% in 2000 but still stands at 19.6%
in 2020 (2). Several factors have been found to contribute to childhood
undernutrition in Vietnam such as inadequate breastfeeding and poor
complementary feeding (5), food insecurity, and poor dietary diversity (6).

Childhood undernutrition is associated with extensive health and
socioeconomic burdens, including increased morbidity and mortality (1,
7). The short-term effects include growth impairment and recurrent
illness (particularly gastrointestinal and respiratory infections) (1, 8).
Long-term effects are far-reaching such as impaired cognitive,
psychological, and behavioral development (1, 9); reduced academic
performance; shorter adult height (1, 10); and an increased risk for the
development of chronic non-communicable diseases (1). Various types
of nutritional interventions have been found to be effective in addressing
malnutrition in infants and children under 5years, including the
promotion of breastfeeding, provision of complementary foods with
education, and supplementary feeding (11, 12). Dietary counseling (DC)
is also an integral part of treating undernutrition; however, its effectiveness
when administered alone is uncertain (13, 14). Various factors, such as the
type of counseling administered, the motivation of the child or parents,
individual constraints like time or other stresses inside or outside of the
home, or availability of resources or healthy foods, influence the success
of DC (15, 16). Because of these limiting factors and the time taken to
implement DC advice, adding nutritional supplements alongside DC may
be helpful to address undernutrition in a timely manner.

The nutrient composition of nutritional supplements is also
important and should address both energy, growth and functional
nutrient needs of undernourished children to promote growth, immunity,
and development (17). Recommendations for energy and protein
requirements for catch-up growth are available from the WHO (18), and
recommended nutrient intakes of 30 essential nutrients for children with
moderate undernutrition have been proposed by Golden (17). There is
also evidence for the potential role of specific nutrients in influencing
growth outcomes, such as arginine, vitamin K2, and casein
phosphopeptides (CPP). Dietary intake of arginine is associated with
increased growth velocity in children (19). Vitamin K2, in the form of
menaquinone-7 (MK-7), was shown to be more effective than vitamin
K1 in catalyzing the carboxylation of osteocalcin (20). Carboxylated
osteocalcin in turn binds to calcium and transports it into the bone, thus
facilitating bone mineralization (21). CPPs can chelate key minerals
important for growth (e.g., calcium and zinc) and help maintain them in
a soluble state (22-24), thus enhancing their absorption in the body, as
demonstrated in several preclinical studies.

Polymeric oral nutrition supplements (ONS) that provide a complete
blend of macronutrients and micronutrients and have been found to
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be effective in promoting growth in children aged 9 months to 12years
with undernutrition (25). Providing a complete blend of nutrients is the
distinguishing feature of ONS, compared with micronutrient-only
supplements, or supplements with one predominant macronutrient type
(e.g., lipid-based nutrient supplements). Complete formulas can
be effective as poor growth in developing countries has been found to
be more common owing to multiple nutrient deficiencies than deficiencies
in single micro- or macronutrients (17, 26). In previous randomized
controlled trials (RCT) of ONS, improved weight gain has been
demonstrated as early as 10days (27), and consistently at day 30 (27-30).
In contrast, the results for height gain are less consistent. One reason may
be the inadequate duration of these trials. Among three 90-day RCTs,
height gain was larger in the ONS+DC group in only one trial (28) and
trended larger but was not significantly different from control in two other
RCTs (27, 29). Among longer study durations, a single-arm ONS study
found significant increases in height-for-age percentiles (HAP) from
24 weeks onwards (31). A 6-month RCT (32) and another single arm
study (33) both showed improved HAZ, compared to control and baseline
respectively, at 6-months.

Linear growth has been found to lag behind weight gain by
approximately 3 months in undernourished children (34). This was also
observed in a single-arm study of ONS, where weight-for-height
percentiles increased and plateaued at 4 weeks whereas height-for-age
percentiles (HAP) increased gradually, with a statistically significant
difference from baseline at 24 weeks (35). Therefore, a longer trial duration
of at least 120days may be better able to detect the effects of an
intervention on linear growth. Assessing linear growth in stunting is
important as evidence shows that children who recover to a normal height
status (HAZ >—1) at 5years have cognitive function levels similar to
children who were never stunted (36). Apart from weight and height
indices, body composition assessment was also recently highlighted in an
expert consensus paper on growth in infants and young children with
faltering growth. The panel described the importance of assessing changes
in length-for-age z-score as a simple approximate proxy of lean mass, and
also suggested the use of anthropometry-based prediction equations from
skinfold thickness measurements for body composition in children from
skinfold thickness measurements (37).

We report the findings of a RCT evaluating the efficacy of a new ONS
formula with arginine, vitamin K2 and CPP, in combination with DC,
compared with DC alone for 120days, in Vietnamese children aged
24-60months who were undernourished or at risk of undernutrition.
We hypothesize that supplementation with ONS supplying energy,
macro- and micronutrients with ingredients to support growth, alongside
DC, will improve key nutritional indicators of anthropometric growth
and nutrient intake, as well as other health outcomes in undernourished
children. These outcomes include arm-anthropometric indices of body
composition, functional handgrip strength, and parent-reported levels of
the childs physical activity, appetite, energy, sleep habits, and
attentional focusing.

2 Materials and methods
2.1 Trial design

Supporting Pediatric GRowth and Health OUTcomes (SPROUT)
is a community-based, randomized, open-label, parallel-group,
controlled clinical trial of children aged 24-60 months who were at
risk of or with undernutrition, involving 1 primary center and 7

frontiersin.org


https://doi.org/10.3389/fnut.2024.1341963
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Ow etal.

preschool satellite sites in Vietnam. Eligible participants were stratified
(by gender [male/female] and age [24 to <36months/ > 36 to
<60 months]) and randomized in a 1:1 ratio to the intervention group
(ONS+DC) or control group (DC only). The study duration was
240 days and participants were assessed at baseline, days 30, 120 and
240. Both groups received dietary counseling at the baseline visit, days
30 and 120 and the ONS +DC group additionally received 2 servings
of ONS daily for the study duration. This paper reports the study’s
primary endpoint of change in weight-for-age z-score (WAZ) from
baseline to day 120, and secondary outcomes of anthropometric
growth and dietary intake at day 30 and 120. Exploratory outcomes,
including bone mineralization and body composition that require a
minimum interval of 6 months between baseline and endpoint
measurements (38), will be reported in subsequent publication(s)
alongside other outcomes assessed at 240days. The study was
conducted according to the guidelines of the Declaration of Helsinki
and approved by the Independent Ethics Committee/Institutional
Review Board (IRB) of the National Institute of Nutrition in Hanoi,
Vietnam (IRB approval code: 1251/VDD-QLKH). The study was
prospectively registered at ClinicalTrials.gov (Abbott Nutrition 2022;
NCT05239208).

2.2 Study setting and population

The study took place in the north of Vietnam at both the main
study center (National Institute of Nutrition [NIN]) in Hanoi and 7
preschool satellite sites in Son Duong District, Tuyen Quang Province,
Vietnam. After parental consent for screening was obtained, NIN
collected anthropometric and demographic information of
approximately 3,000 children to screen for children who met the study
eligibility criteria. Inclusion criteria were children aged 24-60 months
who were undernourished or at risk of undernutrition, as defined by
WAZ<—-1 and HAZ< -1 according to the 2006 WHO Growth
Standards (39), who also met the criterion of weight-for-height-z score
[WHZ] < 0; and whose parent(s)/legal guardian (described collectively
as “parents” henceforth) were willing to abstain from giving additional
non-study ONS. Children were excluded if known to have
galactosemia or an allergy or intolerance to any ingredient in the study
product, currently drinking products from Abbott Nutrition, had
continuous ONS usage for at least 15days in the past month prior to
screening, were born pre-term (birth before 37 weeks of gestation, as
reported by a parent), had a birth weight <2,500¢g or>4,000g, either
parent had a body mass index (BMI) >27.5kg/m? had current acute
or chronic infections, or diagnosed of clinically significant medical
condition (such as severe gastrointestinal, neoplastic, renal, hepatic,
cardiovascular, hormonal or metabolic disorders, congenital disease,
or genetic disorders) or clinically significant nutritional deficiency
requiring specific treatment with another nutritional supplement
(other than the study product) in the opinion of the investigator.

2.3 Study procedures

Randomization schedules were computer-generated using a
biased-coin minimization approach to dynamically assign children to
maintain the best possible balance within strata at each site and across
sites overall. An electronic data capture system was used to assign
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subject numbers and allocate participants according to the schedules.
As eligible participants were enrolled, they were sequentially assigned
a subject number in ascending numerical order within the site and
strata combination.

As an open-label study, participants, investigators, and the study
team were not blinded to the treatment group allocation. However, as
the study product was supplied in plain foil packaging labeled as
clinical products for research use, the participants did not know the
details of the brand or manufacturer of the ONS provided. Similarly,
investigators providing DC were blinded, and clinicians/nurses who
performed study outcome assessments were also blinded wherever
possible to reduce bias (40).

All study procedures at baseline, days 30, 120 and 240 were
completed at the satellite sites (pre-schools). DC was provided to all
participants at baseline, day 30 and day 120. DC content was based on
local food-based dietary guidelines (41) and the food pyramid (42),
including techniques to improve diet quality and help the child to
meet daily nutritional requirements according to Vietnamese
Recommended Dietary Allowances (RDA) (43). Intervention group
participants additionally received two servings of ONS daily for
240 days: administered by teachers at pre-school on weekdays, and by
parents at home on weekends or holidays. Baseline assessments and
dietary counseling were performed from study day —6 to day 0. Day
1 was the first school day after participants completed all baseline
assessments and when the intervention group received their first
serving of study product. The ONS (PediaSure®; Abbott Laboratories,
Vietnam) was packed in a sachet, reconstituted with water up to
225mL just before consumption. One serving of ONS provides
226kcal of energy, 6.74g of protein, 8.81g of fat, and 29.47g of
carbohydrates. Two servings of ONS daily provide approximately 34
and 54% of recommended energy and protein intake respectively, and
more than 50% of each micronutrient recommended intake
(Supplementary Table S1). Prior to weekends or holidays, parents met
with the product coordinator to receive a sufficient quantity of the
study product for consumption during non-pre-school days (public
holidays, sick leave, etc.) until the child returned to pre-school.

Owing to the COVID-19 pandemic, some changes to study
procedures were made to maintain participant and staff safety while
minimizing risks to trial integrity. These included: (1) allowing a wider
window for the visit at day 30 (7-day window instead of 5-day) to
accommodate the completion of stay-home notices; (2) allowing
in-home visits by trained staff to collect anthropometric measurements
and deliver study products; and (3) to administer DC or collect study
data via telephone, including 24-h recalls and collection
of questionnaires.

2.4 Concomitant therapy

According to dietary guidelines (44), it is recommended for
children over 6months to consume milk and dairy products
appropriate to their age. Therefore, the DC only control group was
encouraged to continue with their current milk intake and the
ONS+DC intervention group was counseled on how to use the study
product as part of their daily diet. Use of any non-study ONS (defined
as formulas with an energy density of at least 1kcal/mL, containing
protein, carbohydrate and/or fat, as well as a wide range of
micronutrients to supplement or use as the sole source of nutrition),
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as well as any product from Abbott Nutrition other than study
product, was not allowed in either study group.

2.5 Outcomes

The primary study endpoint was the change in WAZ from baseline
to day 120. Secondary endpoints were changes in anthropometric
measures (absolute weight, absolute height, WAZ, weight-for-age
percentile [WAP], HAZ, HAP, WHZ, weight-for-height percentile
[WHP], BMI-for-age z-score [BMIAZ], BMI-for-age percentile
[BMIAP], mid-upper-arm circumference-for-age z-score [MUACAZ]
and mid-upper-arm circumference-for-age percentile [MUACAP)
based on the WHO Growth Standards) from baseline to day 30 and
day 120, energy and macronutrient adequacy and appetite at these
time points. Changes in height-for-age difference (HAD) and weight-
for-age difference (WAD) from baseline to day 30 and 120 were
included in post-hoc analyses. Exploratory endpoints included
nutritional status, and improvement in nutritional status from
baseline, at days 30 and 120. Nutritional status was defined with
anthropometric z-score indices (45): < —3 (severe), > —3 to < —2
(moderate), > —2 to < —1 (mild), and > —1 (normal) for underweight
(WAZ), stunting (HAZ) and wasting (WHZ). Other exploratory
outcomes included: (a) arm-anthropometric proxy body composition
indices (mid-upper-arm muscle circumference (MUAMC), arm
muscle area (AMA), arm fat area (AFA), and arm fat index (AFI), (b)
lower leg length, (c) muscle strength, (e) attentional focus, (f) sleep,
and (g) parent-rated physical activity level, energy and (h) parental
satisfaction with child’s and growth and evaluation of improvement
from baseline. All endpoints reported in the current paper were
assessed at baseline, and days 30, and 120, except for lower leg length,
which was assessed only at baseline and day 120.

2.6 Outcome assessments

Anthropometric measurements were performed by designated
research staff present at pre-schools at each visit. Staff were trained in
the techniques of weight, height, MUAC, and triceps skinfold
measurements using standardized methods. Weight was measured (in
light clothing without footwear) using calibrated electronic weighing
scales (Tanita HD 661) and recorded to the nearest 0.1 kg. Standing
height was measured (without footwear) using a height stadiometer
(ShorrBoard® Infant/Child Measuring Boards) and recorded to the
nearest 0.1 cm. MUAC was determined with a flexible, non-stretchable
measuring tape and recorded to the nearest 1 mm. Triceps skinfold
(TSF) was measured using a skinfold caliper (Harpenden) as an
approximation of body fat and recorded to the nearest 0.1 cm. Lower
leg length was measured with a knemometer (Shorr Knee-Height
Caliper) as the distance from the surface of the right flexed knee to the
bottom of the sole, and was performed by the same trained observer
without reference to previous recordings.

Sex-age-specific Z-scores and percentiles based on the WHO
Child Growth Standards 2006 for weight-for-height, weight-for-age,
BMI-for-age, height-for-age, and MUAC-for-age were calculated
(39). HAD was calculated as the difference between measured height
and the median sex-age-specific height using the same growth
standards (46). WAD was calculated using the same concept. HAD is
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the absolute height deficit relative to the standard, and a reduction in
HAD from baseline indicates that a child is growing faster than
expected for their age and sex. It is one criterion necessary for
demonstrating linear catch-up growth (47). MUAMC was defined as
MUAC minus fat mass as measured by TSF thickness (48), using the
MUAMC = MUAC - (TSFxm)

anthropometric measures of MUAC and TSF thickness were used to

following  formula: Arm
calculate proxies for body composition indices: AMA, AFA, and AFI

using the following equations:

2
AMA = (MUAC - TSF n) ; (48) AFI=total arm area (TUA)-
4r 5
'A
AMA, where TUA (total arm area) = M ; (49)
AFA 4n

AFI = ——x100
TUA (49). AMA is a proxy index of total body muscle

mass (48), AFA is an estimate of fat percentage in the upper arm, and
AFI is the percentage of the arm that is fat (49).

Dietary intake was assessed with the 24-h dietary recall method
using a prompted 24-h recall template by a dietitian or trained
researcher to ensure completeness of the dietary record. Nutrient
analysis was performed using the Access analysis program with the
local food database created by NIN Vietnam. Energy and
macronutrient intake and nutrient adequacy were assessed. Nutrient
adequacy was defined as meeting 77% of the daily recommended
nutrient intake (RNI) (48). Age-specific RNIs from Vietnamese
Recommended Dietary Allowances were used.

Muscle strength was assessed using the digital Jamar handgrip
strength dynamometer only for older children (36-60months at
baseline). Handgrip strength assessment in younger children has been
found to be unreliable and norms are only available for children
>3years (50).

Sleep assessments were parent-reported and measured with a
questionnaire developed for this study based on existing validated
sleep questionnaires for children (51, 52). Parents were asked to report
sleep duration (day and night sleep duration), sleep quality on a
10-point visual analog scale (VAS) where 0 and 10 represented “very
poor” and “very good” overall sleep quality, respectively, and the
number of times and duration of night sleep awakenings.

Attentional focusing was assessed with the attentional focusing
subscale of the Early Childhood Behavior Questionnaire (ECBQ) (53)
or the Children’s Behavior Questionnaire (CBQ) (54) for children
aged 24-36 months and > 36 months, respectively, at baseline. The
same questionnaire was administered across visits for each child, even
if the child progressed to the next age band at subsequent visits. Scores
from the ECBQ and CBQ were reported separately rather than
combined, as recommended by the questionnaire developer.

Child physical activity and appetite levels over a 24-h period were
rated on a 10-point VAS. Parental satisfaction with child growth was
reported using a 10-point VAS and included questions on satisfaction
with the child’s weight, height, growth, muscle, bone, teeth, skin, hair,
nails, and eyes.

2.7 Adverse events
Adverse events (AEs) were collected by a standard method where

all untoward medical occurrences temporally associated with the
study, whether or not related to the study product, were recorded. AEs
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were reported by parents and caregivers and recorded by the study
sites. Both non-serious and serious AEs were medically confirmed and
assessed for causality by the study physicians. AEs were coded and
grouped according to the Medical Dictionary for Regulatory Activities
(MedDRA version 21.1) terminology.

2.8 Statistical analysis

Sample size was calculated based on the primary outcome, and the
between-group difference in the mean change of WAZ from baseline
to 120 days. A sample size of 132 in each group was calculated to have
80% power to detect a between-group difference of at least 0.08 in the
mean changes in WAZ from baseline to 120 days, assuming a common
standard deviation of 0.231 (30) using a two-group t-test with a 0.05
two-sided significance level. Target enrolment was 165 per group
assuming a 20% attrition. The nQuery software (version 8) was used
for sample size calculations (nQuery, 2017).

All statistical analyses were performed on the intention-to-treat
(ITT) and per-protocol (PP) populations using SAS® Version 9.4
software (SAS Institute Inc). The ITT population included all
randomized participants who received at least one study feeding (in
the intervention group), regardless of the actual feeding consumed.
The PP population included only participants who consumed at least
75% of prescribed ONS intake (ONS+DC group only), did not
consume medications or supplements that could affect the primary or
secondary outcomes for more than 25% of the intervention period,
did not consume any non-study ONS or Abbott Nutrition product,
and met all study eligibility criteria.

Continuous baseline demographic variables were summarized
with means and SD, whereas categorical variables were summarized
as number of participants (n) and as percentages (%). Primary,
secondary and post-hoc anthropometric endpoints were analyzed
with ANCOVA, with changes from baseline to day 30 or 120 as the
dependent variables. Main effects were site, treatment and gender,
with treatment x gender as an interaction effect. Baseline values of the
outcome variable and age were included as covariates of the ANCOVA
models. To explore whether treatment effects were different across
nutritional status subgroups, additional ANCOVA analyses including
interaction terms of treatment X nutritional status were performed for
WAZ, HAZ, WHZ, BMIAZ, and MUACYZ indices. Nutritional status
subgroups were defined as < —2 vs. > —2 for WAZ and HAZ, and < —1
vs. > —1 for WHZ, BMIAZ, and MUACZ endpoints. Different cut-offs
were used because the inclusion criteria in this study was < — 1 for
WAZ and HAZ, and < 0 for WHZ, and cut-offs were chosen to achieve
balanced numbers of participants in each nutritional status subgroup.
Nutritional status categories at baseline were compared between
groups using chi-squared tests and any improvement in nutritional
status from baseline analyzed using generalized estimating equation
(GEE) with main effects for site, treatment, gender, visit, interaction
effects of treatment X visit and treatment x gender, with age and
baseline nutritional status as covariates. Subgroup analyses were also
performed for improvement in nutritional status based on baseline
severity: (a) WAZ, HAZ, or WHZ> -2 at baseline; and (b) WAZ,
HAZ or WHZ < -2 at baseline.

Other continuous endpoints including energy and macronutrient
intake, arm anthropometric indices, 10-point VAS scores, sleep, and
sleep awakening durations, and CBQ and ECBQ scores were analyzed
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with repeated measure ANCOVA with main effects for site, treatment,
gender, visit, interaction effect of treatment x visit, treatment x gender,
and with age and baseline values of the corresponding outcome as
covariates. Residuals from parametric analysis were utilized to check
for deviation from normality by a combination of methods (stem-and-
leaf plot of residuals, normality plot, Shapiro-Wilk test).

Categorical outcome variables, namely nutrient adequacy against
Vietnam estimated average requirements were analyzed with
chi-square test. Lower leg length at 120days was analyzed using
two-sample two-sided Wilcoxon rank sum test. Number of night
awakenings was analyzed using GEE with main effects for site,
treatment, gender, visit, interaction effects of treatment x visit and
treatment x gender, and with age and baseline values of the outcome
as covariates. To analyze the effect of product intake compliance on
growth, multiple linear regression analyses including age (in months),
gender, site, baseline values of the outcome and the number of
servings consumed in the 120-day intervention period as predictors
were performed with each primary and secondary anthropometric
endpoint as the dependent variable. All tests of hypotheses were
two-sided, 0.05 level tests, except tests for interaction effects which
were two-sided 0.10 level tests.

3 Results
3.1 Participants

Initially, 332 children were screened for eligibility, of whom 2 did
not meet the inclusion criteria. A total of 330 eligible children were
randomized in this study (164 intervention, 166 control) as shown in
the CONSORT flow diagram (Figure 1) (55). Six intervention
participants who did not receive any ONS (due to parents’ change in
mind on study participation or that the child could not accept the taste
of the study product) were excluded from the ITT population. In total,
324 and 280 participants were included in the ITT and PP populations,
respectively. Results of ITT and PP analyses were similar and only ITT
results are presented subsequently. The study was conducted from
January 2022 to December 2022 including the intervention period.
Children were enrolled in 2 batches: the first batch of 282 (85%)
children were enrolled between 14 and 21 January 2022, and the
second batch between 13 and 15 April 2022. In between these
enrolment waves, there was an escalation of the COVID-19 situation
in Vietnam and a COVID-19 lockdown affecting the study sites was
enforced between 8 February-4 April 2022. During this period,
pre-schools were closed, and people were encouraged to work from
home and stay at home whenever possible with safe-distancing
measures enforced.

Within the ITT population, 88.6% of children were in the older
age strata (37 and 287 children aged >24-36 and > 36-60 months,
respectively) and the mean overall age was 46.5 months (standard
error [SE]: 0.5) at enrolment, with approximately equal males
(48.8%) and females (Table 1). At baseline, all children were at least
mildly stunted and mildly underweight. Additionally, 58.1% of
children were also at least mildly wasted, whereas 41.9% had a
normal weight-for-height status with WHZ between <0 and>—1
(Figure 2). Most children were mildly underweight (68.2%), and the
majority were also mildly stunted (66.4%), defined as WAZ or
HAZ< -1, children were

respectively. Fewer moderately
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CONSORT study flow diagram. DC, dietary counseling; ITT, intention-to-treat; ONS, oral nutritional supplements; PP, per-protocol.

underweight (29.6%) or moderately stunted (31.5%), and very few
were severely underweight or stunted (Figure 2). 49.7% of all
children had mild wasting and very few children in the study
population were moderately or severely wasted (7.8 and 0.6%,
respectively). Key baseline characteristics are reported in Table 1 and
additional characteristics in Supplementary Table S2.

3.2 Primary outcome, weight and weight
indices

The ONS+DC group had greater increases in weight, WAZ, WAP
and WAD at both day 30 and 120 than the DC-only control group
(p<0.001 for all parameters and at both timepoints; Table 2). The
primary endpoint of this trial was achieved in that the ONS+DC
group had a larger WAZ gain than the control group at day 120 (WAZ
change from baseline to day 120, least squares mean [LSM] + SE:
0.30%£0.02 vs. 0.13+0.02 [control]; mean difference: 0.17+0.03;
p<0.001; Table 2; Figure 3A). Mean WAZ and WAP increased at day
30 from baseline in both groups and remained stable to day 120 in the
ONS+DC group, whereas there was a slight decline in the control
group at day 120 (Table 2; Figure 3A).

Frontiers in Nutrition

3.3 Height, height indices, and
proportionate weight indices

Height gain in the ONS+DC group was also greater in all measures
(absolute height, HAZ, HAP and HAD) than the control group at day
120 (p<0.01 for all measures) but not on day 30 (Table 2). At day 120,
the ONS+DC group had a larger absolute height gain of 2.98 in cm
(SE: 0.07) compared with 2.52cm (SE: 0.07) in the DC group
(p<0.001). Using relative height-for-age indices, both groups increased
HAP and HAZ from baseline (Table 2; Figure 3B), with the ONS+DC
group showing twice the growth improvements at day 120 (HAZ:
0.20+0.02 vs. 0.09+0.02 [control]; HAP: 2.66+0.26 vs. 1.11+0.26
[control]; both p<0.001; Supplementary Table S3). Using absolute
height deficits, the DC group had a minimal change of 0.1 cm (SE: 0.07)
in HAD from baseline whereas the ONS + DC group had a 0.56 cm (SE:
0.07) improvement in HAD (p<0.001) at day 120 (Table 2). 77.4% in
the ONS+DC group, compared to 59.3% in the DC group, had a
reduction in absolute height deficit, indicated with a positive change in
HAD (odds ratio (95% CI): 2.42 (1.46, 4.00); p=0.001).

Proportionate  weight, assessed with weight-for-height
(Figure 3C), BMI-for-age and MUAC z-scores and percentiles, were
also higher in the ONS+DC group at both day 30 and 120 than the
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TABLE 1 Key baseline sociodemographic and anthropometric
characteristics of participants and households.

ONS+DC DConly

(n=158) (n=166)
Child characteristics
Age (months) ‘ 46.8+0.7 ‘ 46.3+0.6
Age categories, n (%)
> 24 to <36 months 19 (11.4) 18 (11.4)
> 36 to <60 months 140 (88.6) 147 (88.6)
Gender, n (%)
Male 76 (48.1) 81 (48.8)
Female 82 (51.9) 85(51.2)
Anthropometry
Weight-for-age (z-score) —1.91+0.05 —1.85+0.04
Height-for-age (z-score) —1.84+0.04 —1.86+0.04
Weight-for-height (z-score) —1.23+£0.05 —1.12+0.05
BMI-for-age (z-score) —1.07+0.05 —0.96£0.05
MUAC-for-age (z-score) —1.23+£0.05 —1.19+0.05
Gestational age (weeks) 38.5+0.1 38.5+0.1
Exclusive breastfeeding (months) 5.14+0.13 5.33+0.13
Total breastfeeding® (months) 8.82+0.37 8.74+0.37
Parental and household characteristics
Mother’s highest level of education, n (%)
Postgraduate degree or doctorate 0(0.0) 0(0.0)
College or university degree 11 (7.0) 9(5.5)
Associate or technical degree 15 (9.6) 7 (4.2)
High school diploma 69 (43.9) 88 (53.3)
Secondary school 50 (31.8) 46 (27.9)
Primary school or less 12 (7.6) 15 (9.1)
Annual income quintiles, n (%)
1st Quintile 40 (25.3) 43 (26.2)
2nd Quintile 28 (17.7) 38(23.2)
3rd Quintile 38 (24.1) 33(20.1)
4th Quintile 31 (19.6) 29 (17.7)
5th Quintile 21(13.3) 21(12.8)
Number of children up to 13 years old in 2.16£0.06 1.99+0.06
home

Data are presented as mean + SE for continuous variables and n (%) for categorical variables.
“Include partial and exclusive breastfeeding duration. BMI, body mass index; DC, dietary
counseling; LSM, least squares mean; MUAC, mid-upper arm circumference; ONS, oral
nutritional supplement; SE, standard error.

control group (p<0.05 for all measures and timepoints, except for
MUAC percentiles gain at day 120: p=0.078; Table 2).

3.4 Anthropometric growth by baseline
nutritional status

In exploratory analyses to investigate whether treatment effects
were different by baseline nutritional status (WAZ, HAZ: > -2 vs. <
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—2; WHZ: > —1 vs. < —1), the treatment-by-baseline-nutritional-
status interaction term was significant only for WHZ at day 120
(interaction term: p=0.074) but not for WAZ or HAZ at any time
point. At day 120, WHZ gain was larger in the ONS+DC group
compared with the control group only in the subgroup with wasting
at baseline (WHZ < —1 subgroup; WHZ gain: 0.40+0.05 vs. 0.15+0.05
[control], p<0.001). In children without wasting at baseline, there was
no difference in WHZ gain between groups (WHZ > —1 subgroup;
WHZ gain: 0.19+0.06 vs. 0.13+0.05 [control], p=0.45; Figure 3D).

3.5 Nutritional status at days 30 and 120

At baseline, nutritional status was not different between groups
(Supplementary Table 52). At day 120, stunting status was different
between groups (p=0.015), with 3 times as many children in the
ONS +DC group (11.6%) having recovered to a normal height status
(HAZ>— 1) compared to the DC group (3.7%; Table 3). ONS+DC
had also higher odds of less severe stunting at day 120, and less severe
underweight and wasting at both days 30 and 120 (Table 3). Similarly,
in subgroup analyses of mild undernutrition at baseline, more
children in ONS+DC recovered to a normal height status (16.2%
[ONS+DC] vs. 5.8% [DCJ; p=0.016) and normal weight-for-height
status (34.5% [ONS+DC] vs. 19.4% [DC]; p=0.036) at day 120,
whereas the difference did not reach statistical significance for
recovery to normal weight status (18.1% [ONS+DC] vs. 10.1% [DC];
Pp=0.092; Supplementary Table S4A). In subgroups with moderate-
to-severe undernutrition at baseline, i.e., subgroups meeting WHO’s
definition of undernutrition (HAZ, WAZ or WHZ < —2), 32.7% vs.
19.0% recovered from moderate stunting (p=0.104), 36.0% vs. 19.2%
recovered from moderate underweight (p=0.058) and 66.7% vs.
33.3% (p=0.085) recovered from moderate wasting in the ONS+DC
and DC groups, respectively (Supplementary Table S4B). These
differences did not reach statistical significance likely due to smaller
sample sizes (total n=107, 102 and 27, respectively, for HAZ, WAZ
or WHZ < — 2 respectively, at baseline).

3.6 Energy and macronutrient intake and
adequacy

At baseline, the majority of the study population had inadequate
energy, carbohydrate, and fat intake (33.1, 33.7 and 16.1% adequacy for
energy, carbohydrate and fat, respectively). Regular milk consumption
was allowed, and DC group reported consuming cow’s milk, fortified
beverages, growing up milk, and other beverages such as plant-based
milk. A higher proportion of the ONS+DC group achieved nutrient
adequacy at days 30 and 120 for energy, carbohydrate, and fat adequacy
(p<0.05, for all comparisons). At day 120, > 80% of the ONS+DC
group achieved adequacy for energy, protein and carbohydrate intake
and almost 70% achieved fat intake adequacy (Table 4). In contrast, only
45.1, 51.9, and 23.5% achieved energy, carbohydrate, and fat adequacy,
respectively, in the DC group. Protein adequacy was high (88.2%) at
baseline in the overall study population. At day 30, no difference in
protein adequacy between groups was observed. However, at day 120,
100% of the ONS + DC group achieved protein adequacy, a higher rate
than the control (100% vs. 93.2% [control]; p<0.001). Mean intakes of
energy and all macronutrients were also higher in the ONS+DC group
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Nutritional status of study participants at
baseline

68.2 66.4

Percentage (%)

49.7

29.6 315

7.8
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Height-for-age
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Weight-for-height
(Wasting)

@ Moderate undernutrition
O Normal/No Undernutrition

B Severe undernutrition
OMild undemutrition

FIGURE 2
Severity of underweight, stunting, and wasting of the overall study
population at baseline. Severity of undernutrition is defined by
z-score cut-offs as: > —1 for normal/no undernutrition; < -1 to > -2
for mild; < —2 to > —3 for moderate; and < -3 for severe
undernutrition, using weight-for-age, height-for-age, and weight-
for-height indices for underweight, stunting and wasting,
respectively.

at days 30 and 120 (p <0.001, for all comparisons; Table 4). The increase
in mean energy and macronutrient intake at day 120 from baseline,
expressed as a percentage of baseline intake, in the ONS+DC group was
51% vs. 9% (DC) for energy, 45% vs. 7% (DC) in for protein, 41% vs.
11% (DC) for carbohydrate, and 82% vs. 9% (DC) in for fat intake.

3.7 Lower leg length, arm anthropometry,
and handgrip strength

No difference was observed in lower leg length between the
groups at day 120. The ONS+DC group had larger arm muscle
indices: a larger MUAMC and a larger AMA at post-baseline visits
than the control group (MUAMC [cm] LSM +SE: 12.42+0.03 vs.
12.3240.03 [control], p=0.027; AMA [cm?], LSM +SE: 12.31+0.06
vs. 12.12£0.06 [control], p=0.026). No differences between groups
were found in the arm fat indices of AFA or AFI, or in dominant or
non-dominant handgrip strength (for children >36months at
enrolment only) at post-baseline visits.

3.8 Sleep and attentional focusing

Parents of participants in the ONS+DC group reported
improved child sleep in four out of the five domains evaluated in the
sleep questionnaire: a longer night sleep duration (hours, LSM + SE:
9.41+0.05 vs. 9.26+0.05 [control], p=0.015), better sleep quality
(10-point VAS score: 8.81+0.06 vs. 8.39+0.06 [control], p<0.001),
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shorter duration of night awakenings (minutes of awakening:
0.83+0.27 vs. 1.99+0.27 [control], p=0.001), and fewer night
awakenings (odds of ONS + DC group having fewer awakenings: 1.62
[95% CI, 1.05-2.49]; p=0.029). Duration of day sleep was not
significantly different between groups. Most children (88.6%)
completed the CBQ attentional focusing subscale as they were
36-60 months old at enrolment. In this age subgroup, participants in
the ONS+DC group had better attentional focusing scores than
participants in the control group (mean score, LSM + SE: 4.70 +0.05
vs. 4.55+0.05 [control], p=0.047). There was no significant difference
in attentional focusing scores among the younger age group
completing the ECBQ (n=37; Supplementary Table S5).

3.9 Parent-rated appetite, physical activity,
energy levels

Parent-rated appetite, physical activity, and energy/activity levels,
as indicated on a 10-point VAS, were higher in the ONS+DC group
than DC over days 30 and 120 (appetite score LSM + SE: 7.10+0.09 vs.
6.50+0.08 [DC], p<0.001; physical activity score LSM + SE: 8.21£0.07
vs. 7.90£0.06 [DC], p<0.001; energy/activity score LSM =+ SE:
8.15+0.07 vs. 7.94+0.07 [control], p=0.021; Supplementary Table S5).

3.10 Parental satisfaction and evaluation of
improvement in child’s growth and health

At baseline, there were no differences in parental satisfaction of
child’s weight, height, growth, muscle, and bone health on 10-point
VAS between groups. Parental satisfaction scores in all domains were
higher in ONS+DC group post-baseline (mean scores: 6.97-7.50;
Supplementary Table S6). When asked to evaluate improvements in
their child’s health and growth from baseline, ratings were also higher
in the ONS+DC group in all domains including growth, muscle,
bone, teeth, alertness/curiosity/eagerness, skin, nails, hair, and eyes
(all p<0.001; Supplementary Table S7).

3.11 Product intake compliance and
association with weight, height, and
proportionate weight

Overall, ONS intake compliance in the intervention group was
high (median compliance at day 30: 98.6%, interquartile range [IQR]:
97.1-100%; median compliance at day 120: 95.9%, IQR: 92.3-98.3%).
The number of servings consumed in the 120-day period was
positively associated with height and HAZ gain at day 120 (per 225mL
serving, height gain [cm] beta: 0.0056, p=0.018; HAZ gain beta:
0.0013, p=0.0194) while inversely associated with WHP gain at day
120 (per 225mL serving, WHP gain beta: —0.087, p=0.0248).
However, after adjusting for height gain, the number of servings
consumed was no longer significantly associated with WHP gain (per
225mL serving, WHP gain beta: —0.065, p=0.094), suggesting that
the negative association with WHP was partly attributed to the height
gain of the children. The number of servings of ONS consumed over
the 120-day period was not significantly associated with any other
weight, height, or proportionate weight measures or indices in these
multiple linear regression analyses.
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TABLE 2 Effect of ONS intervention on anthropometric parameters from baseline to days 30 and 120.*

10.3389/fnut.2024.1341963

Visits ONS +DC DC Only Difference p-value
Weight (kg) Baseline 12.51+£0.07 12.59+0.07 —0.08+0.09 -
Change at Day 30 0.64+0.03 0.44+0.03 0.21£0.05 <0.001
Change at Day 120 1.04+0.04 0.73+0.04 0.31+0.05 <0.001
WAZ Baseline —1.91+0.05 —1.85+0.04 —0.06+0.06 -
Change at Day 30 0.30+0.02 0.18+0.02 0.12+0.03 <0.001
Change at Day 120 0.30+0.02 0.13+0.02 0.17+0.03 <0.001
WAP Baseline 4.39+0.32 4.91+0.32 —0.53+£0.43 -
Change at Day 30 3.38+0.27 1.84+0.26 1.54+0.36 <0.001
Change at Day 120 3.55+0.3 1.49+0.29 2.06+0.40 <0.001
WAD Baseline —3.43+0.07 —3.35+£0.07 —0.08+0.09 -
Change at Day 30 0.43+0.03 0.22+0.03 0.20£0.05 <0.001
Change at Day 120 0.32+0.04 0.01+0.0.04 0.31+0.05 <0.001
Height (cm) Baseline 94.28+0.18 94.17+0.18 0.11+£0.25 -
Change at Day 30 0.87£0.06 0.85+0.06 0.02+0.08 0.833
Change at Day 120 2.98+0.07 2.52+0.07 0.46+0.09 <0.001
HAZ Baseline —1.84+0.04 —1.86+0.04 0.02+0.06 -
Change at Day 30 0.05+0.01 0.05+0.01 0.00£0.02 0.876
Change at Day 120 0.20£0.02 0.09+0.02 0.11£0.02 <0.001
HAP Baseline 4.89+0.34 4.79+0.33 0.10+£0.45 -
Change at Day 30 0.75+0.22 0.72+0.21 0.03+£0.29 0.929
Change at Day 120 2.66+0.26 1.11+£0.26 1.54+0.35 <0.001
HAD Baseline —7.65+£0.18 —7.76+0.18 0.11+£0.24 -
Change at Day 30 0.12+0.06 0.11+0.06 0.01+0.08 0.843
Change at Day 120 0.56+0.07 0.10+0.07 0.46 £0.09 <0.001
WHZ Baseline —1.23£0.05 —1.12£0.05 —0.10£0.07 -
Change at Day 30 0.40+0.03 0.24+0.03 0.16+0.04 <0.001
Change at Day 120 0.31+0.04 0.15+0.04 0.16£0.05 0.002
WHP Baseline 14.50+£0.93 16.50+£0.92 —2.01£1.25 -
Change at Day 30 10.16+0.81 5.82+0.8 4.34+1.09 <0.001
Change at Day 120 7.68+0.88 4.08+0.85 3.60+1.16 0.002
BMIAZ Baseline —1.07+0.05 —0.96+0.05 —0.11+0.07 -
Change at Day 120 0.38+0.03 0.23+0.03 0.16£0.04 <0.001
Change at Day 120 0.24+0.04 0.10+0.04 0.14+0.05 0.006
BMIAP Baseline 17.87+1.07 20.20£1.05 —2.33+143 -
Change at Day 30 10.70+£0.87 5.98+0.85 4.72+1.17 <0.001
Change at Day 120 6.59+0.92 3.02+£0.9 3.58+1.24 0.004
MUACZ Baseline —1.23+0.05 —1.19+0.05 —0.04+0.07 -
Change at Day 30 0.05+0.03 —0.06+0.03 0.11+0.04 0.006
Change at Day 120 0.06+0.04 —0.04£0.03 0.10+0.05 0.030
MUACP Baseline 14201 15.33+£0.98 -1.13+1.34 -
Change at Day 30 0.89+0.57 —0.97+0.57 1.86+0.77 0.016
Change at Day 120 1.30+0.76 —0.46+0.73 1.76 £1.00 0.078

Data are presented as LSM + SE. Change values: ANCOVA. p-values in bold are p <0.05, underlined p-values are p <0.10 and >0.05. ANCOVA, analysis of covariance; BMI, body mass index;

BMIAP, BMI-for-age percentile; BMIAZ, BMI-for-age z-score; DC, dietary counseling; HAD, height-for-age difference; HAP, height-for-age percentile; HAZ, height-for-age z-score; LSM, least
squares mean; MUACP, mid-upper arm circumference percentile; MUACZ, mid-upper arm circumference z-score; ONS, oral nutritional supplement; SE, standard error; WAD, weight-for-age
difference; WAP, weight-for-age percentile; WAZ, weight-for-age z-score; WHP, weight-for-height percentile; WHZ, weight-for-height z-score.
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3.12 Adverse events

AEs were mild for the majority of participants with no significant
difference in severity between the study groups. A total of 53.8% of
participants in the ONS + DC group and 60.6% in the control DC-only
group reported at least one AE. The proportion of participants with
any AE, serious or non-serious, was not significantly different between
the study groups (p=0.24). AEs commonly associated with
gastrointestinal tolerance (i.e., constipation, diarrhea, and vomiting)
were reported in 3% of participants with no differences observed
between the ONS+DC and DC-only groups. The majority of AEs
(98.1%) were non-serious with the remaining 1.9% of participants (6
participants) reporting a serious AE (SAE). This included 1 participant
from the ONS+DC group and 5 participants from the control
DC-only group. None of the SAEs were related to the study
interventions. Overall, the study ONS product (i.e., ONS + DC) was
found to be safe and well-tolerated.

4 Discussion

The current study demonstrates that supplementation with ONS
alongside DC for 120days significantly improved key nutritional
indicators, namely improved growth in weight, height, linear catch-up

10.3389/fnut.2024.1341963

growth, and increased energy and macronutrient intake and adequacy
in children aged 24-60months at risk of or with undernutrition,
compared with DC alone encouraging habitual milk consumption.
This study also found several other benefits from the added ONS
strategy, in terms of larger arm muscle but not fat indices, better
parent-reported child’s sleep habits, child’s appetite, physical activity
and energy levels, as well as higher attentional focusing scores in the
ONS +DC group.

Compared with the DC-only group, the ONS+DC group
improved growth in weight and height consistently across absolute
and the various age-and-sex-standardized z-score or percentile
indices. As expected, intervention effects on linear growth were
detected later, as weight, weight-for-height, BMI- and MUAC-for-age
gains were greater in the ONS+DC group from day 30, whereas
height gains were greater only at day 120. Interaction analyses by
baseline nutritional status suggest that intervention effects on stunting
and underweight status were not different between mild and
moderate-to-severe subgroups at baseline. For weight-for-height,
ONS+DC only increased WHZ if at least mild wasting was present at
baseline. Analyses of nutritional status categories showed that three
times as many children in the ONS+DC group recovered to a normal
height-for-age status at day 120 compared to the DC-only group.

Using absolute height deficits, the DC group showed minimal
change in HAD whereas the ONS+DC group had a mean HAD
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TABLE 3 Nutritional status at day 30 and day 120.

10.3389/fnut.2024.1341963

Undernutrition Severity (n, %) Odds ratio of lower p-value!
ONS +DC DC only p-value* S L—
Day 30
Stunting
Normal 5(3.2) 7 (4.3) 0.839 - 0.218
Mild 107 (67.7) 107 (65.6)
Moderate-Severe 46 (29.1) 49 (30.1)
Underweight
Normal 17 (10.8) 12 (7.4) 0.569 1.97 (1.06, 3.66) 0.030
Mild 102 (64.6) 109 (66.9)
Moderate-Severe 39 (24.7) 42 (25.8)
Wasting
Normal 100 (63.3) 90 (55.2) 0.256 # #
Mild 50 (31.6) 66 (40.5)
Moderate-Severe 8(5.1) 7 (4.3)
Day 120
Stunting
Normal 18 (11.6) 6(3.7) 0.015 4.45 (1.79, 11.05) 0.003
Mild 103 (66.5) 108 (66.7)
Moderate-Severe 34 (21.9) 48 (29.6)
Underweight
Normal 19 (12.3) 11 (6.8) 0.096 4.13 (2.15,7.94) <0.001
Mild 102 (65.8) 102 (63.0)
Moderate-Severe 34(21.9) 49 (30.2)
Wasting
Normal 76 (49.0) 75 (46.3) 0.766 1.72 (1.17, 2.54) 0.006°
Mild 57 (36.8) 66 (40.7)
Moderate-Severe 22 (14.2) 21(13.0)

*#Chi-square test. ‘Odds ratio of ONS+DC to DC-only group having a lower severity at day 30 or 120: GEE (site, treatment, gender, treatment*gender, visit, treatment*visit, with age (in
months) and baseline value as covariates). #Overall treatment effect p-value across day 30 and day 120 (treatment-by-visit interaction not significant) across Day 30 and 120. GEE, generalized

estimating equation.

improvement of 0.56 cm at day 120. A positive change in HAD has
been interpreted as a faster-than-normal growth velocity compared to
children of their age and sex (36, 46, 56, 57), which fulfills one
criterion of catch-up growth (46, 47). Although a wide variety of
‘catch-up growth’ definitions have been used earlier (37, 58), Frongillo
et al. have recently specified the criteria necessary to demonstrate
catch-up growth (47). These criteria are: an initially reduced growth
velocity, the removal of an inhibiting condition, and a subsequent
higher-than-normal growth velocity (47).

We did not measure growth velocity prior to enrolment in our
study. However, since study inclusion criteria were HAZ<—1 at
enrollment, and normal weight (> 2,500g and <4,000g) at birth,
enrolled children likely had preceding periods(s) of reduced growth
velocity prior to enrollment. DC alone partly corrected the inhibitory
condition of inadequate nutrient intake at baseline, as indicated by the
slightly improved nutrient adequacy rates at follow-up visits in the DC
group. Nevertheless, 50% had still not met energy and carbohydrate
adequacy, and 70% had not met fat adequacy at day 120. In contrast,
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the ONS+DC group had only 7.0, 14.0, and 30.0% of children not
meeting energy, carbohydrate, and fat adequacy, respectively. Taken
together, study findings indicate that adding ONS to DC to improve
nutrient intake and to close the adequacy gap is an effective strategy
in promoting linear catch-up growth.

To the best of our knowledge, very few nutritional intervention
studies have reported effects on HAD. An earlier study of multiple
micronutrient powder supplementation in 6-23 months old Ethiopian
children found that though HAD decline was less in the intervention
group relative to the control group, the intervention group still had a
worsening height deficit from baseline to 1year (mean HAD of
—1.11cm (baseline) and — 4.2 cm (at 1year)), demonstrating that the
intervention had impact on linear growth relative to the control group
but no evidence of catch-up growth with respect to the growth
standards (59). Another study found that provision of quality maize
for 1year did not improve HAD or HAZ compared to the control
group, and all groups had increased height deficits after 1year (60).
Our study finding of 0.56 cm HAD improvement in the ONS+DC
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TABLE 4 Energy and macronutrient intake and adequacy at baseline, day 30, and day 120.*

Intake Achieving nutrient adequacy” (%)
Follow-up ONS +DC DC Only ONS +DC DC Only p-value
visits
Energy (kcal) Baseline 835.0+17.9 867.60+17.4 - 49 (31.0) 58 (35.2) -
Day 30 1207.0+£20.9 957.40+20.6 <0.001 132 (83.5) 80 (49.1) <0.001
Day 120 1264.5+19.0 949.97+18.7 <0.001 145 (92.9) 73 (45.1) <0.001
Protein (g) Baseline 33.0%1.0 34.69+1.0 - 136 (86.1) 149 (90.3) -
Day 30 45.0+1.0 37.18+1.0 <0.001 157 (99.4) 157 (96.3) 0.062
Day 120 47.940.9 36.99+0.9 <0.001 156 (100.0) 151 (93.2) <0.001
Carbohydrate (g) Baseline 128.0+2.7 130.15+2.7 - 48 (30.4) 61 (37.0) -
Day 30 175.743.3 144.40+3.2 <0.001 129 (81.6) 83 (50.9) <0.001
Day 120 180.8+3.0 144.05+3.0 <0.001 135 (86.5) 84 (51.9) <0.001
Fat (g) Baseline 212409 23.00+0.8 - 24 (15.2) 28 (17.0) -
Day 30 358+ 1.0 2552+1.0 <0.001 87 (55.1) 48 (29.4) <0.001
Day 120 38.6%0.9 25.0140.9 <0.001 108 (69.2) 38 (23.5) <0.001

*LSM + SE. "Based on age- and sex-specific estimated average requirement, derived from Vietnamese RNIs. Day 30/120 analyses: repeated-measures ANCOVA. p-values in bold are p <0.05.

Underlined p-values are p<0.1 and >0.05. ANCOVA, analysis of covariance; DC, dietary counseling; GEE, generalized estimating equation; LSM, least square mean; ONS, oral nutritional

supplement; SE, standard error.

group in 120 days is encouraging, particularly as children in this study
were at least 24months old at baseline (mean age: 46 months),
supporting previous analyses which show that linear catch-up growth
can occur beyond 24 months or after the first 1,000 days of life (61).
Several observations suggest that the ONS+DC group displayed
appropriate growth, rather than accelerated growth (or excessive
weight gain), which might have adverse effects on long-term health,
such as later life obesity (37). First, none of the children in this study
exceeded WHZ >2 at day 120, the WHO definition of overweight in
children. Second, weight-for-age and weight-for-height indices
increased from baseline to day 30 and remained stable or declined
slightly, respectively, relative to day 120 (Figures 3A,C), whereas
height-for-age indices increased continuously to day 120. Third,
interaction analyses indicated that only children with wasting at
baseline (WHZ < —1) in the ONS + DC group had larger WHZ gains
than the control group. Among children without wasting at baseline
(42% of the study population), there was no difference in WHZ gain
between groups (Figure 3D). The greater WHZ gain observed in the
subgroup with wasting is expected, as previous studies demonstrate
that weight gain in terms of weight-for-height correction occurs
before linear catch-up growth can occur, during the nutritional
rehabilitation of concurrently stunted and wasted children (34, 62, 63).
On the other hand, children with stunting but not wasting require
only weight gain that is proportionate to their height gain. This
requires an adequate intake of growth nutrients (such as zinc, sulfur,
phosphorous, vitamins D, C, K and copper) to support bone and lean
tissue synthesis for linear growth, without excess weight gain (63). The
lack of difference between treatment groups in WHZ in the subgroup
without wasting indicate that ONS+DC group did not put on excess
weight relative to the height gained in 120 days. Finally, proxy body-
composition indices with arm anthropometry also showed that arm
muscle indices, but not arm fat indices, were larger in the ONS+DC
group compared with the control group. Together, these observations
do not suggest continuous and disproportionate weight gain but show
improvements in height and body composition assessments (37).
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Current findings have some similarities to previous RCTs
comparing ONS (with or without DC) to DC or placebo control groups,
in similar populations of undernourished children without underlying
chronic medical conditions. Results on weight gain are generally
consistent across studies, with larger weight gain observed in the ONS
groups by day 30 and up to day 90 (27-30) or at 6months (32). On the
other hand, effects on height gain are mixed. Greater height gain in the
ONS group was reported by Alarcon et al. in 36-60 months old children
in Philippines and Taiwan (28), and by Lebenthal et al. in 3-9years old
children in Israel but only among the compliant ONS subgroup (32). In
contrast, two RCTs in India of children aged 24-72months and
24-48months found trends but no significant differences between
groups (27, 29), and a RCT in China of children aged 30-60 months by
Sheng et al. (2014) also found no difference between groups (30). These
inconsistent findings could be due in part to differences in study
populations, including age and baseline stunting severity. In the current
study and Lebenthal et al., baseline stunting was slightly more severe
(mean HAZ of —1.84 and — 2.04, respectively) compared to studies that
did not find an ONS effect on linear growth [baseline mean HAZ in
these studies: —1.66 (29), — 1.4 (27), and—0.6 (30)]. Nevertheless,
Alarcon et al. included children with milder or comparable baseline
stunting [baseline HAP: 19.2 (z-score approximate: —0.88)] but also
demonstrated improved height gain in the ONS group from day 60.
Notably, Alarcon et al. used the highest ONS dosage (providing an
average of 540kcal per day) among these six ONS studies. In contrast,
the two other 90-day studies which prescribed lower dosages (between
224 and 448kcal per day) found no differences between groups at day
90 (27, 29). Both the current study and Lebenthal et al. also found
positive correlations between ONS consumption volume and HAZ gain,
supporting that ONS dosage may be an important factor in height gain.
Other intervention-related factors, such as duration and the specific
ONS formulation might also contribute to these mixed findings.
Lebenthal et al. prescribed a relatively lower ONS dose (providing
354kcal per day) but for a longer duration of 6 months and found better
height gain in the compliant ONS subgroup. Both Sheng et al. and the
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current study used a 120-day intervention period (providing 400kcal
and 450kcal per day, respectively), with only the latter showing that the
ONS group had improved height gain. As these studies utilized different
ONS formulations, the specific ONS composition and nutrients
included to support growth, such as arginine and CPP that were
included in the current study formula, may also contribute to varying
effects of ONS on linear growth.

Physical activity is an important child health outcome as it
mediates behavioral and brain development (64). Undernutrition is
associated with decreased physical activity, which in turn decreases a
child’s exploration of the environment and interaction with caregivers,
adversely affecting behavioral and brain development (64). In our
study, VAS ratings of both the child’s physical activity and energy
(worded as “child’s energy/activity level, as indicated by being alert,
curious and eager to explore and learn”) improved, indicating that
physical activity and energy, including exploratory interest, increased
in the ONS+ DC group. Previous trials of nutritional supplementation
in undernourished children have shown mixed results in terms of
improving physical activity and exploratory behavior (65-67). In this
study, the provision of both energy and a complete blend of macro-
and micronutrients including iron and zinc might have contributed to
the increased activity and energy levels observed (67). Iron and zinc
have also been found to be involved in appetite regulation, and their
supplementation has resulted in improved appetite in young children
with evidence of growth faltering in previous studies (27, 31, 68). The
prevalence of zinc deficiency in Vietnam is high—estimated to be 51.9
and 12.9% for zinc- and iron-deficiencies, respectively, among
children aged 6-75months in 2009 (69); and 41.4 and 2.4%,
respectively, among children aged 6-9years in 2016 (70). In
undernourished children, such as in the current study population,
prevalence of deficiencies is likely to be higher. 2 servings of ONS in
this study contributed to 60 and 110% of daily zinc and iron RNI
respectively, thus could explain the increase in appetite, physical
activity and energy ratings of the ONS+DC group.

Prior research on sleep and nutritional status in young children has
focused primarily on the associations of shorter sleep duration with
higher risks of overweight and obesity (71, 72). Sleep duration and
linear growth has been studied less frequently and with mixed results.
Longer sleep duration in infants and children <2 years have been found
to predict or precede greater linear growth in two studies (73, 74) but
not in another study (75). In cross-sectional studies, anemia and
stunting were associated with reduced sleep duration and increased
night awakening, and serum ferritin levels and anemia were associated
with different sleep patterns in children (76). To the best of our
knowledge, this is the first study to investigate the association between
correction of undernutrition and benefits to sleep duration and quality.
Interestingly, these results show that the duration of night awakening,
length of night sleep, and overall sleep quality were improved with fewer
night awakenings during the study period in the ONS + DC group. This
might be due to: (1) provision of micronutrients in ONS including
Vitamin D, iron, magnesium, and zinc (77-80), which are associated
with improved sleep duration and sleep quality; (2) increased intake of
protein, specifically tryptophan, which is known to play a key role in
sleep regulation (81); and (3) the increase in physical activity, which is
associated with improved sleep quality (82). Sleep is a highly dynamic
developmental process that evolves rapidly during the first few years of
life and plays a key role in cognition and physical growth, which
reciprocally impact one another (83), and thus should be further
investigated in future research.
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Undernutrition in early life also has a significant adverse impact on
cognitive neurodevelopment (84). Encouragingly, evidence shows that
among stunted children, cognitive and neurodevelopmental deficits can
potentially be recovered before 8years, particularly in those whose
nutritional status has improved (84). In our study, the scores for
attentional focusing were improved for participants in the ONS+DC
group. Two meta-analyses have identified benefits for ONS on cognition
in children at risk of undernutrition in low and middle-income
countries. Notably, ONS containing multiple micronutrients were found
to have the largest positive effect on cognition in both studies (26, 85).
As multiple nutritional deficiency or insufficiency is relatively common
in developing countries, it was suggested that the provision of multiple
nutrients is more likely to bridge the gap and prepare the optimal
foundation for rapid brain development in early childhood (26).

Finally, in our study, AEs reported were typical in nature for the
population, such as respiratory infection, fever, cough and runny nose.
The majority of AEs were mild (93%) and deemed not related or
probably not related to the study product (97%), with no significant
differences in incidence between the ONS+DC and DC-only groups.
AEs commonly associated with gastrointestinal tolerance (i.e.,
constipation, diarrhea, and vomiting) were infrequently reported and
not significantly different between the study groups. Overall, these
findings support the safety and tolerance of the study ONS intervention
(i.e., ONS+DC). The rates of GI tolerance AEs reported in the current
study were comparable in type and incidence to those found in other
studies investigating ONS in undernourished children (86, 87).

4.1 Study strengths and limitations

Several strengths are of note. The study design was strong as a
randomized study with a control group provided with usual DC care.
Although an open-label study, investigators providing DC were
blinded, clinicians/nurses who performed study outcome assessments
were also blinded wherever possible, and ONS identity or details was
not disclosed to participants to reduce study bias. The control group
was allowed to continue consuming habitual milk, including cow’s
milk, fortified beverages or formula milk as long as the formula did not
meet the definition of ONS, defined in this study as a formula providing
1 keal of energy per mL and providing a wide range of macro- and
micronutrients. The 120 days duration to assess linear growth, and the
inclusion of body composition indices provided opportunities to assess
quality growth beyond weight gain. This study also had a high rate of
compliance and a low number of participants lost to follow-up. Child
health outcomes that have been less frequently studied were also
included in this study, such as sleep, attentional focusing, and physical
activity, providing important new information on the potential benefits
of correcting child undernutrition (88).

This study has limitations. First, the study population was
heterogeneous in terms of undernutrition severity (ranging from mild
to severe) and forms of undernutrition. In terms of severity, our study
enrolled fewer children in the moderate-severe subgroups,
particularly with very few children who were moderately or severely
wasted. Our study hence has limited generalizability to these children.
Despite the heterogeneity in severity, interaction analyses do not
suggest that there is a difference in treatment effects between mild and
moderate-severe stunting and underweight subgroups. In terms of
heterogeneity in undernutrition form, 41.9% of children were stunted
and underweight but not wasted, and 58.1% had all three forms of
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undernutrition. We found significant interaction effects, revealing that
the ONS+DC increased WHZ more than DC-only group only in the
subgroup with baseline wasting. Second, we used parent-reported
tools to assess several exploratory outcomes, including physical
activity level, appetite level, energy, sleep behavior and the ECBQ/
CBQ for attentional focusing. Parent-reported outcomes can be more
prone to recall bias, particularly in an open-labeled trial, compared
with performance-based or objective assessments of these outcomes.
Nevertheless, these are exploratory outcomes and it is possible that the
improvement of growth and other health outcomes reflects the
improvement of overall health followed the correction of
undernutrition. These promising findings encourage further research
using gold-standard and/or objective assessment methods, such as
laboratory polysomnography for sleep research, performance-based
cognitive testing, and objective measurements using actigraphy and
activity trackers for sleep and physical activity assessment.

5 Conclusion

Our study showed consistent improvement of all anthropometric
indices with the ONS + DC strategy, indicating that ONS added to DC
promotes weight gain by day 30 and linear catch-up growth at day 120
when compared to DC alone encouraging habitual milk intake. The
addition of ONS to DC enhanced nutrient intake and appropriate
catch-up growth, and current findings indicate that correcting
undernutrition with ONS may improve other important child
outcomes such as physical activity, energy, sleep habits, appetite, and
attentional focusing which should be confirmed in future research.
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