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Continuation of oral
nutritional supplementation
supports continued growth in
nutritionally at-risk children
with picky eating behaviour:
A post-intervention,
observational follow-up study
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Abstract

Objectives: To evaluate the 120-day post-intervention growth trajectory of picky-eating chil-

dren aged 2 to 6 years who previously completed a 90-day, randomized, controlled trial of oral

nutritional supplementation (ONS) plus dietary counselling (DC) (SDC, n¼ 98) compared with

DC alone (n¼ 105).

Methods: A total of 203 children were included. Children were free to consume ONS during

follow-up. Information on ONS consumption was collected. Weight-for-age percentile (WAP)

and height-for-age percentile (HAP) were measured at Day 90 (beginning) and Day 210

(end point).
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Results: Despite continued weight gain, there was a significant decline in WAP in both groups

during the post-intervention period. However, children who took ONS voluntarily had a smaller

loss in WAP compared with those who did not. Children in the SDC group showed no difference

in a decline in HAP between those who took ONS during follow-up and those who did not.

However, children in the DC group showed a marginally larger decline in HAP in those who did

not take ONS during the follow-up compared with those who did.

Conclusions: Continued parental self-administration of ONS to their children slows down

the loss of growth percentiles, supporting continued weight gain in picky-eating children at

nutritional risk.
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Introduction

Picky eating behaviour is a relatively

common problem during childhood with

a prevalence of 8% to 50% in different

published studies.1,2 There is inconsistent

evidence on the association between picky

eating and weight status due to variations in

the definition of picky eating. However, a

systematic review showed that severe or

persistent picky eating in children is associ-

ated with increased odds of underweight.3

Additionally, a recent longitudinal study

showed that picky eaters were more likely

to be underweight and less likely to be over-

weight.4 Picky eaters may also become

locked in a cycle of recurring illness and

faltering growth, with a negative effect

on their long-term growth and cognitive

abilities.5,6 Therefore, the long-term aim of

interventions for children with picky eating

behaviour who are at nutritional risk is

to improve eating patterns and support

appropriate growth, especially in children

with slow and poor growth.7,8

Evidence suggests that even mild under-
nutrition defined as a z-score ��2 and
<�1 also increases the risk of child mortal-
ity from respiratory tract infections.9

Additionally, there is a linear association
between growth and cognitive performance,
even in the mild form of growth faltering.10

Therefore, a preventive approach with early
intervention in children with mild growth
deficits may help children achieve their
growth potential. We recently conducted
a 90-day, prospective, randomized, con-
trolled trial to investigate a preventive
approach of intervention in children aged
24 to 72 months who were mildly under-
weight, defined as a weight-for-age percen-
tile (WAP) between the 3rd and 15th
percentiles (World Health Organization
[WHO] Child Growth Standards) at enrol-
ment. These children had picky eating
behaviour with acute upper respiratory
tract infections. We found that children
who received oral nutritional supplementa-
tion (ONS) along with dietary counselling
had a significantly higher weight gain and
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lower incidence of upper respiratory tract
infections compared with children who
received dietary counselling alone.11

Although provision of ONS is effective in
promoting catch-up growth in children at
nutritional risk, limited research has moni-
tored the sustainability of growth and energy
intake on nutritionally at-risk children with
picky eating behaviour and post-nutrition
intervention. Therefore, we conducted this
observational, follow-up study for 120 days
post-completion of a 90-day, prospective,
randomized, controlled trial. This study
aimed to evaluate the growth trajectory
(WAP, height-for-age percentile [HAP],
and body mass index [BMI]-for-age) and
energy intake of children with picky eating
behaviour after nutritional intervention
using ONS and dietary counselling were dis-
continued. We hypothesize that there are
sustainable effects of ONS supplementation
on growth in children at nutritional risk
after nutritional intervention. Additionally,
we also hypothesize that children who con-
tinue or start to consume ONS during this
follow-up period will have better growth
maintenance.

Methods

Study design and participants

This study was a prospective, observational
follow-up study with no treatments provided
to the subjects. Subjects who had successful-
ly completed the ONS study without signif-
icant adverse safety events and without
major deviation to the protocol were asked
to participate in this follow-up study to
assess the growth parameters for an addi-
tional 4 months. The primary objective
was to assess the growth of these preschool
children for an additional 4 months (from
Day 90 to day 210) after completion of the
ONS study. The secondary objectives were
to assess energy consumption and appetite in
these preschool children.

Briefly, the original ONS study was a

prospective, multicentre, open-label study,

which was conducted in Indian children

who were defined as picky eaters. These

children were aged between 2 and 6 years

old, they presented with acute upper respi-

ratory tract infection, and had WAP

between the 3rd and 15th percentiles as

per WHO growth charts. Picky eating was

defined as having at least two of the follow-

ing: 1) eating only a limited number of

foods; 2) being unwilling to try new foods;

3) refusing to eat vegetables and/or foods

from other food groups; 4) showing strong

food likes and dislikes; and 5) displaying

behaviour that disrupted mealtime.1,12 The

intervention and post-intervention studies

were conducted at the Paediatric Outpatient

Department from six clinics and hospitals

across India. The original study design

is shown in Figure 1. Eligible children were

randomized to receive either ONS (Pediasure,

Abbott Healthcare Private Limited, Mumbai,

India) and dietary counselling (SDC group)

or dietary counselling alone (DC group). The

dose of ONS for children aged between 24

and 48 months was a minimum of one serv-

ing (224 mL per serving) of ONS per day, and

that for children aged between 49 and 72

months of age, a minimum of two servings

(224 mL per serving) per day for 90 days. One

serving (224 mL) of study product provided

224 kcal of energy, 6.42 g of protein, 22.9 g of

carbohydrates, and 10.7 g of fat. Dietary

counselling provided to both groups was con-

ducted by six dietitians who were trained

in the standardized protocol for conducting

dietary counselling. Parents were advised on

the selection of appropriate food groups in

food preparation and the importance of

meal frequency, including three main meals

and two to four snacks, to meet the child’s

nutritional requirements. Parents of children

in the intervention group were instructed to

provide the ONS during snack time between

main meals.
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Study groups

In this follow-up observational study (Day
90 to Day 210), all of the subjects who
were previously assigned to either the
SDC or DC group did not receive any
type of intervention. They were followed-
up in a real-life scenario (no dietary
counselling or nutritional supplementation
was provided) for an additional 4 months.
However, subjects were free to consume
ONS or health drinks at their own prefer-
ence during the follow-up period. In a

follow-up visit at Day 210, parents or care-
givers were asked to report the consump-
tion patterns of any ONS and health
drinks over the 120-day post-intervention
period, including the brand name, the fre-
quency, and the average amount consumed
each time. Subjects were considered to have
consumed ONS if they were reported to
consume any ONS or other health drinks
with micronutrient fortification. Regular
milk, such as cow’s milk, is low in a
number of essential nutrients for growth
and development, including B vitamins,

Assessed for eligibility (n=281) 

Randomised (n=255) 

Intervention arm 
SDC (n=127) 

Control arm 
DC (n=128) 

Original trial 

Completed study 

SDC (n=119) DC (n=123) 

Drop outs (n=8) 

2 lost to follow-up 
5 exited due to AE 

1 did not meet eligibility criteria 

Drop outs (n=5) 

3 lost to follow-up 
2 exited due to reasons 

other than AE 

Follow-up study 

SDC (n=98) DC (n=105) 

3 missed visit window 
18 did not meet inclusion criteria 

6 missed visit window 
12 did not meet inclusion criteria 

SDC-ONS 
(n=64) 

SDC-No ONS 
(n=34) 

DC-No ONS 
(n=58) 

DC-ONS 
(n=47) 

Figure 1. Flow of participants from the original trial to the current follow-up
Abbreviations: SDC, oral nutritional supplementation and dietary counselling; DC, dietary counselling alone;
ONS, oral nutritional supplementation, AE, adverse event.
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vitamin C, and choline.13 Cow’s milk is also
associated with iron deficiency anaemia.
Therefore, cow’s milk was excluded from
ONS classification. On the basis of whether
subjects consumed ONS (any form of forti-
fied milk supplement of any dose) during
the 4 months, they were divided into four
subgroups as follows: subjects in the previ-
ous SDC group who took any form of ONS
voluntarily (SDC-ONS); subjects in the pre-
vious SDC group who did not take any
ONS during the next 4 months (SDC No-
ONS); subjects in the previous DC group
who took any form of ONS voluntarily
(DC-ONS); and subjects in the previous
DC group who did not take any ONS
during the next 4 months (DC No-ONS).
Growth measurements and energy con-
sumption were collected at the beginning
and end point of this follow-up study at
Day 90 and Day 210. The SDC-ONS and
DC-ONS subgroups were further divided
into four sub-subgroups to evaluate the
association between different compliance
levels, such as full compliance versus partial
compliance, and growth. These four sub-
subgroups included the following: SDC-
ONS-Full compliance subjects in the previ-
ous SDC group who took any form of ONS
voluntarily at a similar amount as in the
intervention period (SDC-ONS-Full com-
pliance); subjects in the previous SDC
group who took any form of ONS volun-
tarily at a lower dose compared with that
consumed in the intervention period (SDC-
ONS-Partial compliance); subjects in the
previous DC group who took any form of
ONS voluntarily at the recommended dose
on the product label for each brand (DC-
ONS-Full compliance); and subjects in the
previous DC group who took any form of
ONS voluntarily below the recommended
dose on the product label for each brand
(DC-ONS-Partial compliance). Subdivision
of subgroups leads to a smaller number of
subjects in each sub-subgroup, which may
result in a decrease in statistical power in

data analysis. Therefore, the four subgroups,

including SDC-ONS, SDC No-ONS, DC-

ONS, and DC No-ONS, were used in most

of the analyses to reduce complexity. The

sub-subgroups are presented using figures.

Ethics

The study was performed in accordance with

the ethical principles that had their origin in

the Declaration of Helsinki in 1995 (as

revised in Edinburgh 2000). The study was

approved by the Institutional Review Board

or Independent Ethics Committee, depend-

ing on study site requirements. Written

informed consent was obtained from each

child’s parent or legal guardian. This study

was registered with Clinical Trial Registry

India (ctri.nic.in) and clinicaltrials.gov with

the registration numbers CTRI/2014/07/

004717 and NCT02056275, respectively.

Anthropometric assessment

Anthropometric measurements were per-

formed by trained research staff using

standardized methods. Body weight was

measured with light clothes and shoes

and jackets removed using an electronic

weighing scale after calibrating the scale to

zero (Wensar Aliston; Sanjay Scientific

Company, Ghatkopar West, Mumbai,

India) and recording the weight to the near-

est 0.1 kg. Height was measured without

shoes or hat using a stadiometer (Prestige

Stadiometer; Sanjay Scientific Company)

and it was recorded to the nearest 0.1 cm.

Weight and height measurements were per-

formed twice. A third measurement was

required if the difference between the first

two measurements exceeded the defined

limits (>100 g for weight and 0.4 cm

for length). BMI (kg/m2) was calculated

using measured weight and height. The

anthropometric measurements were used

to calculate weight-for-age, height-for-age,
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and BMI-for-age based on WHO Child
Growth Standards.

Dietary assessment

Dietary intake was collected using a single
24-hour food recall conducted by trained
dieticians at each study site at baseline,
Day 90, and the end of the study (Day
210). A list of the most commonly consumed
foods and drinks for this child population of
the three main meals (breakfast, lunch and
dinner) and snacks had been compiled
taking into account the energy and macro-
nutrient values of different serving sizes
based on the Indian food composition
tables published by the National Institute
of Nutrition.14 Energy and macronutrient
consumption was then calculated for each
child at each study visit.

Appetite assessment

Parents were asked to score the child’s
appetite over the last 24 hours using the
Visual Analogue Scale of 0 to 10. In this
scale, 0 is the lowest score indicating a
very poor appetite and 10 is considered a
very good appetite.

Statistical analyses

Categorical variables were analysed using
the chi-square or Fisher’s exact test.
All continuous variables were checked for
normality using the Shapiro–Wilk test, histo-
grams, and normal probability plots, and
were determined as non-normal if found sig-
nificant (P< 0.001). For comparison between
groups, the changes from baseline during the
intervention and post-intervention periods
were analysed using analysis of variance or
the two-sample, two-sided Wilcoxon rank-
sum test (if the data were non-normal).
For testing changes within the SDC and
DC groups, the one-sample paired t-test (or
signed-rank test if data were not normal) was
used. All hypothesis testing, except for the

tests for interaction and normality, was per-
formed using two-sided, 0.05 level tests. Tests

for interactions and normality were per-
formed using two-sided 0.10, and 0.001
level tests, respectively. All statistical analyses

were performed using SAS release 9.3 (SAS
Institute Inc., Cary, NC).

Results

Subjects

Of 255 screened subjects, 242 completed the

original ONS study and 203 participated in
this follow-up study (response rate of
79.6%) (Figure 1). The baseline character-

istics of the subjects at Day 90 are shown in
Table 1. The mean ages of the SDC and DC
groups at follow-up were 3.9 and 4.0 years,

respectively. In each group, approximately
two-thirds of the subjects were boys. The

two groups did not differ in age, sex distri-
bution, and weight. However, children in
the DC group were significantly taller

(P¼ 0.014) with a higher HAP (P¼ 0.003),
and they had a lower WAP (P< 0.001),

lower BMI (P< 0.001), and lower BMI-
for-age percentile (P< 0.001) than did
the SDC group. Comparison of baseline

characteristics between the subjects who
participated in this follow-up study and

those who were not enrolled (Figure 1)
showed no significant differences (data not
shown). There were no differences in vari-

ous growth parameters between the two
subgroups in each study group (SDC-ONS
vs. SDC No-ONS, and DC-ONS vs. DC

No-ONS) (Table 1).

ONS

During the 120-day follow-up period,
65.3% of children in the SDC group and
44.8% of children in the DC group were

reported to consume ONS. Approximately
50.0% of children in the SDC group and
14.3% of children in the DC group self-
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supplemented with the same ONS that was

given to the SDC group in the intervention

period. A total of 15.3% of children in the

SDC group and 30.5% of children in the

DC group self-supplemented with other

health drinks. The remainder of the chil-

dren (34.7% in the SDC group and 55.2%

in the DC group) did not consume any

ONS or other health drinks. The mean

� SD intake of ONS was 152.7� 39.7 mL

and 128.3� 38.5 mL in the SDC-ONS and

DC-ONS groups, respectively.

Energy intake

The SDC group had significantly higher

energy intake at baseline and Day 90

compared with the DC group (P< 0.05)

(Figure 2). However, this difference was
no longer significant at Day 210.

At Day 90, there was no significant dif-
ference in energy intake between the
SDC-ONS and SDC No-ONS subgroups
(Figure 3). At Day 210, the SDC-ONS sub-
group showed a significantly higher energy
intake (P< 0.001) compared with the SDC
No-ONS subgroup. We observed no differ-
ence in energy intake from Day 90 to Day
210 within the SDC-ONS subgroup, while
the SDC No-ONS subgroup showed a sig-
nificant decrease in energy intake over this
time (P< 0.001) (Table 2). These findings
indicated that the SDC-ONS subgroup
was able to maintain energy intake during
the post-intervention period compared with
the SDC No-ONS subgroup.

Figure 2. Mean energy intake between the SDC and DC groups
Error bars refer to SD. P values were obtained from the two-sample, two-sided Wilcoxon rank-sum
test. *P< 0.05.
Abbreviations: SDC, oral nutritional supplementation and dietary counselling; DC, dietary counselling alone.
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The DC-ONS and DC No-ONS sub-
groups had similar energy intakes at Day
90 (Figure 3). At Day 210, we observed a
significantly higher energy intake in the

DC-ONS subgroup compared with the

DC No-ONS subgroup (P¼ 0.005). This

finding resulted in a significant increase in

energy intake in the DC-ONS subgroup

from Day 90 to Day 210 (P< 0.001), while

the DC No-ONS subgroup showed a signif-

icant decrease in energy intake during the

same period (P¼ 0.025) (Table 2).

Appetite scores

The SDC group had a significantly higher

mean appetite score than did the DC group

at Day 90 (P¼ 0.024) (Table 3). This score

remained significantly higher in the SDC

group compared with the DC group at

Day 210 (p¼0.013). Subgroup analyses

showed that there were no significant differ-

ences in appetite scores between the SDC-

ONS and SDC No-ONS subgroups, as

well as between the DC-ONS and DC

No-ONS subgroups, at Day 90. However,

the SDC-ONS (P¼ 0.0006) and DC-ONS

(P< 0.0001) subgroups had significantly

higher appetite scores than did the SDC

No-ONS and DC No-ONS subgroups,

respectively, at Day 210 (Table 3).
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Figure 3. Mean energy intake between the SDC and DC subgroups
Error bars refer to SD. P values were obtained from the two-sample, two-sided Wilcoxon rank-sum
test. *P< 0.05.
Abbreviations: SDC, oral nutritional supplementation and dietary counselling; DC, dietary counselling alone;
ONS, oral nutritional supplementation.

Table 2. Change in energy intake from Day 90 to
Day 210.

Study group

Change in

energy intake

(kcal) P value

SDC �84 (293) 0.006

SDC-ONS 5 (257) 0.406a

SDC No-ONS �252 (285) <0.001

DC 26 (260) 0.305

DC-ONS 140 (264) <0.001

DC No-ONS �66 (218) 0.025

Data are presented as mean (SD).
aThe P value was obtained from the Wilcoxon rank-sum

test. All other P values were obtained using the paired

t-test.

Abbreviations: DC: dietary counselling alone; SDC: sub-

jects received ONS and DC during the 90-day interven-

tion period; SDC-ONS: subjects were previously

supplemented and took ONS voluntarily during the next 4

months; SDC No-ONS: subjects were previously supple-

mented and did not take any ONS during the next 4

months; DC-ONS: subjects previously received DC and

took any form of ONS voluntarily during the next 4

months; DC No-ONS: subjects previously received DC,

but did not take any ONS during the next 4 months.
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Table 3. Mean appetite score by study groups.

Day 1 Day 90 Day 210

SDC 3.2 (1.2) 5.7 (1.2) 5.7 (1.3)

SDC-ONS 3.2 (1.2) 5.8 (1.25) 5.9 (0.2)

SDC No-ONS 3.1 (1.1) 5.6 (1.27) 5.0 (0.2)

P value (SDC-ONS vs. SDC No-ONS) 1.00a 0.412a 0.0006b

DC 3.1 (1.2) 5.5 (1.4) 5.4 (1.4)

DC-ONS 3.2 (1.1) 5.0 (1.48) 5.7 (0.2)

DC No-ONS 3.0 (1.3) 5.5 (1.50) 4.7 (0.2)

P value (DC-ONS vs. DC No-ONS) 1.00a 0.238a <0.0001b

P value (SDC vs. DC) 0.790a 0.024a 0.013b

Data are presented as mean (SD).
aP values were obtained from from two-sample, two-sided Wilcoxon rank-sum test.
bP values were obtained from analysis of variance adjusting for centre and subgroup.

Abbreviations: DC: dietary counselling alone; SDC: subjects received ONS and DC during the 90-

day intervention period; SDC-ONS: subjects were previously supplemented and took ONS vol-

untarily during the next 4 months; SDC No-ONS: subjects were previously supplemented and did

not take any ONS during the next 4 months; DC-ONS: subjects previously received DC and took

any form of ONS voluntarily during the next 4 months; DC No-ONS: subjects previously received

DC, but did not take any ONS during the next 4 months.

Figure 4. Mean change in weight-for-age percentile from baseline
P values were obtained from the two-sample, two-sided Wilcoxon rank-sum test.
Abbreviations: SDC, oral nutritional supplementation and dietary counselling; DC, dietary counselling alone;
ONS, oral nutritional supplementation.
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WAP and rate of weight change

The SDC group gained significantly more

WAP (5.60� 7.15 percentile) than did the

DC group (1.10� 2.99 percentile) from

Day 1 to Day 90 (P< 0.001) (Figure 4).

When interventions were ceased, both

groups showed losses in WAP from Day

90 to Day 210, but this difference was not

significant between the groups. During the

entire 210-day study period, the SDC group

showed a mean increase of 4.19� 8.21 per-

centiles in WAP compared with the DC

group, which showed a decrease of 0.49

� 3.27 percentiles (P< 0.001). Despite the

loss of WAP from Day 90 to Day 210,

both groups continued to gain weight,

although there was no significant difference

in the change in weight between the groups

(Table 4).
The SDC-ONS and SDC No-ONS sub-

group together with the DC-ONS and DC

No-ONS subgroups showed a decline in the

mean change in WAP from Day 90 to Day

210 (Figure 4). However, the supplemented

subgroups (SDC-ONS and DC-ONS)

showed a significantly slower decline than

did the non-supplemented subgroups (SDC
No-ONS and DC No-ONS) (P< 0.001).
When we divided the subgroups by compli-
ance level, the SDC-ONS-Full compliance
sub-subgroup showed a significantly greater
increase in the mean change in WAP from
Day 90 to day 210 than did the SDC-ONS-
Partial compliance sub-subgroup (P¼ 0.002)
(Figure 4). Within-group comparison
showed that WAP was not significantly
increased from Day 90 to Day 210 in the
SDC-ONS-Full compliance sub-subgroup.
However, the SDC-ONS-Partial compliance
sub-subgroup showed a significant loss in
the mean change in WAP from Day 90 to
Day 210 (P< 0.0001). This finding suggests
that the SDC-ONS-Full compliance sub-
subgroup maintained the growth gained in
the 90-day intervention period. There was
no significant difference in growth between
the two DC-ONS sub-subgroups (data
not shown). From Day 0 to Day 210, the
SDC No-ONS subgroup had a significantly
greater net increase in the mean change
in WAP than did the DC No-ONS
(P¼ 0.001). This finding suggested that
provision of ONS and dietary counselling

Table 4. Rate of weight and height gain between groups and subgroups.

Weight (kg) Height (cm)

Period Days 1–90 Days 90–210 Days 1–90 Days 90–210

SDC 0.90 (0.51) 0.40 (0.35) 1.29 (1.43) 0.69 (0.84)

SDC-ONS (n¼ 64) 0.92 (0.53) 0.52 (0.37) 1.52 (1.59) 0.57 (0.55)

SDC No-ONS (n¼ 34) 0.87 (0.46) 0.17 (0.11) 0.86 (0.94) 0.57 (0.55)

P value (SDC-ONS vs. SDC No-ONS) 0.681 <0.001 0.08 0.3

DC 0.51 (0.28) 0.34 (0.29) 0.96 (1.17) 0.58 (0.69)

DC-ONS (n¼ 47) 0.46 (0.23) 0.49 (0.31) 0.82 (0.96) 0.81 (0.80)

DC No-ONS (n¼ 58) 0.56 (0.31) 0.22 (0.21) 1.27 (1.56) 0.39 (0.51)

P value (DC-ONS vs. DC No-ONS) 0.347 <0.001 0.461 <0.001

P value (SDC vs. DC) <0.001 0.269 0.076 0.065

Data are presented as mean (SD).

P values were obtained from the two-sample, two-sided Wilcoxon rank-sum test.

Abbreviations: DC: dietary counselling alone; SDC: subjects received ONS and DC during the 90-day intervention period;

SDC-ONS: subjects were previously supplemented and took ONS voluntarily during the next 4 months; SDC No-ONS:

subjects were previously supplemented and did not take any ONS during the next 4 months; DC-ONS: subjects previously

received DC and took any form of ONS voluntarily during the next 4 months; DC No-ONS: subjects previously received

DC, but did not take any ONS during the next 4 months.
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helped sustain growth better than did only
dietary counselling.

From Day 90 to Day 210, we observed
significant increases in weight for all groups
and subgroups, despite a decline in
WAP, as mentioned above (Table 4).
The post-intervention supplemented sub-
groups (SDC-ONS and DC-ONS) showed
marked weight gain compared with
the non-supplemented subgroups (SDC
No-ONS and DC No-ONS) (P< 0.001).
Despite the observed weight gain
among the groups and subgroups, except
for the sub-subgroup SDC-ON-Full com-
pliance in which weight gain resulted in an
increase in the mean change in WAP (data
not shown), weight gain was likely to have
been slower than that of the standard
growth trajectory of the reference popula-
tion. This could have led to the overall
decline in WAP.

HAP and rate of height change

During the intervention phase, both groups

showed a loss in HAP. The DC group

showed a significantly larger loss in HAP

than did the SDC group from Day 1 to

Day 90 (P< 0.001) (Figure 5). Despite the

loss in HAP, there tended to be a gain in

height in the SDC and DC groups, but

there was no significant difference between

the groups (P¼ 0.076) (Table 4). This find-

ing suggested that, similar to WAP

described above, the increase in height was

insufficient to meet the growth trajectory of

the reference population, which resulted in

a decline in HAP.
From Day 90 to Day 210 of the post-

intervention phase, there was no significant

difference in the mean change in HAP

between the SDC-ONS and SDC No-ONS

subgroups (Figure 5). There was also no

Figure 5. Mean change in height-for-age percentile from baseline
P values were obtained from the two-sample, two-sided Wilcoxon rank-sum test.
Abbreviations: SDC, oral nutrition supplementation and dietary counselling; DC, dietary counselling alone;
ONS, oral nutritional supplementation.
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significant difference in the mean change in
HAP between the SDC-ONS-Partial com-
pliance and SDC-ONS-Full compliance
sub-subgroups. Despite gaining height
(Table 4), there was no significant differ-
ence in height gain from Day 90 to Day
210 between the SDC-ONS and SDC No-
ONS subgroups. The DC-ONS subgroup
had a marginally smaller decline in HAP
compared with the DC No-ONS subgroup
from Day 90 to Day 210 (Figure 5)
(P¼ 0.052). This finding could have been
due to the observation that the DC-ONS
subgroup showed a greater height gain
compared with the DC No-ONS subgroup
(P< 0.001) (Table 4).

BMI-for-age percentile

During the intervention phase, the SDC
group had a significantly larger increase in
the BMI-for-age percentile than did the DC
group from Day 1 to Day 90 (P< 0.001).
During the post-intervention phase, the
SDC and DC groups showed a significant
increase in the BMI-for-age percentile
(P< 0.0001), with a similar rate of change
in each group (data not shown). However,
subgroup analysis showed that the SDC-
ONS subgroup had a significantly larger
improvement in the BMI-for-age percentile
compared with the SDC No-ONS subgroup
from Day 90 to Day 210 (P< 0.001).
Similarly, the DC-ONS subgroup had a
significantly larger improvement in the
BMI-for-age percentile compared with the
DC No-ONS subgroup from Day 90 to
Day 210 (P <0.01).

Discussion

This was a prospective, observational
follow-up study that assessed the growth
trajectory of preschool children with picky
eating behaviour for an additional 4
months after discontinuation of nutritional
intervention using dietary counselling with

or without ONS. We found that the SDC
and DC groups had a significant decline in
the growth percentile. However, children
who consumed ONS in accordance with
their parents’ practice during the post-
intervention period had less loss of the
growth percentile compared with children
who did not. This finding suggested that
continuation of ONS helped maintain
improved growth achieved from the inter-
vention period.

Malnutrition of children aged under 5
years is a major public health problem in
India.19,20 Malnutrition affects children at
the most crucial time of growth and devel-
opment, which can lead to impairment
ranging from physical to cognitive growth
and susceptibility to infection.19 In nutri-
tionally at-risk children with picky eating
behaviour, meeting daily nutrient intake
recommendations may be challenging.21

Some studies have examined the possible
effect of picky eating on growth. These
studies reported that preschoolers with
picky eating behaviour were more likely to
be underweight.22–25 Underweight is an
important risk factor for poor cognitive
development, learning disabilities, long-
term behavioural problems, increased prev-
alence and severity of infection, and high
mortality rates.26,27 However, some studies
have also showed no significant association
between picky eating behaviour and the
child’s growth.1,12 Some factors that can
explain this inconsistency among studies
include different methods of calculating
underweight status, such as using different
growth references and cutoffs for defining
underweight, a lack of homogeneity in
age in the study populations, and using
different criteria for classifying picky
eating behaviour.

Several studies have evaluated the bene-
ficial effect of ONS on catch-up growth in
children at nutritional risk.6,15–17 One ran-
domized, controlled intervention trial was
conducted in preschool aged children with
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evidence of suboptimal growth (weight-for-
height below the 25th percentile) and picky
eating behaviour. This trial showed greater
increases in growth parameters in children
who received ONS plus dietary counselling
compared with those who received only
dietary counselling.6 Another recent study
demonstrated that ONS with dietary
counselling improved nutrient adequacy in
young Chinese children with picky eating
behaviour and with weight-for-height
below the 25th percentile.16 In a 48-week
nutritional intervention study, provision of
ONS combined with dietary counselling
promoted catch-up growth in weight and
improved linear growth during the growth
maintenance phase.18 This helped to sustain
proportional growth in children at nutri-
tional risk.

In the original intervention study, we
found that nutritional intervention combining
ONS and dietary counselling for 90 days was
effective in improving energy intake and
weight in picky-eating children who were at
nutritional risk and presented with acute
upper respiratory tract infection. During the
follow-up period (Day 90 to Day 210) where
all interventions were discontinued, self-
provision of ONS increased total energy
intake, whereas discontinued use of ONS
decreased energy intake. The parents of the
subjects reported better appetite following
self-consumption of ONS, as reflected by
higher appetite scores at Day 210 compared
with Day 90. This finding is similar to a
recent study that reported increased appetite
scores following long-term supplementation
in children at nutritional risk.18 Adequate
intake of certain micronutrients, such as
zinc and iron as a result of supplementation,
may positively influence the child’s appetite.
These micronutrients have been shown to be
involved in appetite regulation28,29 and
improvement in appetite in young children
who have evidence of growth faltering.30,31

With regard to growth parameters, in the
original study, the SDC treatment group

had significantly greater weight gain over
the study period (Day 1 to Day 90) com-
pared with the DC control group. However,
during the follow-up phase from Day 90 to
Day 210, we observed a significant decline
in WAP, despite continued weight gain.
Subgroup analyses showed that continued
provision of ONS at similar doses as in
the intervention period helped maintain
the improved growth achieved during the
intervention period. Additionally, continu-
ation of smaller volumes of ONS after ces-
sation of treatment slowed down the loss in
WAP in the self-supplemented subgroups
(SDC-ONS and DC-ONS) compared with
the non-supplemented subgroups (SDC
No-ONS and DC No-ONS). This finding
is consistent with previous studies, which
showed that continuous use of ONS after
the catch-up growth phase helps maintain
growth.18,32 Additionally, these studies also
demonstrated that long-term use of ONS was
not associated with an increased risk of over-
weight and obesity in children at nutritional
risk.18,32 These results suggest that for
growth maintenance in picky-eating children
at nutritional risk, supplementation with
ONS is effective in maintaining or slowing
down the trend for loss of growth and
helps support continued weight gain.

The SDC and DC groups showed a
decline in HAP from the onset of the
study, but this decline was significantly
slower in the SDC group compared with
the DC group during the intervention
phase from Day 1 to Day 90. Despite self-
supplementation from Day 90 to Day 210,
there was no significant difference in the
rate of HAP decline between the SDC-
ONS and SDC No-ONS subgroups,
although there was a marginally larger
decline in the DC No-ONS subgroup com-
pared with the DC-ONS subgroup. The
decline in HAP observed throughout the
study groups and subgroups occurred
despite an increase in height from Day 1
to Day 210. This lack of improvement in
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HAP may be attributed to the relatively
short study duration of supplementation
(Day 1 to Day 90), inconsistent self-
provision of ONS during the follow-up
phase (Day 90 to Day 210), and lower vol-
umes of ONS consumed. These factors
could be reasons why we did not observe
an improvement in HAP, especially
among the supplemented group.

Collectively, the growth parameters
showed that subjects in the SDC and DC
groups showed loss in WAP and HAP
during the extension phase from Day 90
to Day 210. However, subjects who con-
sumed ONS of any form during the exten-
sion phase had significantly smaller WAP
losses than did those who did not consume
ONS, regardless of their previously
assigned treatment groups. Furthermore,
those who self-supplemented from Day 90
to Day 210 had a greater increase in weight
change, and, to a lesser extent, height gain.
These findings suggest that continuation of
ONS may be needed for continued growth
maintenance for children at nutritional risk.

Interestingly, subjects in the SDC and
DC groups had an increase in the BMI-
for-age percentile during the extension
phase, with a similar rate of change within
the groups. However, this increase may
have been due to disproportional loss of
WAP and HAP, or the children gained
weight faster than their change in height.

In this study, approximately 50% of chil-
dren in the SDC group and 14% of those in
the DC group consumed the same ONS,
which was provided in the intervention
period. This finding indicated that the
majority of children self-supplemented
with the same ONS, at least in the SDC
group, after the initial intervention phase.
Nonetheless, the mean volume of approxi-
mately 130 mL (other health drinks) to 150
mL (the same ONS) was less than the dose
that children received during the interven-
tion phase (224–448 mL). Therefore, the
nutrient content of self-supplemented ONS

(the same ONS or other health drinks) may
have been lower than that administered in
the intervention phase.

The strengths of this study include its pro-
spective design in which children who had
undergone different treatments were moni-
tored for an additional 4 months under
free-living conditions. This reflects the real-
life situation of whether provision of ONS
can be sustained. Children with picky eating
behaviour are also rarely studied in Asian
countries. Our study provided important
data on continued growth and energy
intake of nutritionally at-risk children after
cessation of treatment. Children’s height and
weight were objectively measured and WHO
percentiles were used for comparison
between treatment groups.

The present study has some limitations.
Although 24-hour dietary recalls are recog-
nized as one of the most appropriate meth-
ods to estimate dietary intake, including
macronutrients, there might be recall bias
and under-reporting of food intakes.33

Additionally, the use of a single 24-hour
recall imparts limitations on sufficient char-
acterization of a patient’s usual intake as a
result of day-to-day variation. Nonetheless,
the 24-hour recall procedure is appropriate
for studying energy and nutrient intake in
children in large samples and is used in
nutrition surveys in several countries.22,34

This recall procedure is also considered rea-
sonably accurate for providing group mean
estimates of children intakes. Similarly, the
information on ONS consumption patterns
over the post-intervention period was col-
lected using parental reporting, which was
subject to possible recall bias. However, we
observed an increase in energy intake in
accordance with an increase in body
weight in the two subgroups who consumed
ONS. Therefore, the 24-hour recall method
appears to have provided a reasonable mea-
sure of energy intake in this study. Another
limitation is the subjective parental assessment
of the child’s appetite level, which may be
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prone to bias, especially in children who

received ONS. Furthermore, there was a

lack of controlling of potential confounding

factors, which are known to be associated

with a child’s health, such as socioeconomic

status and parental education. Nearly two-

thirds of the child population in this study

were boys. Picky eating appears to affect

girls and boys equally, as shown in a cross-

sectional study of 200 Indian children younger

than 5 years old,35 as well as in other child

populations.1 Therefore, the generalizability

of the findings in this study may be limited

to settings with a similar sex distribution.

Conclusions

In conclusion, self-supplementation with

ONS after cessation of treatment increases

energy and macronutrient intake and slows

down the loss of the growth percentile

during the post-intervention period in nutri-

tionally at-risk children with picky eating

behaviour. Additionally, continuation of

ONS at a similar dose as that in the inter-

vention period helps maintain growth in the

post-intervention period. Therefore, contin-

uation of ONS may be needed for growth

maintenance in children at nutritional risk

with picky eating behaviour.
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