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Abstract

Objective: To assess the effect of daily egg consumption for six months on linear
growth (primary outcome), weight-for-age, weight-for-length, mid-upper arm
circumference-for-age, head circumference-for-age Z-scores, gross motor
milestones development, anaemia and iron status (secondary outcomes) in a
low socioeconomic community.

Participants: Infants aged 6 to 9 months living in the peri-urban Jouberton area, in
the Matlosana Municipality, South Africa.

Design: A randomised controlled trial with a parallel design was implemented.
Eligible infants were randomly allocated to the intervention (7 250) receiving one
egg/day and the control group (7 250) receiving no intervention. The participants
were visited weekly to monitor morbidity and gross motor development, with
information on adherence collected for the intervention group. Trained assessors
took anthropometric measurements, and a blood sample was collected to assess
anaemia and iron status. There was blinding of the anthropometric assessors to the
groups during measurements and the statistician during the analysis.

Results: Baseline prevalence of stunting, underweight, wasting, overweight and
anaemia was 23-8%, 9-8%, 1:2%, 13-8% and 29-2 %, respectively, and did not
differ between groups. Overall, 230 and 216 participants in the intervention and
control groups completed the study, respectively. There was no intervention
effect on length-for-age, weight-for-age, weight-for-length Z-scores, gross motor
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Although the global prevalence of childhood stunting is
decreasing gradually, it continues to remain high in Asia
and sub-Saharan Africa®”. Being stunted in childhood is
associated with an increased risk of morbidity, impaired
motor and cognitive development, as well as inability to
attain their full developmental potential®. In addition, it
has been previously reported that iron deficiency anaemia
in infants and young children prevents them from attaining
their full developmental potential, as it increases the risk of
stunting and poor motor development outcomes during
childhood®. Stunting has been ascribed to recurrent
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infections, suboptimal care and poor nutrition of infants
and young children®. Research evidence has shown that
the complementary diets of children living in resource-
limited settings are deficient in vitamins and minerals, such
as iron, zingc, vitamin A and iodine, as well as high-quality
proteins necessary for optimal child growth, development
and general well-being®. It was within this context that the
international community recommended that animal-source
foods be added daily to complementary foods to make up
for the protein, vitamins and minerals that are lacking from
the usual complementary diets®.
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Chicken eggs (hereafter ‘egg’) have been identified as
easily accessible and relatively more affordable in com-
parison to other animal-source foods”®. Eggs are high in
nutrients to support growth and development, which may
be particularly important for vulnerable children living in
resource-limited settings®®. Recent studies have shown that
egg consumption during infancy and early childhood can
positively influence poor linear growth®!'®. However,
there is limited evidence to support the efficacy and
effectiveness of egg-related intervention on growth and
developmental outcomes of infants and young children
living in low- and middle-income countries, including
South Africa. There have also been differences in current
studies evaluating the effects of egg intake on the
nutritional status of infants and young children; some
studies reported positive outcomes'®'® and others did
not!1>_ For instance, in the study by Iannotti and
co-authors stunting was reduced by 47 % and underweight
by 74 % when children aged 6 to 9 months were provided
one egg per day for a period of six months"?. However,
in the study by Stewart and co-authors there was no effect
on stunting and underweight after a six months of egg
intervention?,

Against this background, the primary aim of the
present study was to investigate the efficacy of daily
egg consumption on length-for-age Z-score (LAZ)
and the prevalence of stunting of infants from a low
socioeconomic community in South Africa. The secon-
dary aim was to assess the effect of egg consumption on
weight-for-age (WAZ), weight-for-length (WLZ), mid-
upper arm circumference-for-age (MUACZ) and head
circumference (HC)-for-age (HCZ) Z-scores, gross
motor milestones development, anaemia and iron status
of infants from a low socioeconomic community in
South Africa.

Methods

Trial design and participants

This study was a 6-month follow-up randomised controlled
trial with parallel design conducted in the peri-urban
Jouberton area, Klerksdorp, in the Matlosana Municipality
in North West province, South Africa. Recruitment and
enrolment occurred from 16th February 2021-7th July
2021, while exiting from the study occurred six months
from the day of enrolment. The study site has high rate
of unemployment, and the typical diet of the infants is
maize meal porridge, rice, legumes, sweets and savoury
snacks'1®_ Infants were enrolled into the study at the age
of 6 to <9 months if the mother/caregiver resides in the
study municipality and if the infant was born a singleton.
Infants were excluded if they had severe obvious
congenital abnormalities, Hb < 7 g/dl, WLZ < -3, diseases
referred for hospitalisation, known allergies or intolerances
to egg and receiving special nutritional supplements
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as part of a feeding programme. Also excluded were
mothers/caregivers/legal guardians (hereinafter referred to
as mother) planning to move out of the study area within
9 months or if the mother was below 18 years at the start of
the study. Recruitment of mother-infant pairs was mainly
face-to-face at household level in the local language or in
English. Potentially eligible mother-infant pairs received an
invite to the central study site for consent, screening and
enrolment. The recruitment process continued until the
required number of participants was enrolled into the
study. Skin prick test was done on all the infants at baseline
and endpoint for egg sensitisation and an egg-feeding test
at baseline.

Interventions

The randomised controlled trial consisted of two groups,
the intervention group (n2 250), which was given one egg
(grade 1 or about 50 g) per day for six months, and the
control group (72 250). The duration of the intervention was
six months, which is similar to other studies"%¥. Both
groups received the same treatment and monitoring,
except that the control group did not receive eggs or any
food supplement from the study. The study participants in
the intervention group received one dozen eggs on a
weekly basis (seven eggs for the intervention child and five
eggs for household consumption to prevent them from
eating the index infant’s weekly ration). All infants whose
mothers gave consent and who met the inclusion criteria
were exposed to egg at enrolment (skin prick and feeding
test) and monitored for egg sensitisation (assessed by using
the Childhood Allergy and Immunology Research ques-
tionnaire and skin prick test when indicated) during
the study.

Trained fieldworkers visited participants weekly to
distribute the eggs and to remind the mothers to give
one egg per day. Information on adherence to egg intake,
morbidity symptoms using a diary, gross motor milestones
development using the pictorial chart and a seven-day
unquantified food frequency questionnaire, for all the
infants, was collected during the weekly visits. All
questionnaires had previously been used in a similar
study™ and tested for face validity in the study population.
As an incentive, the households of the control group
received 5 kg of maize meal monthly for household
consumption and 4 dozen of eggs when the infant exited
the study. However, the study did not promote the
consumption of the maize meal by the study infants. All
the eggs were procured from the same farm throughout
the study.

Sample size calculation

The sample size calculation was done by considering two
primary outcomes representing stunting reduction in
relation to the intervention. Based on previous studies?2?,
we expected an increase of 0-3-0-6 units and a sp of
1-1-2 units for LAZ. Based on this, we considered an effect
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size index, d = Z-seore reduction/Z-score sid, Petween 0-3 and
0-62Y to detect a medium to small difference between the
groups under comparison. Another sample size calculation
was performed considering a baseline stunting prevalence
of 27 %"® and a target reduction between 30 % and 50 %
(relative risk = 0-5-0-7). With the attrition rate set at 25 %,
the expectation was a sample size of at least 250 infants per
group to have sufficient statistical power to detect an
increase in LAZ, effect size index higher than 0-3 units, and
to detect a stunting prevalence reduction of 50 % given a
baseline prevalence of 27 %.

Outcomes

Outcome assessment of the trial occurred at three time
points, baseline, midpoint (three months from baseline)
and endpoint (six months from baseline). In general, all
assessments took place at the central study site, except for
weekly morbidity, adherence, food frequency question-
naire and follow-up gross motor milestones development
assessments. Infants’ date of birth, birth weight and length,
and gestational age were recorded from the clinic booklet;
in the absence of gestational age in the booklet, maternal
recall of gestational age was recorded. Information on
household characteristics, including household food
insecurity experience® and infant feeding practices,
was collected at baseline using questionnaires which have
been previously used at the study setting. Maternal
depression status was assessed using the Edinburg
Postnatal Depression Scale (validated for use in South
Africa®). Infants’ dietary intake was also assessed at all
three time points using an unquantified food frequency
questionnaire (assessed usual food intake in the past seven
days using options, such as every day, most days (not every
day, 4-6 times/week), once a week (1-3 times/week) and
never), which has been used previously at the study
setting'?,

Anthropometric outcome procedures

Anthropometric data on the infants were collected at all
three time points. Infants were undressed and weighed to
the nearest 0-01 kg using two standardised digital infant
scales (Seca 334 and 727). Recumbent length was measured
to the nearest 0-1 cm using an infantometer (Seca 416).
Mid-upper arm circumference and head circumference
measurements were taken to the nearest 0-1 cm using Seca
201 and 212 measuring tapes, respectively. All measure-
ments were taken in duplicate. If the values of the duplicate
measurements differed by more than 0-01 kg for weight,
0-5 cm for length, or 0-2 cm for mid-upper arm circum-
ference and head circumference, a third and/or a fourth
measurement was taken, and the two closest values were
recorded. In the case where a baby could not lie or sit still,
the indirect method was used, where mothers were weighed
with and without the infant. The mothers” height and weight
were taken at baseline to assess their BMI. The anthropo-
metric measurements of the infants were converted to LAZ,
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WAZ, WLZ, MUACZ and HCZ using WHO child growth
standard specific for age and sex??. Stunting was defined as
LAZ < -2, underweight as WAZ < -2, wasting as WLZ < -2
and overweight as WLZ > 4207,

Gross motor milestone development outcome procedures
Information on developmental milestones was collected at
baseline and during the weekly home visits, using a 14-item
(pullto sit, creep 1, sit 1, sit 2, all fours, creep 2, crawl, stand
1, walk 1, stand 2, walk 2, run, jump and stand on one foot)
pictorial chart based on the WHO’s standards®”. The date
on which a mother observed a particular milestone was
recorded on the pictorial chart. This information was used
to determine the age and duration for the infants to attain a
specific milestone. The WHO’s windows of achievement
for the 10th (stand 2 — able to take a few staggering walking
steps without support) and 11th (walk 2 — able to walk
properly without support) milestones were taken as the
overall event for analysis as they provide a good number of
events'?,

Anaemia and iron status outcome procedures

A trained professional nurse collected capillary blood
samples by means of finger and/or heel prick at baseline
and endpoint. Hb was measured on the day of blood
collection using a portable Hb HemoCue Hb 201+ system
(Angelholm, Sweden). In addition to these, blood samples
were collected into lithium heparin Microvette® CB 300
(Sarstedt), centrifuged for 10 min at 2000 g and separated
for plasma, aliquoted into 0-2 ml Eppendorf tubes, cooled
to ~6°C and transported on the same day on ice packs in a
cooler for storage at —80°C at the Centre of Excellence for
Nutrition’s laboratory until analysis. Plasma ferritin (PF) to
assess body iron stores and plasma soluble transferrin
receptor (sTfR) and inflammatory markers, C-reactive
protein and a-1-acid glycoprotein were measured using
the Quansys Bioscience Q-Plex™ Human Environmental
Enteric Dysfunction (11-Plex) multiplex sandwich assay
technique??. Anaemia was defined as a Hb <11 g/dl,
iron deficiency (OD) as PF<12 pg/l, iron deficiency
anaemia (IDA) as both PF<12 pg/l and Hb< 11 g/dl
and iron deficiency erythropoiesis (IDE) as plasma
STfR > 8-3 mg/I**. The presence of inflaimmation was
defined as C-reactive protein>5 mg/l and a-l-acid
glycoprotein > 1 g/15?.

Randomisation

There was a random assignment of eligible infants in a
1:1 ratio. A randomisation sequence of pseudo-random
numbers, generated by the RANNOR function of the SAS
software package version 9-4, generated the allocation
codes. There was a dataset with a list of 500 tags (250 tags
for each group) generated. This list of tags merged into a
sequence of random numbers generated from an under-
lying normal distributed variable. The sorting of the
generated random numbers was so that there was a
random list of codes and tags obtained; this was used to
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randomly assign an equal number of 250 participants
per group.

Blinding

Due to the nature of the study, the intervention was not
blind to field staft, the nurse and mothers; however, there
was blinding of all questionnaire and anthropometric
assessments to the assessors and the statistician during the
effect and sensitivity analysis of both the intervention and
control group.

Statistical methods

Baseline characteristics were described using median and
interquartile range or counts and percentages for continu-
ous and categorical variables, respectively. A linear mixed
model analysis with random intercept unstructured covari-
ance of the repeated measures was applied. The same
model based on the binomial distribution with logit link
was applied for dichotomous outcomes. Hb values
were corrected for altitude®” while PF and sTfR were
corrected for inflammation using the Biomarkers Reflecting
Inflammation and Nutritional Determinants of Anaemia
regression for preschool-aged children, 32 and this was
also log-transformed. Dichotomous variables were created
for anaemia, ID, IDA and IDE®? Adherence to egg
intake by the intervention group was calculated as the ratio
between the days in which egg was eaten and the overall
treatment days®®. All analyses were carried out according
to intention-to-treat using linear mixed-effect models with
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missing values treated as full maximum likelihood
according to the ignorable analysis®®. The analysis of
time to achieve the 10th and 11th WHO milestones was
performed using a non-parametric time-to-event analysis
by deriving hazard functions for participants receiving the
intervention and the control. The hazard functions were
compared using Gray’s test for Equality of Cumulative
Incidence Functions. Hazard ratio was performed using the
Cox model.

Sensitivity analysis

Sensitivity analyses were done by excluding infants with
low birthweight (birthweight < 2-5 kg), those with Hb, PF
and sTfR out of the range of * 3 sp, and those with LAZ < -6
or > +6, WAZ < —6 or > +5 and WLZ < -5 or > +6%%, Per
protocol analyses were also done using mixed models
applied to the set of data, excluding participants with
missing values at any of the three time points. All statistical
tests were two-tailed and considered a type-I error rate of
5% (a@=0-05). The statistical analyses and data manage-
ment were performed using SAS vers. 9.04.

Results

Figure 1 provides the flow chart of the trial. Recruitment
and enrolment of participants took place from February to
July 2022. Overall, 700 mother-infant pairs were recruited,
of which 534 gave consent to be screened for eligibility.

Excluded (n 166)

Infants recruited (n 700)

155 Not interested or cancelled appointment
4 Contact number not reachable or address not found

3 Relocated to another area
2  Mothers were < 18 years
2 Caregivers not eligible to give consent

Excluded (n 34)
20 Babies were not eligible for skin prick test

Assessed for eligibility (n 534) 7 Babies were sensitized to egg during screening
3 Babies were < 6-months or 2 9-months

2 Mothers were < 18 years
2 Babies had developmental problems

1

Egg intervention
Baseline measured (n 250)

l

Control

Baseline measured (n 250)

| Analysis | | Follow-up | | Allocation | | Enrolment |

Endpoint (month-6, n 20)
7 Lost to follow-up

6 Relocated

3 Refused to eat the egg
2 Not interested

1 Travelled

1 Unknown reasons

Midpoint (month-3, n 17)
6 Relocated

5 Lost to follow-up

3 Refused to eat the egg
2 Not interested

1 Travelled

Midpoint (month 3, n 23)
9 Lost to follow-up

7 Relocated

3 Died

2 Not interested

1 Travelled

1 Unknown reasons

Endpoint (month-6, n 34)
17 Relocated

8 Lost to follow-up

3 Died

2 Not interested

2 Travelled

2 Unknown reasons

Endpoint (month 6, n 230) |

| Midpoint (month 3, n 233)

Fig. 1 Flow chart of study participants

Midpoint (month 3, n 227) |

Endpoint (month-6, n 216)



https://doi.org/10.1017/S1368980023002604

Public Health Nutrition

o

https://doi.org/

Eggs as complementary food for child growth

Of these, 500 met the eligibility criteria and were randomly
assigned to either the intervention or the control group.
Of the 500 mother-infant pairs enrolled, 444 (88-4 %) were
the biological mothers of the infants and fifty-eight (11-6 %)
were caregivers (thirty-six grandmothers, eighteen aunts,
two non-related caregivers, one father, one sibling).
Overall, fifty-four (10-8%) infants dropped out of the
study: fifteen were lost to follow-up, twenty-three relo-
cated, three refused to eat the egg, four mothers lost interest
in continuing in the study, three died, three travelled, and
three were unknown reasons. It is worth mentioning here
that due to slower enrolment than anticipated, the six
months of follow-up for forty-four mother-infant pairs
(intervention group =27, control group =17) fell within
the upcoming Christmas and New Year holidays. Thus, to
avoid a higher dropout rate, their exit measurements were
taken two weeks earlier than planned as they may be
unreachable after the holidays are over.

Baseline analysis

Table 1 presents the baseline characteristics of the study
participants, with no difference between the intervention
and control groups. Although 446 (892 %) infants com-
pleted the six months of follow-up, the total sample
enrolled (z 500) was used for the intention-to-treat
analysis. Infants had a median (interquartile range) age
of 6:54 (6:14, 7-62) months, while that of the mothers was
twenty-eight (23, 34) years. Overall, 308 (61-6%) infants
were breastfeeding at baseline, whereas 250 (50-0 %) were
receiving infant formula milk every day. Eighty-four
(16-8%) infants presented with low birthweight. Access
to own electricity in the households was almost universal
(n 430; 86-0%). In the overall group, the prevalence of
stunting was 23-8 %, underweight was 9-8 %, wasting was
1-2 %, overweight was 13-8 %, MUACZ < -2 was 0-8 % and
HCZ <-2 was 3-4%. The prevalence of anaemia was
29-2%, ID was 87 %, IDA was 54% and IDE was
43-9%. Among inflammatory markers assessed, elevated
C-reactive protein and a-l-acid glycoprotein were
observed in fifty-two (11:6%) and 206 (46-1%) of the
infants, respectively.

Intervention outcomes and estimations

Except for the significant increase in egg consumption in
the intervention group compared to the control group,
intake of other animal-source food did not differ between
groups (Table 2). Figure 2 presents the prevalence of
stunting, underweight, wasting and overweight at all three
time points, with no difference between groups. At the end
of the study, the overall prevalence of stunting was 26:7 %,
underweight 11-7 %, wasting 2.7 %, overweight declined to
7-0 %, MUACZ < -2 was 1-:6% and HCZ <-2 was 54 %.
Table 3 presents the primary and secondary outcomes
of the study. The primary aim of this study was to examine
the effect of egg consumption on LAZ. At the end of the
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six-month follow-up period, there was no significant effect
on LAZ in the egg group compared to the control group
(P=0-4048). Likewise, there was no significant effect on
the prevalence of stunting (OR = 1-36; 95 % CL: 0-89, 2-08;
P=0-1572). Similarly, there was no significant effect on
secondary anthropometric outcomes (WAZ, WLZ, MUACZ,
HCZ) and time to reach the 10th and 11th WHO gross
motor milestones. The overall prevalence of anaemia at the
end of the six months of follow-up increased to 35-4 %, ID
to 227 %, IDA was 13-9% and IDE to 57-4 %, with no
difference between groups. Overall, elevated C-reactive
protein and a-l-acid glycoprotein were observed in
70 (159 %) and 259 (587 %) of the infants, respectively,
with no difference between groups. The estimated
adherence to daily egg intake by the intervention group
was 96-3 %.

Ancillary analyses

No statistically significant difference was observed for
primary and secondary outcomes of interests when
sensitivity analyses were done by excluding infants with
low birthweight (Supplementary Table 1), anthropometric
Z-scores, Hb and iron status indicators out of the range
of £ 3 sp (online Supplementary Table 2), as well as by per
protocol analysis (online Supplementary Table 3).
Furthermore, no effect was observed by excluding infants
with LAZ < -6 or > 6, WAZ < -6 or > 5 and WLZ < -5 or +5
(results not shown). The proportion of allergic sensitisation
to egg was similar in both the intervention (1-9 %) and
control group (1-5%) at the endpoint (P-value =0-929).
A supplementary analysis was done considering primary
outcomes in relation to season using a season for treatment
interaction term. This analysis showed no statistically
significant seasonal effect for the outcomes and for the
treatments (data not shown).

Adverse events

There was no difference between the incidence of adverse
events among the intervention and control groups. Only
eight (1.6 %) infants experienced severe adverse events,
defined based on hospitalisation, six (2-4 %) infants in the
intervention group and two (0-8 %) in the control group.
There were no egg-related serious adverse events reported.
Although three (0-6 %) infants died while in the study, the
cause of death was not related to the study, and they all
occurred in the control group. Nutrient adequacy, morbid-
ity and allergy symptoms will be examined in detail in
future analyses.

Discussion
This randomised controlled trial investigated the effects of

daily consumption of an egg for a period of six months on
growth, gross motor milestone development, anaemia and
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Table 1 Baseline characteristics of participants by intervention group?

Egg group (n 250)

Control group (n 250)

Infant characteristics and anthropometric status Median IQR Median IQR
Age, months 6-46 6-11, 7-66 6-57 6-14, 7-52
Girls
n 133 125
% 53.2 50-0
Breastfeeding rate
n 151 157
% 60-4 62-8
Gestational age, weeks 39 38, 40 39 38, 40
Low birthweight (< 2-5 kg)
n 38 46
% 15.2 18-4
Weight, kg 7-60 6-79, 8-31 7-63 6-93, 8-42
Length, cm 65-0 630, 67-05 65-07 63-30, 67-0
Mid-upper arm circumference, cm 14-85 14.0, 15-65 15-0 13-85, 15-85
Head circumference, cm 43-40 42-30, 44-15 43.23 42.0, 44-40
LAZ —1-21 -2.01, -0-55 -1.13 -1.87,-0-52
WAZ —-0-31 -1.31, 0-38 -0-29 -1.28, 0-56
WLz 0-51 —-0-15, 1-33 0-59 —0-24,1-39
MUACZ 0-65 -0-11,1-32 0-67 —0-28, 1-47
HCZ 0-02 —0-66, 0-66 —0-05 —0-70, 0-61
n % n %
Stunting 63 25.2 56 224
Underweight 26 104 23 9.2
Wasting 4 16 2 0-8
Overweight (WLZ > 2) 29 116 40 16-0
Median IQR Median IQR
Iron status
Hb, g/di? 11-60 10-80, 12-:20 11.50 10-80, 12-:20
Anaemia (Hb <11 g/dl)
n 71 75
% 28-40 30-0
C-reactive protein 0-47 0-17,1.87 0-39 0-15, 1.47
a 1-glycoprotein 0-94 0-70, 1-50 0-97 0-73,1-32
Plasma ferritin (PF), pg/l° 38.75 21.84, 62.95 38-04 22.28, 66-44
Soluble transferrin receptor (sTfR), mg/I° 777 6-07, 10-61 8-03 6-22, 11.01
Iron deficiency (ID), (PF <12 pg/l)
n 20 19
% 8-6 8-9
IDA (PF <12 pg/l and Hb < 11 g/dl)
n 10 11
% 4.3 51
IDE (sTfR > 8-3 mg/l)
n 107 89
% 45.9 416
Mother/Caregiver characteristics
Age, years 29 23, 36 27 23,33
BMI, kg/m 28-33 23-21, 33-64 2715 22-86, 33-23
Education (Grade 10 or higher)
n 194 209
% 776 83-6
Any marriage (Traditional or by law)
n 34 22
% 13-6 8-8
Household Characteristics
Number of people in the household 5 4,7 5 4,7
Number of primary school children 1 0,2 1 0,2
Number of children below 5 years 1 1,2 1 1,2
Number of people employed/receiving® salary 1 0,1 1 0, 1
Number of people receiving social grants® 3 1,4 2 2,3
Flush toilet®
n 228 224
% 91.2 89-6
Own tap water
n 103 113
% 41.2 45.2

LAZ: length-for-age Z-score, WAZ: weight-for-age Z-score, WLZ: weight-for-length Z-score, MUACZ: Mid-upper arm circumference-for-age Z-score, HCZ: head
circumference-for-age Z-score, IDA: iron deficiency anaemia, IDE: iron deficiency erythropoiesis.

aCorrected for altitude using a factor of —0.2(27).

bCorrected for inflammation using the BRINDA method (31, 32).

®Values presented as median and interquartile range and all such values, unless specified.

9dincludes child, old age pension and disability grant.

¢Both inside and outside the house.
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Table 2 Proportion of animal-source food intake by treatment group

Egg group Control group
n % n % n % n % n % n % n % n %

4-6 1-3 4-6 1-3

n 7 d/week d/week d/week Never 7 d/week d/week d/week Never P-value
Infant formula

Baseline 500 127 508 7 238 7 28 109 436 123 492 7 28 14 56 106 424 0-5055
Midpoint 460 109 468 5 22 2 09 117 502 93 41 7 31 7 31 120 529 0-2261
Endpoint 446 84 365 3 1.3 8 35 135 587 73 338 3 14 6 28 134 620 0-9044

Milk
Baseline 500 6 24 3 24 66 264 175 264 11 44 5 2.0 56 224 178 224  0-4280
Midpoint 460 33 142 13 56 101 433 86 369 33 145 11 49 102 449 81 357 09714
Endpoint 446 54 235 19 83 101 439 56 243 37 171 11 51 118 546 50 231 0-0896
Yoghurt
Baseline 500 1 04 2 08 84 336 163 652 3 12 5 20 73 292 169 676 0-3800
Midpoint 460 7 30 11 4.7 110 47.2 105 451 9 40 11 4.9 114 458 103 454  0-9563
Endpoint 446 10 44 20 87 118 51.3 82 357 12 56 21 97 105 486 78 361 0-8876
Chicken
Baseline 500 1 04 10 40 52 208 187 748 0 00 11 4.4 60 240 179 716 06637
Midpoint 460 9 39 22 94 103 442 99 425 6 26 33 145 100 441 88 388 0-3369
Endpoint 446 10 44 36 157 112 487 72 31.3 10 46 40 185 102 472 64 296 08723

Meat
Baseline 250 0O 00 O 00 13 52 237 948 o 00 O 00 11 4.4 239 95.6 0-8348
Midpoint 460 0O 00 O 00 35 150 198 85.0 0O 00 2 09 49 216 176 775 0-0453
c Endpoint 446 0O 00 2 09 63 274 165 717 o o0 4 19 80 370 132 611 0-0518
(o] Liver
=) Baseline 500 2 08 1 04 35 14.0 212 8438 o 00 2 08 38 152 210 840 0-6078
C Midpoint 460 2 09 0 00 62 266 169 725 o o0 2 09 71 313 154 678 0-1295
‘5’ Endpoint 446 0O 00 O o0 72 313 158 687 0O 00 2 09 68 315 146 676 0-4874
Fish
Z Baseline 499 o 00 O 00 11 4.4 239 95.6 0o 00 o0 o000 9 36 240 964 0-8202
P Midpoint 460 o 00 1 04 40 172 192 824 0o 00 1 04 32 141 194 855 0-6856
=) Endpoint 446 0O 00 O 00 64 278 166 722 0O 00 O 00 60 278 156 722 1-0000
« | Egg
Q Baseline 499 3 12 9 36 108 432 130 520 5 20 8 32 81 325 155 622 0.0786
T Midpoint 460 171 734 34 146 18 77 10 43 6 26 20 88 119 524 82 361 <0-0001*
O Endpoint 446 142 617 47 204 33 143 8 35 10 46 19 88 114 528 73 338 <0-0001*
f P-value based on the frequency of animal-source food consumption between egg and control group at each time point.
5 *P<0-01. nr: number.
o
a‘:‘ Prevalence of malnutrition at all three timepoint for treatment groups
35
30 | 296
252 253
25 |- 224 ” 236
20
16
15 - e 12 26 12:3
104 103 07
10 83 92 88
56
5 43 35
16 08 09 o
0

Egg Baseline Midpoint ~ Endpoint Control Baseline  Midpoint  Endpoint

mStunting ™ Underweight = Wasting Overweight

Fig. 2 Prevalence of malnutrition at all three time points

iron status of 6- to 9-month-old infants from a low Similarly, there was no effect found on our secondary
socioeconomic community in South Africa. We found no outcomes of interest, namely WAZ, WLZ, MUACZ, HCZ,
significant intervention effect on linear growth (LAZ) and gross motor milestones development (standing and walk-
stunting prevalence — the primary outcomes of interest. ing without support), anaemia or iron status. The findings
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Table 3 Effect of egg intervention on anthropometric, Hb and iron status according to intention-to-treat analysist
Egg group (n 233) Control group (n 227) Effect™ 95 % Cl
Outcomes at midpoint Median IQR Median IQR Median IQR P-value
Length, cm 69-31 68-91, 69-70 69-30 68-90, 69-70 0.01 -0-56, 0-57 0-9822
LAZ -1.23 -1.38, —1.08 -1.23 -1.38, —1.08 —0-01 -0-22, 0-21 0-9571
Stunting
n 59 50 1.20 0-78, 1-85 0-4074
% 25.-3 22-0
Weight, kg 8-51 8-34, 8-69 8-61 8-43, 8-79 -0-10 -0-34, 0-15 0-4547
WAZ —0-38 —-0.-55, -0-21 -0-28 -0-45, -0-10 -0-11 -0.35, 0-14 0-3844
Underweight
n 28 20 1-41 0-77, 259 0-2636
% 12.0 88
WL 0-40 0-23, 0-56 0-53 0.37,0-70 -0-14 -0-37, 0-10 0-2506
Wasting
n 10 2 5.04 1.09, 23-34 0-0385
% 4.3 09
Mid-upper arm circumference, cm 15-13 14.95, 15-30 15.17 14.99, 15.35 -0-04 -0-29, 0-21 0.7542
MUACZ 0-62 0-47,0.77 0-66 0-51, 0-80 —-0-04 -0-25, 0:17 0-7305
Head circumference, cm 44-90 44.71, 45.09 44.84 44.65, 45-03 0-06 -0-21, 0-33 0-6749
HCZ 0-12 -0.01, 0-26 0-07 -0-07, 0-20 0-05 —0-14, 0-24 0-5738
Outcomes at endpoint Egg group (n 230) Control group (n 216) Effect 95% ClI P-value
Length, cm 72-33 71-93, 72.73 7247 72-06, 72-89 -0-14 -0-72, 0-43 0-6225
LAZ —-1.41 —1.56, —1-26 -1.33 -1.49, -1.18 —0-08 -0-30, 0-13 0-4648
c Stunting
9 n 68 51 1.36 0-89, 2.08 0-1572
I % 29-6 236
o Weight, kg 9.05 8.88, 9-23 9-14 8:96, 9-32 —0-08 -0-34, 0-17 0-5157
g WAZ —0-51 —-0-69, -0-34 -0-41 -0-59, -0-24 -0-10 -0-35, 0-15 0-4250
Z Underweight
n 29 23 1.21 0-68, 2:17 0-5206
N % 126 107
el WLZ 0-23 0-06, 0-39 0-31 0-14, 0-48 —0-08 -0-32, 0-16 0-5102
(3] Wasting
() n 8 4 191 0-57, 6-45 0-2976
I % 35 19
U Mid-upper arm circumference, cm 15-30 15-12, 15.48 15-30 15-11, 15.49 0-00 -0-26, 0-26 0-9987
= MUACZ 0-66 0-51, 0-81 0-66 0-51, 0-81 0-00 -0-21, 0-21 0-9856
0 Head circumference, cm 45.32 45.12, 45.51 45.23 45.03, 45-43 0-09 -0-19, 0-36 0-5322
=) HCZz -0-28 -0-42, -0-15 -0-35 -0-49, -0-21 0-06 -0-13, 0-26 0-5166
o Gross motor milestone development
Standing without support
n 179 179 0-95 0-77,117 0-6352
% 71-6 71-6
Walking without support
n 116 113 1.01 0.78, 1-30 0-9655
% 46-4 45.2
Hb and iron status
Hb, g/dif 11-29 11-15, 11.43 11-34 11-19, 11.49 —0-05 —-0-25, 0-16 0-6474
Anaemia (Hb <11 g/dl)
n 88 70 1.29 0-87, 1-91 0-1982
% 38-3 324
Plasma ferritin (PF), pg/l*,§ 22.71 20-08, 25-69 22.58 19.-86, 25-66 -0-13 -3-17, 517 0-9498
ID (PF <12 pg/l)
n 51 49 0-95 0-61, 1-49 0-8333
% 22-3 231
IDA (PF <12 pg/l and Hb 11 g/dl)
n 35 26 1.28 0.74, 2.22 0-3715
% 15-3 12.3
Soluble transferrin receptor (sTfR), mg/I*,§ 9.73 9-11, 10-38 10-21 9-54, 10-93 —-0-49 -1.27, 0-51 0-3104
IDE (sTfR > 8-3 mg/l)
n 127 126 0-85 0.-58, 1-.24 0-4004
% 55.5 59-4
LAZ: length-for-age Z-score, WAZ: weight-for-age Z-score, WLZ: weight-for-length Z-score, MUACZ: Mid-upper arm circumference-for-age Z-score, HCZ: head
circumference-for-age Z-score, IDA: iron deficiency anaemia, IDE: iron deficiency erythropoiesis.
*Geometric means, with analysis performed on log-transformed data.
tValues presented as median and interquartile range and all such values, unless specified.
$Corrected for altitude using a factor of —0-2(27),
§Corrected for inflammation using the Biomarkers Reflecting Inflammation and Nutritional Determinants of Anaemia method®':32),
**Effects reported as OR for stunting, underweight, wasting and overweight. Effects reported as HR for gross motor milestone development.
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of this study agree with a similar Malawian study, where it
was found that the provision of an egg per day for a period
of six months to infants had no overall intervention effect
on linear growth and stunting prevalence™ nor anaemia
and iron status"®,

Overall, our estimated prevalence of stunting, under-
weight and wasting at study completion was similar to that
reported in the 2016 South African Demographic and
Health Survey™®. According to the 2016 South African
Demographic and Health Survey, stunting was higher in
infants from age 9 months compared to age 6 to 8 months,
while the probability of being underweight increased with
age™. A study by Smuts et al.'” in the same study area
showed that at age 6 months, the prevalence of stunting
was 29:5%, and underweight was 11:3% at baseline.
At study completion, and when the children were
12 months old, the prevalence of stunting was 38:3%
and underweight was 125 %. Although the changes from
baseline to follow-up were small, we can reason that the
probability of being stunted and/or underweight increase
as children grow, especially in the first one thousand days
of life™®1 Thus, complementary feeding interventions are
needed in the first two years of life to prevent under-
nutrition with a specific focus on stunting and underweight
reduction®®.

An egg intervention study by lannotti et al.'?, in five
rural parishes in a province in Ecuador, found that the
provision of an egg per day increased LAZ, WAZ and
reduced the prevalence of stunting and underweight by
47 % and 74 %, respectively, which disagrees with our
findings. Additionally, a systematic review and meta-
analysis by Asare et al.®” found that animal-source food
supplementation increased LAZ and WAZ, especially when
the animal-source food was egg, which also disagrees with
our findings. The lack of intervention effect in the current
study may be because the addition of one egg to the usual
complementary diet with low dietary diversity of the infants
was insufficient to meet the demands for improved and
sustained growth during the six-month intervention
period'®. Nevertheless, this does not exclude the fact that
eggs are affordable® and widely accessible complemen-
tary food. It has been shown that providing one egg a day
for six months did not increase adverse events, nor lead to
more allergic sensitisation in the egg group, nor displaced
other complementary foods1®3%_ Therefore, it is still one of
the many animal-source foods rich in macro- and micro-
nutrients needed for optimal child growth and develop-
ment, especially in food-insecure settings”?,

There was no intervention effect on the infants’ ability to
stand and walk without support. Our finding is similar to
that of Prado et al., who failed to show egg intervention
effect on child’s fine and gross motor, language develop-
ment, and personal and social development“”. On the
other hand, it could be reasoned that the crudeness of the
measures adopted to assess motor development may have
influenced our outcome. These measures did not assess

0.1017/51368980023002604 Published online by Cambridge University Press

9

other developmental outcomes, such as fine motor,
language, personal and social development. Measures to
assess these developmental outcomes may have provided
different results. This notwithstanding, both growth
(irreversible constant increase in body size) and develop-
ment (growth in psychomotor capacity) associate with
each other and are dependent on nutrition, genetic and
environmental factors“?. Thus, we can speculate that the
provision of one egg per day in addition to the normal
dietary intake of the infants together with the duration of
the intervention does not make that much of a difference to
affect gross motor milestones development.

Although there was no intervention effect on anaemia or
iron status (PF and sTfR), there was an increase in the
overall prevalence of anaemia, ID, IDA and IDE at the end
of the six months of follow-up period, and the prevalence
rates signify a moderate to high public health problem™?.
Many factors could have had an influence on anaemia or
iron status outcomes of this study. Firstly, iron requirements
for infants and young children increase with age®®. This
subsequently increases the demands for proteins, as it is the
main nutrient involved in the overall metabolism of iron“®.
Therefore, sufficient intake of both iron and protein is
necessary to maintain a normal iron status in the human
body“>. One whole cooked egg, irrespective of the
cooking method, contains 1-69 mg of iron per 100 g
(approximately 0-9 mg per 50 g eg®)“?, which is much
lower than the RDA for children aged seven to 12 months (3
mg) and 12 to 36 months (7 mg)“?. Thus, we hypothesise
that the provision of one egg per day was not sufficient to
provide adequate iron to address anaemia or ID in this low
socioeconomic community.

Secondly, the whole egg consists of the yolk and egg
white or albumen, with most of the haem iron in the egg
being found in the yolk and some traces in the egg white*.
However, the bioavailability of iron from egg yolk has been
shown to be poor, which was in congruence with an animal
study by Kobayashi et al.“>, who showed that egg yolk
intake did not have effect on IDA because it delayed
improvement of liver iron content, transferrin saturation
level, Hb and haematocrit. This also agrees with a previous
study by Makrides et al."?, who showed that egg yolk
intake did not have any significant intervention effect on
Hb, PF and transferrin in breastfed infants aged 6 to
12 months. However, egg yolk intake resulted in the
enhancement of plasma iron and transferrin saturation levels.
Both egg yolk and egg white have also been shown to
influence iron absorption and bioavailability. Iron-containing
food, such as beef, has also been shown to increase iron
absorption4® Therefore, it is possible that the absorption
of dietary iron, in particular non-haem iron, may have been
inhibited by other dietary components in egg as shown by
previous studies®> 4 which may explain the lack of
intervention effect on anaemia or iron status in our study.

Smuts et al."” supplemented 6- to 12-month-old infants
with two different small-quantity lipid-based nutrient
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supplements (SQ-LNS) products: SQ-LNS and SQ-LNS-plus
with an iron contribution of 5-8 mg each. This is much
higher than iron provided by egg and could have
influenced their outcomes, as intervention with both
supplement products increased Hb concentration and
reduced the risk of anaemia, ID and IDA in the North West
province of South Africa. The SQ-LNS also contain high
amounts of energy, vitamins, minerals and essential fatty
acids, such as vitamin C, zinc and a-linolenic acid®.
Therefore, it is possible that the high contribution of
vitamin C from the SQ-LNS (SQ-LNS = 23-3 mg; SQ-LNS-
plus =103 mg) and phytase from SQ-LNS-plus (200 FTU,
phytase activity unit) might have enhanced iron absorp-
tion, especially by releasing non-haem iron bound to anti-
nutrients in complementary foods to influence anaemia
and iron status biomarkers®?. As egg does not contain
vitamin C7, we can hypothesise that the absorption of non-
haem iron was inhibited, especially because most of the
usual complementary diets of infants and young children
contain inhibitors of non-haem iron absorption, such as
phytate and tannins“?. Lastly, although the randomisation
generated similar groups, we speculate that chronic lack of
micronutrients or hidden hunger may have influenced the
outcome of this study. Except for iron status assessment,
this study did not assess other micronutrients in detail and
cannot ascertain if hidden hunger played a role in the
outcomes of our study; therefore, it should be investigated
in future studies of this nature®®,

This study has some limitations. Firstly, there was no
direct observation of egg intake by infants in the
intervention group but reported by the mother in an
adherence diary. Thus, we cannot exclude the fact that
there may have been sharing of the weekly ration of
eggs with other household members, which could have
attenuated our outcomes. Secondly, although the field
workers received training to collect information on gross
motor milestones development, the self-reported nature of
the date on which a developmental milestone was
achieved by the mothers may have impacted on the
accuracy of the developmental outcome. Again, it could be
speculated that assessing gross motor milestones develop-
ment may require more than six-month intervention
period, thus assessing other developmental outcomes,
such as fine motor, language, social development could
have provided different results. Lastly, it could be that the
provision of one egg per day in addition to the normal
dietary intake of the infants does not make a big enough
difference to impact linear growth and development.

This notwithstanding, this study has many strengths.
The study was well-powered to detect small effects due to
the large sample size and low rate of dropout. There were
weekly household visits to stock up the intervention eggs,
check for allergies and morbidity symptoms and to
ensure adherence to taking the study eggs. To avoid
intra-household sharing of the weekly ration of seven eggs
for the infants in the intervention group, there was an
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additional five eggs provided to each household every
week. In addition, this study provided the household of the
control group with 5 kg maize meal every month during the
six months of follow-up intervention period and 4 dozen
eggs at the endpoint, which may have been an incentive for
those in the control group to remain in the study. Lastly,
although not completely blinded due to the study’s nature,
there was full blinding of the field assessors and statistician
to the treatment assignment and effect size analysis.

In conclusion, daily egg intake for six months in 6- to 9-
month-old infants did not have any overall intervention
effect on linear growth (LAZ), stunting prevalence, gross
motor milestones development, anaemia, or iron status.
Our study showed that relying solely on the intervention of
daily egg consumption may not be sufficient to address the
growth, development and nutritional status of infants
and young children in low socioeconomic communities.
This suggests that additional approaches and interventions
should be considered to complement or enhance the effects
of egg consumption, such as incorporating other dietary
sources, improving dietary diversity or implementing
strategies to enhance nutrient absorption and bioavailability.

Acknowledgements

The authors thank the Eggcel-growth study team and the
mothers/caregivers who consented for their children to
participate in the study. We thank the fieldworkers for their
hard work during the data collection. We also thank the
Walk a Mile in My Shoe, the North West Department of
Health, the local clinics and the Matlosana Municipality for
their immense support during the data collection. Lastly,
we are grateful to Sr. Alida Anthony for organising all our
logistics and supplies; Ronel Benson and Henriétte Claasen
for helping with the administrative work and finances; Mrs
Cecile Cooke for the laboratory analysis; Mr. Thabang
Phinda, Mrs. Mary Mary Sennelo, Mamokete Pule and Mrs.
Elizabeth Wesi for assisting with the data collection

Financial support

This study was funded by the Douglas George Murray
Trust. The funders had no influence on the study design,
data collection, analysis, interpretation of the data, writing
of the manuscript or the decision to submit the manuscript
for publication.

Conflict of interest
The authors declare that they have no known competing

financial and non-financial interests with the potential to
bias the work reported in this paper.


https://doi.org/10.1017/S1368980023002604

Public Health Nutrition

o

https://doi.org/

Eggs as complementary food for child growth

Authorship

C.M.S.,M.F.,,H.S K., LM., C.R. and H.R. designed the study.
H.R. was the study coordinator and contributed by
supervising field data collection, quality control and the
conceptualisation and design of the manuscript. H.R. wrote
the first draft of the manuscript, coordinated the statistical
analysis, interpretation of the result and remarks from all
co-authors. C.R. performed the power calculation and
statistical analyses and assisted with the interpretation of
the result. RN., M.V., LM., HS K., CR., M.F., CM.S. edited
the manuscript. M.F. and C.M.S. supervised the study. All
authors actively participated in the field data collection,
writing of the manuscript and gave final approval for
publication.

Ethics of human subject participation

This manuscript forms part of a PhD thesis. The study was
conducted according to the guidelines laid down in the
Declaration of Helsinki, and all procedures involving
research study participants were approved by the North-
West University Health Research Ethics Committee (NWU-
00452-19-A1) and was registered on the clinicaltrials.gov
(NCT05168085). Permission was sought from the South
African National and Provincial Department of Health, the
local clinics in the study area and the community leaders to
do the study. Written informed consent was obtained from
all parents/legal guardians.

Supplementary material

For supplementary material accompanying this paper visit
https://doi.org/10.1017/51368980023002604

References

1. United Nations Children’s Fund & World Health
Organization World Bank Group (2021) Levels and Trends
in Child Malnutrition: Key Findings of the 2021 Edition
of the Joint Child Malnutrition Estimates. https://data.
unicef.org/resources/jme-report-2021/ (accessed October
2021).

2. Black RE, Victora CG, Walker SP et al. (2013) Maternal and
child undernutrition and overweight in low-income and
middle-income countries. Lancet 382, 427-451.

3. Walker SP, Wachs TD, Gardner JM et al. (2007) Child
development: risk factors for adverse outcomes in develop-
ing countries. Lancet 369, 145-157.

4. Dewey KG & Begum K (2011) Long-term consequences of
stunting in early life. Matern Child Nutr 7, 5-18.

5. World Bank Group (2017) All Hands On Deck: Reducing
Stunting through Multisectoral Efforts in Sub-Saharan Africa.
http://documents.worldbank.org/curated/en/260571530132
166786/pdf/Main-report.pdf (accessed July 2019).

0.1017/51368980023002604 Published online by Cambridge University Press

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

11

World Health Organization (2003) Guiding Principles for
Complementary Feeding of the Breastfed Child. Washington,
DC: Pan American Health Organization/WHO.
Réhault-Godbert S, Guyot N & Nys Y (2019) The golden egg:
nutritional value, bioactivities, and emerging benefits for
human health. Nutrients. Published online: 22 March 2019.
doi: 10.3390/nul11030684.

Lannotti LL, Lutter CK, Bunn DA et al. (2014) Eggs: the
uncracked potential for improving maternal and young child
nutrition among the world’s poor. Nutr Rev 72, 355-368.
Tannotti LL, Lutter CK, Waters WF et al. (2017) Eggs early in
complementary feeding increase choline pathway bio-
markers and DHA: a randomized controlled trial in
Ecuador. Am J Clin Nutr 106, 1482-1489.

Lannotti LL, Lutter CK, Stewart CP et al. (2017) Eggs in early
complementary feeding and child growth: a randomized
controlled trial. Pediatrics. Published online: 7 June 2017.
doi: 10.1542/peds.2016-3459.

Baum JI, Miller JD & Gaines BL (2017) The effect of egg
supplementation on growth parameters in children partici-
pating in a school feeding program in rural Uganda: a pilot
study. Food Nutr Res 61, 1-6.

Omer A, Mulualem D, Classen H et al. (2019) Promotion of
egg and eggshell powder consumption on the nutritional
status of young children in Ethiopia. Int J Food Sci Nutr.
Published online: 3 May 2019. doi: 10.31546/1JFSNR.1004.
Makrides M, Hawkes JS, Neumann MA et al. (2002)
Nutritional effect of including egg yolk in the weaning diet
of breast-fed and formula-fed infants: a randomized
controlled trial. Am J Clin Nutr 75, 1084-1092.

Stewart CP, Caswell B, Iannotti L et al. (2019) The effect of
eggs on early child growth in rural Malawi: the Mazira project
randomized controlled trial. Am J Clin Nutr 110, 1026-1033.
Werner R, Arnold C, Caswell B et al. (2022) The effect of 1 egg
per day on iron and anemia status among young Malawian
children: a secondary analysis of a randomized controlled
trial. Curr Dev Nutr. Published online: 13 May 2022.
doi: 10.1093/cdn/nzab045_079.

Faber M, Malan L, Kruger HS et al. (2022) Potential of egg as
complementary food to improve nutrient intake and dietary
diversity. Nutrients. Published online: 18 August 2022.
doi: 10.3390/nu14163396.

Faber M, Rothman M, Laubscher R et al. (2019) Dietary
patterns of 6-24-month-old children are associated with nutrient
content and quality of the diet. Matern Child Nutr 16, €12901.
Department of Health, Statistics South Africa, South African
Medical Research Council et al. (2017) South Africa Demographic
and Health Survey 2016: Key Indicator Report. https://dhspro
gram.com/pubs/pdf/FR337/FR337.pdf (accessed January 2019).
Smuts CM, Matsungo TM, Malan L et al. (2019) Effect of
small-quantity lipid-based nutrient supplements on growth,
psychomotor development, iron status, and morbidity
among 6-to 12-month-old infants in South Africa:
a randomized controlled trial. Am J Clin Nutr 109, 55-68.
Matsungo TM, Kruger HS, Faber M et al. (2017) The
prevalence and factors associated with stunting among
infants aged 6 months in a peri-urban South African
community. Public Health Nutr 20, 3209-3218.

Cohn J (1988) Statistical Power Analysis for the Behavioral
Sciences, 2nd ed. New Jersey: Lawrence Earlbam Associates.
Food and Agriculture Organization (2018) The Food
Insecurity Experience Scale. http://www.fao.org/in-action/
voices-of-the-hungry/fies/en/ (accessed January 2021).
Lawrie TA, Hofmeyr GJ, de Jager M et al. (1998) Validation of
the Edinburgh Postnatal Depression Scale on a cohort of
South African women. S Afr Med ] 88, 1340-1344.

World Health Organization (2006) WHO Child Growth
Standards. Length/Height-for-Age, Weight-for-Age, Weight-
for-Length, Weight-for-Height and Body Mass Index-for-Age:
Methods and Development. Geneva: WHO.


https://doi.org/10.1017/S1368980023002604
https://data.unicef.org/resources/jme-report-2021/
https://data.unicef.org/resources/jme-report-2021/
http://documents.worldbank.org/curated/en/260571530132166786/pdf/Main-report.pdf
http://documents.worldbank.org/curated/en/260571530132166786/pdf/Main-report.pdf
https://doi.org/10.3390/nu11030684
https://doi.org/10.1542/peds.2016-3459
https://doi.org/10.31546/IJFSNR.1004
https://doi.org/10.1093/cdn/nzab045_079
https://doi.org/10.3390/nu14163396
https://dhsprogram.com/pubs/pdf/FR337/FR337.pdf
https://dhsprogram.com/pubs/pdf/FR337/FR337.pdf
http://www.fao.org/in-action/voices-of-the-hungry/fies/en/
http://www.fao.org/in-action/voices-of-the-hungry/fies/en/
https://doi.org/10.1017/S1368980023002604

12

Public Health Nutrition

oL

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

WHO Multicentre Growth Reference Study Group (2006)
WHO motor development study: windows of achievement
for six gross motor development milestones. Acta Paediatr
95, 86-95.

Brindle E, Lillis L, Barney R et al. (2017) Simultaneous
assessment of iodine, iron, vitamin A, malarial antigenemia,
and inflammation status biomarkers via a multiplex immuno-
assay method on a population of pregnant women
from Niger. PloS One. Published online: 5 October 2017.
doi: 10.1371/journal.pone.0185868.

World Health  Organization (2011) Haemoglobin
Concentrations for the Diagnosis of Anaemia and Assessment
of Severity. Vitamin and Mineral Nutrition Information System,
WHO/NMH/NHD/MNM/111. Geneva: WHO.

World Health Organization (2014) Serum Transferrin
Receptor Levels for the Assessment of Iron Status and Iron
Deficiency in Populations, WHO/NMH/NHD/EPG/146.
Geneva: WHO.

World Health Organization (2020) WHO Guideline
Development Group — the Use of Ferritin Concentrations
to Assess Iron Status in Populations. Geneva: WHO.
Thurnham DI, Northrop-Clewes CA & Knowles J (2015) The
use of adjustment factors to address the impact of
inflammation on vitamin A and iron status in humans.
J Nutr 145, 1137S-1143S.

Namaste SM, Rohner F, Huang ] et al. (2017) Adjusting
ferritin  concentrations for inflammation: Biomarkers
Reflecting Inflammation and Nutritional Determinants of
Anemia (BRINDA) project. Am J Clin Nutr 106, 359S-3718S.
Rohner F, Namaste SM, Larson LM et al. (2017) Adjusting
soluble transferrin receptor concentrations for inflammation:
Biomarkers Reflecting Inflammation and Nutritional
Determinants of Anemia (BRINDA) project. Am J Clin Nutr
106, 37253825

Krebs NF, Mazariegos M, Chomba E etal. (2012)
Randomized controlled trial of meat compared with multi-
micronutrient-fortified cereal in infants and toddlers with
high stunting rates in diverse settings. Am J Clin Nutr 96,
840-847.

Tango T (2017) Likelibood-Based Ignorable Analysis for
Missing Data. Repeated Measures Design with Generalized
Linear Mixed Models for Randomized Controlled Trials, 1st
ed. London: Chapman and Hall/CRC.

Crowe S, Seal A, Grijalva-Eternod C et al. (2014) Effect
of nutrition survey ‘cleaning criteria’ on estimates of malnutrition
prevalence and disease burden: secondary data analysis. Peer].
Published online: 13 May 2014. doi: 10.7717/peer;.380.
Oumer A, Fikre Z, Girum T et al. (2022) Stunting and
underweight, but not wasting are associated with delay in
child development in Southwest Ethiopia. Pediatr Health
Med Ther 13, 1-12.

https://doi.org/10.1017/51368980023002604 Published online by Cambridge University Press

37.

38.

39.

40.

41.

42.

43.

44.

46.

47.

48.

49.

H Ricci et al.

Asare H, Rosi A, Faber M et al. (2022) Animal-source foods as
a suitable complementary food for improved physical
growth in 6 to 24-month-old children in low- and middle-
income countries: a systematic review and meta-analysis of
randomised controlled trials. Br J Nutr 128, 2453-2463.
South African Poultry Association (2020) South African Poultry
Association 2020 Industry Profile. https://www.sapoultry.co.
za/wp-content/uploads/2022/03/SAPA-INDUSTRY-PROFILE-
2020.pdf (accessed November 2022).

Lutter CK, Caswell BL, Arnold CD et al. (2020) Impacts of an
egg complementary feeding trial on energy intake and
dietary diversity in Malawi. Matern Child Nutr. Published
online: 20 July 2020. doi: 10.1111/mcn.13055.

Prado EL, Maleta K, Caswell BL et al. (2020) Early child
development outcomes of a randomized Trial providing
1 egg per day to children age 6 to 15 months in Malawi. / Nutr
150, 1933-1942.

Palanikumar B & Indirapriya DA (2022) Human Growth and
Development. https://www.ncbi.nlm.nih.gov/books/NBK56
7767/ (accessed October 2022).

World Health Organization (2017) Nutritional Anaemias:
Tools for Effective Prevention and Control. Geneva: WHO.
Institute of Medicine (2001) Dietary Reference Intakes for
Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper,
Todine, Iron, Manganese, Molybdenum, Nickel, Silicon,
Vanadium, and Zinc. https://www.ncbi.nlm.nih.gov/books/
NBK222310/pdf/Bookshelf NBK222310.pdf  (accessed
November 2019).

Geissler C & Singh M (2011) Iron, meat and health. Nutrients
3, 283-316.

Kobayashi Y, Wakasugi E, Yasui R et al. (2015) Egg
yolk protein delays recovery while ovalbumin is useful in
recovery from iron deficiency anemia. Nutrients 7,
4792-4803.

United States Department of Agriculture (2016) Nutrient Data
Laboratory. USDA National Nutrient Database for Standard
Reference, Release 28 (Slightly Revised). http://www.ars.
usda.gov/nea/bhnrc/mafcl (accessed November 2019).
Hallberg L & Hulthén L (2000) Prediction of dietary iron
absorption: an algorithm for calculating absorption and
bioavailability of dietary iron. Am J Clin Nutr71, 1147-1160.
Hurrell RF, Lynch SR, Trinidad TP et al. (1988) Iron
absorption in humans: bovine serum albumin compared
with beef muscle and egg white. Am J Clin Nutr47,102-107.
Cook JD & Monsen ER (1976) Food iron absorption in human
subjects. III. Comparison of the effect of animal proteins on
nonheme iron absorption. Am J Clin Nutr 29, 859-867.
Biesalski HK (2013) Hidden Hunger in the Developed World.
https://www.nutri-facts.org/content/dam/nutrifacts/media/
media-books/RTGN_chapter_03.pdf (accessed October
2022).


https://doi.org/10.1371/journal.pone.0185868
https://doi.org/10.7717/peerj.380
https://www.sapoultry.co.za/wp-content/uploads/2022/03/SAPA-INDUSTRY-PROFILE-2020.pdf
https://www.sapoultry.co.za/wp-content/uploads/2022/03/SAPA-INDUSTRY-PROFILE-2020.pdf
https://www.sapoultry.co.za/wp-content/uploads/2022/03/SAPA-INDUSTRY-PROFILE-2020.pdf
https://doi.org/10.1111/mcn.13055
https://www.ncbi.nlm.nih.gov/books/NBK567767/
https://www.ncbi.nlm.nih.gov/books/NBK567767/
https://www.ncbi.nlm.nih.gov/books/NBK222310/pdf/Bookshelf_NBK222310.pdf
https://www.ncbi.nlm.nih.gov/books/NBK222310/pdf/Bookshelf_NBK222310.pdf
http://www.ars.usda.gov/nea/bhnrc/mafcl
http://www.ars.usda.gov/nea/bhnrc/mafcl
https://www.nutri-facts.org/content/dam/nutrifacts/media/media-books/RTGN_chapter_03.pdf
https://www.nutri-facts.org/content/dam/nutrifacts/media/media-books/RTGN_chapter_03.pdf
https://doi.org/10.1017/S1368980023002604

	Effects of egg as an early complementary food on growth of 6- to 9-month-old infants: a randomised controlled trial
	Methods
	Trial design and participants
	Interventions
	Sample size calculation

	Outcomes
	Anthropometric outcome procedures
	Gross motor milestone development outcome procedures
	Anaemia and iron status outcome procedures
	Randomisation
	Blinding

	Statistical methods
	Sensitivity analysis

	Results
	Baseline analysis
	Intervention outcomes and estimations
	Ancillary analyses
	Adverse events

	Discussion
	Acknowledgements
	Financial support
	Conflict of interest
	Authorship
	Ethics of human subject participation
	Supplementary material
	References


