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Effects of egg and vitamin A supplementation on
hemoglobin, retinol status and physical growth levels of
primary and middle school students in Chongqing,

China
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Lack of protein and vitamin A influences the growth of student in impoverished mountain areas. The aim of the
study was to assess the effects of egg and vitamin A supplementation on hemoglobin, serum retinol and anthro-
pometric indices of 10-18 years old students of a low socioeconomic status. A total number of 288 students from
four boarding schools were randomly selected by using cluster sampling method in Chongqing, and they were as-
signed into supplement group and control group non-randomly. Students in supplement group received a single
200,000 international units vitamin A and 1 egg/day (including weekends) for 6 months. The control group did
not receive any supplementation. We measured hemoglobin, serum retinol and height and weight at baseline and
after supplementation. The supplementation increased the mean hemoglobin concentration by 7.13 g/L compared
with 1.38 g/L in control group (p<0.001), the mean serum retinol concentration by 0.31 umol/L compared with
0.09 umol/L in the control group (p=0.005), the mean height-for-age z score by 0.05 compared with 0.03 in the
control group (p=0.319), the mean weight-for-age z score by 0.05 compared with -0.12 in the control group
(»<0.001). Our results revealed that egg and vitamin A supplementation is an effective, convenient, and practical
method to improve the levels of hemoglobin, serum retinol and prevent the deterioration of growth in terms of
weight for primary and middle school students from outlying poverty-stricken areas. Our intervention did not
have a beneficial effect on linear growth.
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INTRODUCTION

Nutrition should be a priority at national and sub-national
levels because it is central for human, social, and eco-
nomic development.! Poverty is the main underlying
cause of malnutrition and its determinants.>* In develop-
ing countries, malnutrition with its two constituents, pro-
tein-energy malnutrition and micronutrient deficiencies,
continues to be a major health burden.* China is the big-
gest developing country in the world with more than 1.3
billion people. Along with the rapid socioeconomic de-
velopment in the latest 20 years, China has achieved im-
pressive progress towards achieving the Millennium De-
velopment Goals (MDGs) and there has been a dramatic
reduction in hunger and undernutrition." However, nutri-
tional problems are still widespread among Chinese chil-
dren, about 10.6%-38.3% of children have anemia and
40% of children have growth retardation in rural areas.™
At the same time, children are prone to a lack of vitamin
A, which is mainly from meat products. Dietary survey
showed that porridge, steamed bread and potatoes without

preformed vitamin A or provitamin A were given to most
primary and middle school students in poor areas of west-
ern China. One of the major objectives of the National
Program of Action for Child Development in China
(2001-2010) is to reduce vitamin A deficiency (VAD)
and marginal vitamin A deficiency (MVAD).’

One of our previous study showed that the occurrence
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of anemia, VAD and MVAD in preschool children in a
suburb of Chongging, China was 26.6%, 7.7% and 34.8
%, 1respectively.8 We considered that anemia and VAD
are also serious among primary and secondary school
students in the poorer area of Chongqing because of their
dietary pattern. Our baseline survey found that the preva-
lence rate of anemia, VAD, MVAD, stunting and wasting
were 18.3%, 14.6%, 50.8%, 24.7% and 6.2%, respective-
ly in the studied population.” The purpose of this study is
to investigate the effects of egg and vitamin A on improv-
ing hemoglobin (Hb) and serum retinol status, physical
growth of 10-18 years old students in a rural area of
Chongqing, China. We hypothesized that the school feed-
ing program was effective in improving the nutrition sta-
tus of the students in the supplement group. Our program
was strongly supported by Chinese government authori-
ties.

MATERIALS AND METHODS

Subject selection

The supplementation program was reviewed and ap-
proved by the institutional ethical committee of the Chil-
dren’s Hospital of Chongqging Medical University. We
conducted the study in Wuxi County of Chongqing, Chi-
na from December 2010 to May 2011. Wuxi County is a
rural district and a typical mountainous area with low
socioeconomic development. As part of the child nutri-
tion project of Wuxi County, we selected four boarding
schools which included two primary schools and two
middle schools randomly with cluster sampling. The four
schools were divided into two groups (the supplement
group and the control group) non-randomly, each group
included one primary school and one middle school. The
supplements were provided for the students in poorer
school districts. About 30 students in the supplement
group was the minimum sample size to detect an absolute
change of 10 g/L of Hb and 0.25 umol/L of serum retinol
after supplementation with 90% power and a=0.05 for a
two-sided paired t-test. Considering the attrition over the
duration of the study, we selected more than 50 students
from each school.

A total of 288 students were recruited. The inclusion
criteria for participation were as follows: 1) students of
either sex aged 10-18 years; 2) students who had no re-
cent acute or chronic diseases and Hb >60 g; 3) students
who were not accepting any supplement; and 4) students
whose parents or guardians signed and returned consent
(written) to participate in all aspects of the study. Howev-
er, because of the unexpectedly high dropout rate for in-
volvement in the trial and blood drawing failure, we were
supposed to measure the primary outcome including Hb
concentration, retinol concentration and anthropometric
indices before and after intervention from all of 201 stu-
dents.

Intervention

The supplement group received 200,000 international
units (IU) of vitamin A in capsule formed with retinol
acetate (Xiamen Xingsha Pharmaceutical Group Co, Ltd)
during December 2010, and then we added one egg to
their breakfast everyday, including weekends for 6
months. Supplements provision was recorded and super-

vised by the head teachers. The control group did not re-
ceive any supplement.

Anthropometric measurements

Anthropometric examinations in each school were con-
ducted by the same trained investigators (a total of 4) by
following a standardized procedure to eliminate
intraexaminer error. Duplicate measurements were per-
formed for all participants. The inter-examiner coefficient
of variation of weight and height for each examiner was
less than 5%. Weight was recorded using a weighing scale
(100- Med, Beijing, China) to the nearest 0.1 kg with sub-
jects in minimum clothing and bare feet. And height was
measured in the standard position by the same standing
scale (100Med) to the nearest 0.1 cm.

Blood samples and biochemical measurement

Blood samples (about 4 mL) of each subject were collect-
ed by venipuncture from the antecubital vein before
breakfast. About one-half of blood was drawn into an
EDTA anticoagulation tube to measure Hb by the
hemiglobincynide (HiCN) method.'® The inter-assay vari-
ation was lower than 5% and the intra-assay variation was
lower than 10%. The remaining blood was centrifuged at
3500 rotations per minutex10 min at 4°C and then sepa-
rated immediately. The centrifuged serum samples were
transported to the laboratory away from light and stored
at -20 °C. The concentration of serum retinol was deter-
mined by using HPLC (Waters 2487UV detector USA)."
Retinol was extracted with hexane after deproteinization
with ethanol containing retinyl acetate as the external
standard and evaporated to dryness with nitrogen gas. The
residual materials were dissolved in 0.1 mL of mobile
phase which was a methanol: DH,O mixture (97:3). A
portion (20 uL) of the sample was injected into a column
(3.9x150 mm; Symmetry Shield RP;g Waters Breeze, Mil-
ford, MA, USA) installed with a high-performance liquid
chromatographic apparatus (Waters 1525 Binary HPLC
Pump, Waters Breeze). All procedures were performed in
a dark room to protect the serum from light. The concen-
tration of retinol was determined with a spectrophotome-
ter (Waters 2487 Dual 1 Absorbance Detector, Waters
Breeze) at 315 nm. Duplicate analyses were performed on
one-tenth of the samples and the estimated variability was
0.02 umol/L. The experienced examiners in the Pediatric
Laboratory of Chongqing Medical University measured
all biochemical indices.

Definition of outcomes

Z-scores were calculated according to the US CDC child
growth reference (2000) by Epi info 2002 for height-for-
age (HAZ) and weight-for-age (WAZ)."> A cut-off of less
than minus two standard deviations (-2 SD) was used to
define stunting (HAZ, -2), and underweight (WAZ, -2)."
Prevalence of anemia was determined according to the
WHO criteria,'* 1) Hb <115 g/L for 5-11-year-olds; 2) Hb
<120 g/L for 12-14-year-olds and girls more than 15 years;
3) Hb <130 g/L for boys age >15 years. According to the
WHO criteria,” a serum retinol concentration <0.7
umol/L was classified as VAD and values between 0.70
and 1.05pmol/L were defined as marginal vitamin A defi-
ciency (MVAD).
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Statistical analysis

The data entry forms were designed with Microsoft Of-
fice Excel with range and consistency checks incorpo-
rated. Statistical analysis was performed with SPSS soft-
ware version 19. Continuous variables were presented as
mean+SE while categorical variables were presented as
percentage rate. Paired-t tests were used to compare
paired data, the differences in change between two groups
were estimated with ANOVA and the percentage rates
were assessed with chi-square test. A value of p<0.05 was
considered statistically significant.

RESULTS

The characteristics of the participants

Two hundred and eighty-eight primary and middle school
students were recruited. Among the children, 35 were
excluded (3 for Hb level <60 g/L, 21 for age or sex in-
formation is not complete, 11 for recent acute disease),
and 253 children met the study inclusion criteria (101 for
supplement group, 152 for control group). About 20% (52
of 253) dropped out during the course of the study. The
dropout numbers were 25 (4 for blood drawing failure
and 21 for moving during the trial) for the supplement
group, 27 (2 for blood drawing failure and 25 for moving
during the trial) for the control group. Thus, primary out-
come measurements were obtained from 201 school chil-
dren (76 in the supplement group, 125 in the control
group).

The age (mean+SE) and ratio of boys to girls were
12.4+0.20 years and 40 to 36 in supplement group,
12.2+0.15 years and 61 to 64 in control group. Differ-
ences between groups in terms of nutritional characteris-
tics and anthropometric measurements at the beginning of
the study showed the need for adjusted comparisons (Ta-
ble 1).

Effect of intervention on biochemical parameters

The concentrations of Hb, retinol at baseline and at the
end of the study, as well as the change over 6 months of
intervention are summarized in Table 2. The concentra-
tion of Hb increased significantly (p<0.001) within sup-
plement group over the 6 months. The concentration of
retinol increased significantly in the supplement group
(»<0.001) and in the control group (p=0.003) over the
intervention period. The increase in retinol concentration
in the control group was less significant than in supple-
ment group (p=0.005; Table 3).

Table 1. The characteristics of the participants’

Effect of intervention on physical measurements

The anthropometric indices (expressed as z-scores) at
baseline, final measures and changes from baseline over
the intervention period are also presented in Table 2. The
increases in mean height-for-age during the 6 months in
each group were not big enough to be statistically signifi-
cant (Tables 2 and 3). The weight-for-age decreased sig-
nificantly in the control group (p=0.001; Table 2) but not
in the supplement group (p=0.311; Table 2).

To further explore the data, we calculated the rates. The
rates of anemia, VAD, MVAD in the supplement group
decreased significantly compared with that in the control
group (Table 4). The decrease in rates of stunting in each
group was not significant. The rates of underweight in the
control group increased but was not statistical signifi-
cance (p=0.284). After the study we found that egg and
vitamin A supplementation is an effective method to im-
prove the levels of hemoglobin, serum retinol and prevent
the deterioration of weight for the subjects. But our inter-
vention did not have a beneficial effect on linear growth.

DISCUSSION

Malnutrition is still highly prevalent in rural areas of Chi-
na because the typical diet consists of mainly cereals and
lacks the optimal diversity and quality to meet the nutri-
ent needs of most people.'® Adolescence in the life cycle
is characterized by rapid growth and maturation. At this
stage of development, the majority of adolescents also
actively engage in sports and recreational activities.
Hence, sufficient energy and nutrient intake from bal-
anced diets and are necessary for optimal growth. Lack of
nutrition source may affect nutritional status of the stu-
dents in economically challenging areas. Common nutri-
tional problems are anemia, VAD, stunting, wasting and
etc. This study was conducted in rural schools of a low
socioeconomic background in a developing country to
investigate the effect of egg and vitamin A supplementa-
tion on school children. We chose boarding schools with
cluster sampling to ensure that subjects ate school meals
during the period of 6 months. Ethical consideration pre-
cluded randomization therefore there were differences
between two groups at baseline, we adjusted baseline data
by using Multi-way ANOVA to analyze the differences of
changes between two groups.

The supplements selection
Protein (especially high-quality protein) is very important

Characteristic Supplement group (n=76) Control group (n=125)
Age, year 12.4+0.20 12.2+0.15
Sex, M,F 40,36 61,64
Hemoglobin, g/L 130+0.95 129+1.04
Serum retinol, p mol/L 0.90+0.03 1.00+0.03
Height, cm 148+0.96 142+0.83
Weight, kg 39.3+0.95 34.8+0.66
Z-scores
HAZ -0.83+0.13 -1.42+0.09
WAZ -0.92+0.14 -1.52+0.09

*Values are mean=SE.
HAZ: z-score for height; WAZ: z-score for weight.
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Table 2. Biochemical parameters and anthropometric indices at baseline, final measure, and changes due to the intervention. '

Supplement group (n=76)

Control group (n=125)

Parameters

Baseline Final Change 95%CI P Baseline Final Change 95%CI P
Hb, g/L 130+0.95 137+1.09 7.13+0.84 5.46-8.80 <0.001 129+1.04 130+1.09 1.38+1.27 -1.13-3.90 0.278
Retinol, umol/L 0.90+0.03 1.21£0.03 0.31+0.03 0.25-0.37 <0.001 1.00+0.03 1.09+0.02 0.09+0.03 0.03-0.15 0.003
HAZ -0.92+0.14 -0.86+0.13 0.05+0.07 -0.09-0.19 0.477 -1.42+0.09 -1.39+0.08 0.03+0.04 -0.05-0.11 0.497
WAZ -0.83+0.13 -0.78+0.12 0.05+0.05 -0.05-0.16 0.311 -1.52+0.09 -1.64+0.08 -0.12+0.04 -0.19--0.05 0.001
*Values are means+SE.
*Paired-t test.
HAZ: z-score for height; WAZ: z-score for weight.
Table 3. Differences between supplement group and control group in mean change in hemoglobin, serum retinol, HAZ, WAZ from baseline after 6-months intervention’
Parameters Supplement group (n=76) Control group(n=125) p
AHDb, g/L 7.13+£0.84 1.38+1.27 <0.001
Aretinol, pmol/L 0.31+0.03 0.09+0.03 0.005
AHAZ 0.05+0.07 0.03+0.04 0.319
AWAZ 0.05+0.05 -0.12+0.04 <0.001
"Mean changes +SE (follow-up minus baseline). Values are adjusted for baseline hemoglobin,
retinol, height and weight with ANOVA.
HAZ: z-score for height; WAZ: z-score for weight.
Table 4. Comparison of prevalence of anemia, VAD, MVAD, stunting and underweight from baseline to 6-month follow-up in the supplement group and the control groupt
Supplement group (n=76) Control group (n=125)
Parameters Baseline Final Change x2 p Baseline Final Change x2 p
Anemia 12 (15.8) 339 -9 (-11.9) 7.87 0.005 12 (8.8) 20 (16.0) 8(7.2) 2.29 0.130
VAD 13 (17.1) 1(1.3) -12 (-15.8) 113 0.001 13 (10.4) 8(6.4) -5(-4.0) 1.30 0.254
MVAD 41 (53.9) 16 (21.1) -25(-32.8) 37.7 <0.001 65 (52.0) 56 (44.8) -9(-7.2) 1.30 0.255
Stunting 14 (18.4) 12 (15.8) -2 (-2.6) 0.186 0.667 37 (29.6) 35(28.0) -2 (-1.6) 0.078 0.780
Underweight 11 (14.5) 9 (11.8) -2 (-2.7) 0.230 0.631 38(30.4) 46 (36.8) 8 (6.4) 1.147 0.284

*Values are n (%)
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for students in primary and secondary school, the report
of a joint FAO/WHO/UNU expert consultation suggest
that protein requirement for adolescent is about 0.9 g/kg/
d."” Egg is the best general source of protein while every
100 g egg contains 13.3 g protein, the biological value
and the digestibility of egg protein is 94% and 97%. "’

Vitamin A (VA) plays an important role in cell differ-
entiation and maturation, VAD may cause exophthalmia
and lead to blindness, anemia, limit growth, weaken in-
nate and acquired host defenses, exacerbate infection and
increase the risk of death.'® There are three major strate-
gies to combat VAD, which are food fortification, sup-
plementation with vitamin A pharmaceutical preparations
and food diversification. Each of these three strategies
has disadvantages and limitations. Many agree that food
diversification offers the best long-term approach that is
likely to be sustainable.'® But often it requires either ma-
jor change in agricultural production, including home
gardens, or in higher incomes for the poor, allied with
nutrition education. Providing VA-fortified food is a di-
rect and effective method to improve the VA nutritional
status.””** Many large-scale intervention trials showed
that high dose of vitamin A capsule supplementation re-
duced the mortality rate of 23% to 30% of children,
proved that this was a very cost-effective intervention in
low-income countries.”*** WHO recommends the doses
of vitamin A supplements as 100,000 IU at the age of 6-
11 months and 200,000 IU every 3-6 months at the age of
>12 months.” In this study, we chose 200,000IU VA
capsule and egg instead of multiple micronutrients pack-
age to prevent the malnutrition with consideration of
economic and convenient factors, and the results shows
that it was efficacious.

Effect of intervention on biochemical parameters

The results of our study revealed supplementation with
egg and vitamin A for 6 months had good effects on he-
moglobin and serum retinol levels. After intervention, the
concentration of hemoglobin and serum retinol was
markedly increased in the supplement group compared
with that in the control group. Anemia, VAD and MVAD
rates decreased by around 11.9%, 15.8%, and 32.8% in
supplement group. The effect on hemoglobin in the study
may not only be due to the protein provided by egg but
also the function of retinoid. Vitamin A has been shown
to improve hemoglobin concentrations and increase the
efficacy of iron supplementation.”® The mechanisms are
not fully understood, but are suggested to operate through
effects on transferrin receptors affecting the mobilisation
of iron stores, increasing iron absorption,”’ stimulating
erythroid precursors in the bone marrow,”® and reducing
susceptibility to infections.

Effect of intervention on physical measurements

The results showed that after the 6 months of intervention,
weight-for-age decreased significantly in the control
group but there was no significant change in the supple-
ment group. Therefore the short time supplement only
prevented the deterioration of weight-for-age but did not
improve it. Regretfully, our intervention did not change
height-for-age in each group.

Undoubtedly protein can promote adolescent growth
and development, and the negative effect of VAD on
growth and development is almost unquestionable. A
large number of animal experiments have clearly demon-
strated this point.'"® One human study also found that
stunting children with VAD experience reduced growth
hormone secretion at night.”’ But contrary to this, some
other studies have suggested that mass-dose vitamin A
had no effect on children’s anthropometry, growth ve-
locity, z-scores, or body composition compared with the
placebo-controlled group.**>?

Our result of height may be because of the following
reasons. Firstly, weight-for-age mainly reflects recent
nutritional status while height-for-age is a long-term con-
sequence of earlier malnutrition and mainly effected by
genetic factors. Karlberg analyzed the height of 3650
Swedish infants from birth to 18 years, indicated that
parental height affected on infant birth length seriously
and birth length was significantly associated with final
height.*> A Cochrane review of school feeding strategies
in older children suggests that the effect could lead to an
increase in body-mass index rather than a substantial ef-
fect on stunting.’® In the past most reports and assess-
ments of nutrition programs have focused on weight gain
rather than linear growth. In general, stunting and linear-
growth retardation are regarded as difficult to change, we
need to focus attention on interventions in pregnancy and
in young children, especially those under 24 months of
age.” Secondly, due to the financial constraints we did
not diversify the students’ diet and thirdly, the nutrition
supplement lasted a short period of time, the intervention
was not clearly effective on physical growth of school-
aged children.

There are some limitations in the current study. Be-
cause of the limited design of the original protocol, we
did not supply other micronutrient simultaneously and
evaluate some other confounding factors, such as iron,
serum zinc, or unsaturated fatty acid, CRP etc, which are
capable of affecting anemia and physical growth. The
dropout rate in our study was unexpectedly high (20%),
mainly because a portion of the enrolled school children
entered higher schools. Increasing the variety of school
foods and early nutritional interventions on pregnant
women, and infants will be important aspects in future
studies.

In summary, our results indicate that egg and vitamin
A have useful roles on hemoglobin, serum retinol, and
weight-for-age. School feeding, can be defined as the
provision of food to children through schools to improve
their attendance, achievement, growth, and other health
outcomes,”**° has a rather short history in China, but has
made great achievements during the late few years. In
long term, the first and most important task is to promote
the acts of registered school feeding system, and assist
the government to make official policies to support the
system.
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