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Objective: To assess the micronutrient status and its relationship with nutritional status in preschool children.
Methods: In a cross sectional study, anthropometric data and fasting blood samples were obtained from 340 chil-
dren attending preschool in urban Sri Lanka. Serum concentrations of vitamin D, parathyroid hormone, vitamin A,
zinc and haemoglobin were measured. Z-scores of anthropometric indices of height-for-age, weight-for-age and
weight-for-height were computed to evaluate the nutritional status. Results: Prevalence of stunting, underweight,
wasting and anaemia among children were 7.1%, 16.9%, 21.2% and 7.4%, respectively. Deficiencies of zinc and
vitamin A occurred among 67% and 38% of children, respectively. Vitamin D deficiency (<10 ng/mL) and insuf-
ficiency (10-20 ng/mL) occurred in 5.0% and 29.1% of children, respectively, and12% had parathyroid hormone
levels indicative of hypocalcaemia. Nutritional status was significantly correlated (p<0.05) with vitamin D status
[height-for-age (r=0.10), weight-for-age (r=-0.18), weight-for-height (r=-0.12)], and with haemoglobin status
[weight-for-age (r=0.11)]. Zinc and vitamin A levels were lower in severe stunting compared with normal height
(»<0.05). Significant correlations (p<0.05) were observed between vitamin D and parathyroid hormone (r=-0.12)
and between haemoglobin and vitamin A (r=0.01), zinc (r=0.02) and vitamin D (r=0.02) levels. Conclusions: In
the surveyed population, zinc deficiency was high and to a lesser degree vitamin A deficiency and vitamin D in-
sufficiency prevailed. The nutritional status of the children was related to vitamin D status and with haemoglobin
status. Zinc and vitamin A levels were low in children with severe stunting. Vitamins A, D and zinc levels were

associated with haemoglobin status.
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INTRODUCTION

Micronutrient status in children is of particular interest
since they can affect health outcomes such as growth,
immune competence, cognitive and physical develop-
ment." Micronutrient deficiencies are common in many
developing countries and are typically due to inadequate
food intake, poor dietary quality, poor bioavailability
and/or the presence of infections.”® While the role of
macronutrients in physical growth is well established, the
roles of micronutrients are less obvious, thus earning the
name “hidden hunger”. Micronutrient deficiencies are not
clinically identifiable until late stages, which could last
for a long period of time and lead to many lasting conse-
quences. Therefore, a comprehensive assessment of the
micronutrient status of children is a priority.

In Sri Lanka, childhood under nutrition is still a major
public health problem. According to a survey conducted
at the national level in 2012, prevalence of stunting, un-
derweight and wasting of children under five years were
13.1%, 23.5% and 19.6%, respectively.* Several targeted
interventional programmes have been implemented at the
national level to improve these indices of nutritional

status. Although micronutrient deficiencies are a signifi-
cant cause of under nutrition, adequate attention has not
been given to investigate the micronutrient status among
preschool children in Sri Lanka. Most studies on micro-
nutrient status in this age group have often been limited to
vitamin A deficiency (VAD),™® and iron deficiency
anaemia (IDA).*” While VAD and IDA remain signifi-
cant public health concerns, it is important to recognize
other micronutrient deficiencies such as vitamin D, calci-
um and zinc which could impair the growth potential of
children.® To our knowledge, there is only one communi-
ty based study which had reported co-existent multiple
micronutrient deficiencies in Sri Lankan preschool chil-
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dren.’ The present study was therefore designed to inves-
tigate the status of some key micronutrients (vitamin D,
vitamin A, zinc, parathyroid hormone as a surrogate
marker of calcium), haemoglobin status, their inter-
relationships and their relationship with the nutritional
status in preschool children in urban Sri Lanka.

METHODS

Study area and subjects

In a cross sectional study, a total of 340 apparently
healthy children (172 girls and 168 boys) aged 2-5 years
were selected by cluster sampling from the Ragama Med-
ical Officer of Health (MOH) area. Ragama is an urban
area located in the Western province of Sri Lanka twenty
kilometres to the north of Colombo, the capital city of Sri
Lanka. Children with chronic or recent illnesses and con-
suming micronutrient supplements were not included in
the study. Socio-demographic profiles of the children and
their families were obtained from parents/guardians at
enrolment using an interviewer administered question-
naire.

Ethical consideration

The Ethical Review Committee of Faculty of Medicine,
University of Kelaniya, granted approval for the study.
Informed written consent was obtained from the parents
or guardians of the children registered for the study.

Nutritional assessment

Body weight was determined to the nearest 0.1 kg on an
electronic digital scale and height was measured to the
nearest 0.1 cm by the anthropometric rod. Age was calcu-
lated from the child’s birthday taken from the Child
Health Development Record (CHDR). Z-scores for
weight-for-age (WAZ), height-for-age (HAZ) and
weight-for-height (WHZ) were derived from Epi info and
WHO Anthro Plus softwares.'’ A Z-score <-2.0 from the
reference median was used to define underweight, stunt-
ing and wasting/thinness respectively.

Determination of micronutrients in serum

Five mL blood samples were collected after an overnight
fast from the median-cubital vein under aseptic conditions
using disposable needles connected with polypropylene
tubes. Hemoglobin (Hb) level was measured at the time
of blood collection by Hemocue® field device. All tubes
were kept in dark boxes and allowed to clot and centri-
fuged to extract the sera at 5000 g for 10 mins, within 4

hours. Aliquots of sera were stored at -40°C until analysis.

Serum vitamin A levels were measured by reverse phase
High Performance Liquid Chromatography (Waters®,
UK) according to the method of Bieri et al'' with a Cg
column (Waters, UK), mobile phase of methanol: water
(95:5) and was detected at 325 nm in a ultra violet detec-
tor. Serum vitamin A concentrations were calculated from
the standard curve (produced with standard retinol) with
the correction of percentage loss using the internal stand-
ard (retinyl acetate). Serum vitamin D levels were deter-
mined as 25(OH)D in serum by a chemiluminescent im-
munoassay (Diasporin Liason, USA). Vitamin D analysis
was outsourced to a private hospital laboratory with in-
ternational quality control Certificate of Accreditation

(ISO 15189). Serum parathyroid hormone (PTH) levels
were measured on Immulite®/Immulite® 1000 systems
for intact PTH by a solid-phase, two-site chemilumines-
cent enzyme-labeled immunometric assay.'> The reagents
were provided by Siemens Healthcare Diagnostics Prod-
ucts Ltd., UK. Secretion of PTH is controlled chiefly by
serum calcium concentration through negative feedback
leading to an inversely proportional relationship with cal-
cium.” Serum Zn levels were measured by flame atomic
absorption spectrometry (GBC-1312) at 214 nm wave-
length using a standard procedure.'*

The following cut off values were used to define the
respective micronutrient deficiency states: vitamin A<20
ng/dL,>" vitamin D deficiency<10 ng/mL, vitamin D
insufficiency 10-20 ng/mL),'® Zinc <9.9 pmol/L."”
Anaemia was defined as hemoglobin level <11.0 g/dL,"®
and PTH levels >65 pg/mL as an indicator of serum ionic
calcium deficiency."

Statistical analysis

Data was analyzed using SPSS version 16 statistical
package (SPSS, Inc, Chicago, IL, USA). All micronutri-
ent levels were normally distributed by one-sample Kol-
mogorov-Smirnov test. Comparisons of serum levels of
the micronutrients in different categories of nutritional
status were performed using one-way-ANOVA. Linear
regression analysis was used to assess the correlation be-
tween two continuous variables. Independent sample t-
tests were used to compare the prevalence of deficiencies
and their differences between groups. The significance
level was set at p<0.05.

RESULTS

The study sample consisted of 340 children between two
to five years of age. There were almost equal proportions
of females (50.6%, n=172) and males (49.4%, n=168) and
there was no significant difference in the mean age be-
tween genders (p=0.88).

Table 1 presents the nutritional status of the children.
The mean Z-scores of weight-for-height (WHZ), height-
for-age (HAZ) and weight-for-age (WAZ) were -
1.33£1.05, -0.1542.78 and 0.82+1.92, respectively, and
no significant differences were found between genders
(»>0.05). The prevalence of wasting, stunting and under-
weight among the children were 21.2%, 7.1% and 16.9%,
respectively. Although stunting was slightly higher
among the boys (7.7%) than in girls (6.4%), wasting and
underweight were comparable between the genders. None
of the children were overweight or obese.

The biochemical indices of micronutrient status are
given in Table 2. The mean serum levels of vitamin A,
vitamin D, parathyroid hormone (PTH), zinc and haemo-
globinin the study population were 23.1+£8.89 pg/dL,
23.5+8.97 ng/mL, 26.5£18.4 pg/mL, 9.94+4.58 umol/L
and 11.6+3.24 g/dL, respectively. There was no statistical
significance between the mean levels of any of the above
parameters between genders (p>0.05). Zinc deficiency
was the most prevalent micronutrient deficiency among
the children (67%), with 69% of the girls and 65% of the
boys being zinc deficient when a cut off of 9.9 pumol/L
was used (p>0.05). 38% each in both genders were found
to be vitamin A deficient. Nearly one third of the sample
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(32% of boys and 27% of girls) had vitamin D insuffi-
ciency (10-20 ng/mL) and 5% of the children (4.8% boys
and 5.2% girls) had vitamin D deficiency (<10 ng/mL)
(»>0.05). This study was the first to document the serum

PTH levels in this age group of the Sri Lankan population.

Serum PTH level was measured as a surrogate marker of
serum ionized calcium level. Using the reference range of
10-65 pg/mL, the majority of the children (88%) had
normal serum PTH levels, with mean levels of 25.2+18.4
pg/mL and 27.8+18.4 pg/mL in boys and girls respective-
ly (p>0.05). The prevalence of anaemia (Hb<11.0 g/dL)
was marginally higher among the boys (7.7% vs 7.0%,

p>0.05). Of the anaemic children, 56% had vitamin D
deficiency and vitamin A and zinc deficiencies were
found in 60% each (data not shown).

Table 3 shows the mean levels of the biochemical indi-
ces of micronutrient status in relation to the nutritional
status (WHZ, HAZ and WAZ) each classified as normal
(+2SD), moderate (-2SD>Z-score>-3SD) and severe (<-
3SD). The mean vitamin D levels were significantly dif-
ferent among different levels of wasting (p<0.05), stunt-
ing (p<0.05) and underweight (p<0.01). The mean vita-
min D levels increased with increasing levels of wasting
and underweight but decreased with increasing levels of

Table 1. Nutritional status of the children in the study

Boys (n=168) Girls (n=172) Total (n=340)

Nutritional status Z-score <-2SD Z-score<-2SD Z-score<-2SD

Mean+SD n (%) Mean+SD n (%) Mean+SD n (%)
WHZ -1.15+1.05 35(20.8) -1.11£1.96 37 (21.5) -1.33+1.05 72 (21.2)
HAZ -0.17+2.44 13(7.7) -0.13£3.08 11(6.4) -0.15+2.78 24 (7.1)
WAZ 0.85+1.68 27 (16.1) 0.7942.13 29 (16.7) 0.82+1.92 56 (16.9)
*p>0.05 between genders.
WHZ: weight-for-height Z-score; HAZ: height-for-age Z-score; WAZ: weight-for-age Z-score.
WHZ<-2SD (wasting), HAZ<-2SD (stunting), WAZ<-2SD (underweight).
Table 2. Biochemical indices of micronutrient status of the children in the study
Boys Girls Total
Analytes * Deficiency * Deficiency Deficiency
Mean+SD n (%) Mean+SD n (%) Mean+SD n (%)
Vitamin A (pg/dL) 23.349.13 64 (38.0) 22.8+8.68 66 (38.4) 23.1+8.89 130 (38.2)
Vitamin D (ng/mL) 23.5+9.31 53 (31.5)" 23.5+8.64 46 (26.7) 23.5+8.97 99 (29.1)"
8 (4.8)" 9 (5.2)" 17 (5.0)°
PTH (pg/mL) 25.2+18.4 20(11.9)° 27.8+18.4 21(12.2)° 26.5+18.4 41 (12.06)°
Zinc (umol/L) 9.77+4.12 109 (64.7) 10.1£5.04 118 (68.6) 9.94+4.58 227 (66.7)
Haemoglobin (g/dL) 11.6+£3.19 13 (7.7) 11.6+£3.29 12 (7.0) 11.6+3.24 25(7.4)

*p>0.05 between genders in all analytes.
Definitions of deficiency parameters; vitamin A <20 pg/dL; Tyitamin D insufficiency 10-20 ng/mL; *vitamin D deficiency <10 ng/mL;
SPTH (parathyroid hormone) >65 pg/mL; n (%) indicative of hypocalcaemia ; zinc <9.9 pmol/L; haemoglobin <11.0 g/dL.

Table 3. Biochemical indices of micronutrient status (mean+SD) in relation to nutritional status of the children in the
study

n (%) Vitamin A Vitamin D PTH Zinc Haemoglobin
(ng/dL) (ng/mL) (pg/mL) (umol/L) (g/dD)

WHZ

Severe wasting* 17 (5) 21.7+9.32 28.7+10.5 22.2+15.7 9.62+1.41 10.1+4.89

Moderate wasting® 55(16.2) 22.9+£7.59 24.449.14 24.1£18.5 9.80+4.02 11.6+£2.92

Normal’ 268 (78.8) 23.245.87 22.9+8.71 27.2418.5 10.1+4.92 11.7£3.11

Total 340 (100) 23.1+8.89 23.5+8.96" 26.5+18.4 9.96+4.66 11.6+3.03
HAZ

Severe stunting* 9(2.7) 16.0£5.827  23.1£10.7 26.9+18.5 9.18+1.89" 9.63+5.63

Moderate stunting® 15(4.4) 21.1£7.66 27.1£7.88 18.9+16.4 9.95+4.84 11.4+£3.25

Normal’ 316 (92.9) 23.3+8.96 28.9+8.90 23.6+18.7 10.5+1.97 11.743.15

Total 340 (100) 23.1+8.89 23.5+8.96" 26.5+18.4 9.96+4.66 11.6+3.03
WAZ

Severe underweight* 15(4.4) 22.1+8.25 28.5+8.96 19.9£16.0 9.11+1.39° 8.83£5.57

Moderate underweight® 41(12.1) 22.8+7.17 25.2+7.35 23.6+14.5 9.99+3.41 11.5+£3.38

Normal’ 284 (83.5) 23.249.19 23.0+£11.3 27.2+19.0 10.1+4.92 11.8+3.00

Total 340 (100) 23.148.89  23.548.96"  26.5+18.4 9.96+4.66 11.6+3.03"

p values (one-way-ANOVA) <0.05", <0.01"" for the comparison between categories of nutritional status.

1p<0.05 versus normal

WHZ: weight-for-height Z-score; HAZ: height-for-age Z-score; WAZ: weight-for-age Z-score. PTH: parathyroid hormone.
'Z-score <-3 SD; 28D >Z-score > -3SD; 7-score £2SD.
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Figure 1. % prevalence of micronutrient deficiencies among
children in the study

stunting. Although not statistically significant the mean
levels of serum PTH had a trend opposite to that observed
with vitamin D and nutritional status. The mean haemo-
globin levels significantly decreased with increasing un-
derweight (p<0.05), and 72% of the anaemic children
were found to be underweight. With increasing levels of
wasting, stunting and underweight, decreasing mean lev-
els of serum vitamin A and zinc were observed, although
statistical significance differences (p<0.05) were found
only between severely stunted and normal height group
with respect to vitamin A and severely stunted and se-
verely underweight groups when compared with the re-
spective normal groups for mean zinc levels.

Table 4 shows the correlations between the biochemi-
cal indices of micronutrient status and nutritional status.
In linear regression analysis vitamin D levels showed a
significant positive correlation with HAZ scores (r=0.10,
p<0.05) and significant negative correlations with WAZ
(r=-0.18, p<0.05) and WHZ scores (r=-0.12, p<0.05).
Haemoglobin levels were significantly and positively
correlated with WAZ scores (r=0.11, p<0.05). Inter-
correlations between indices of micronutrient status (Ta-
ble 5) revealed a significant negative correlation between
vitamin D and PTH levels (r=-0.12, p<0.05) and haemo-
globin correlated positively and significantly with vitamin

D (r=0.02, p<0.01), vitamin A (r=0.01, p<0.05) and zinc
(r=0.02, p<0.05).

Figure 1 shows the prevalence of multiple
micronutrient deficiencies in the sample studied. None of
the children were free of from any micronutrient
deficiency investigated. Except for a very small
proportion (8%), the majority of the children had two or
more micronutrient deficiencies.

DISCUSSION

In general, the majority of preschool children in the sam-
ple had normal nutritional status with only 25.3% having
some form of malnutrition. Chronic malnutrition was low
with 94% of the girls and 92% of the boys having normal
height-for-age. Based on the classification criteria for
assessing severity of growth deficits,” prevalence of un-
derweight (16.7%) and wasting (21.5%) in the sample
were “moderate” and “very high” respectively. These
data may indicate that acute malnutrition is a more preva-
lent nutritional problem among preschool children in
Ragama MOH area of Sri Lanka. A similar trend was
observed at the national level survey conducted in 2013
where the prevalence of stunting showed a decline
(13.1%) from previous years, but underweight (23.5%)
and wasting (19.6%) remained major public health prob-
lems among preschool children.” This indicated the need
for effective interventional programmes to reduce malnu-
trition on a priority basis.

Vitamin D deficiency was low (5%), although nearly a
one third had had vitamin D insufficiency (29%). This
finding was unexpected, since Sri Lanka is a tropical
country located at latitude between 6 and 10 degrees in
the Northern Hemisphere with sufficient UV-B radiation
throughout the year. Studies evaluating the vitamin D
status in the Sri Lankan populations are scarce, but there
is increasing evidence of hypovitaminosis D from other
countries in the South Asian region.*"*

A key finding of the present study relating to vitamin D
status was its relationship with the height and weight of
children (Table 3). Serum vitamin D levels significantly
decreased with increasing levels of stunting, which indi-
cated the well recognized role of vitamin D together with
calcium in skeletal growth of children. Serum vitamin D

Table 4. Correlation coefficients (r) between nutritional status and indices of micronutrient status

Vitamin A Vitamin D PTH Zinc Haemoglobin
WHZ 0.22 (0.23) -0.12 (0.04): 0.32(0.32) 0.11(0.34) 0.23 (0.1 1)*
WAZ 0.12(0.21) -0.18 (0.04)* 0.21(0.21) 0.19 (0.26) 0.11 (0.03)
HAZ 0.21 (0.34) 0.10 (0.04) 0.11(0.23) 0.13 (0.15) 0.12 (0.12)
Results presented as r (p-value), *p< 0.05.
WHZ: weight-for-height Z-score; HAZ: height-for-age Z-score; WAZ: weight-for-age Z-score; PTH: parathyroid hormone.
Table 5. Correlation coefficients (r) between indices of micronutrient status

Vitamin D PTH Zinc Haemoglobin

Vitamin A 0.25 (0.54) -0.32 (0.80)* 0.21 (0.45) 0.01 (0.04)" I
Vitamin D -0.12 (0.04) 0.13 (0.34) 0.02 (0.003)
PTH -0.20 (0.23) -0.32 (0.82)*
Zinc 0.02 (0.04)

Results presented as r (p-value), *p< 0.05, **p<0,01, PTH: parathyroid hormone.
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status significantly increased with increasing thinness
(wasting) and underweight as indicated by the decreasing
WHZ and WAZ scores respectively. Overall, children
with higher serum vitamin D levels were taller and thin-
ner. In recent literature many studies have reported that
overweight and obesity are associated with low vitamin D
status in both children and adults.”** Although the mech-
anistic basis is not clearly defined, it is hypothesized that
vitamin D after absorption is sequestered and stored in
adipose and muscle tissues and then released slowly into
the circulation.”>** However, vitamin D may increase
lean body mass and inhibit the development of adipo-
cytes.”” Leaner individuals have been shown to have
higher serum vitamin D status than heavier individuals.”
Further to this, serum vitamin D levels had a significant
inverse correlation with serum PTH, the surrogate marker
of serum ionic calcium. This indicated that with increas-
ing vitamin D levels, serum calcium levels also increased.
Emerging evidence suggests a mechanistic role for calci-
um and vitamin D in the regulation of body weight and
composition through thermogenesis, fat oxidation and
satiety control.”>*° While it is clear that both calcium and
vitamin D contribute to an anti-obesity effect they also
play many other biological roles in the body. Therefore,
defining the adequacy of each nutrient alone, or in com-
bination, for nutrients facilitate the full growth potential
in childhood warrants further investigation.

The present study also reported a high prevalence of
zinc deficiency (67%) among preschool children, which
may have far-reaching implications on growth and devel-
opment. Although information on zinc status in Sri
Lankan children is limited, in two other studies conducted
in southern Sri Lanka, 50% of the preschool children and
55% of adolescents were found to be zinc deficient using
the same cut-off used in the present study.””' These fig-
ures are much higher than the level set by the Internation-
al Zinc Nutrition Consultative Group (IZiNCG) as an
indicator for the need of a national interventional pro-
gramme to improve zinc status.”> Children with normal
zinc status had higher z-scores for WHZ, WAZ and HAZ
than zinc deficient children, although no statistically sig-
nificant correlation was found between zinc status and
anthropometric indices. The importance of zinc in growth
and development of children is well known, and several
previous studies have demonstrated that zinc supplemen-
tation improved growth in children.** Low intake of
dietary zinc per se rather than poor bioavailability was
probably the main factor responsible for low zinc status
of these children. Rice-based diets with few animal
source foods are likely to be low in absorbable zinc and
may not be adequate to improve the zinc status to support
growth. Our findings highlight the need for intervention
strategies to improve the zinc status in children through
zinc supplementation and fortification.

The prevalence of vitamin A deficiency in the study
sample (38%) was higher than the value reported for this
age group (30%) in the national survey of vitamin A sta-
tus.’ In the present study, mean serum vitamin A levels
decreased with increasing levels of stunting, underweight
and wasting although statistically significant correlations
were not found. Severely stunted children had the lowest
mean level of serum vitamin A (16 pg/dL) when com-

pared with the mean vitamin A levels of all other catego-
ries of nutritional status. This finding is in agreement with
several other cross sectional studies which have linked
vitamin A deficiency to a greater risk of stunting.”>*® In
some other studies, effects of supplementation of vitamin
A on linear growth has been found to be variable indicat-
ing that vitamin A needs to be considered as a part of a
group of coexisting factors which modify growth.’’?’
Although vitamin A mega dose supplementation at 6
month intervals among preschoolers was a component of
the national child health programme since 2008 in Sri
Lanka, it had not yet reached the desirable outcome.
Therefore the importance of more effective interventional
strategies in improving the vitamin A status in children is
emphasized.

The present study reported a prevalence of anaemia of
7.4%, which is lower than the national average preva-
lence (15.1%) reported in 2012. Haemoglobin level had a
positive and a significant correlation with WAZ scores,
with severely underweight children having the lowest
mean haemoglobin level (8.8 g/dL).The positive associa-
tion between haemoglobin level and growth of children
has been shown in many studies.””*' The majority of
anaemic children in our study were deficient in vitamin A,
vitamin D and zinc indicating the importance of multiple
micronutrients in maintaining haemoglobin status. The
mechanisms by which zinc and vitamin A may affect
haemoglobin concentrations have been discussed in pre-
vious studies.*** It has been shown by intervention stud-
ies that supplementation of either nutrient alone or in
combination with iron relative to iron alone improved the
hematological response in young children.***® Although
weak, a significant correlation (r=0.02, p=0.003) was
observed between haemoglobin and vitamin D levels in
our study, which may indicate a role of vitamin D in
haemoglobin synthesis. This finding is supported by other
studies in which vitamin D deficiency has been shown to
be associated with increased risk of anaemia in children,*’
and thereby suggesting a role of vitamin D in the bone
marrow and in erythopoiesis.*®

Of concern in this study is that the majority of pre-
school children (92%) suffered from two or more co-
existing micronutrient deficiencies. Although nearly a
75% of the children had normal nutritional status with
respect body weight and height, micronutrient malnutri-
tion is a hidden but a major health problem among these
children. Several other studies including one from South-
ern Sri Lanka have also reported that two thirds or more
of preschoolers suffer from co-existing micronutrient
deficiencies, indicating the wide-spread nature of the is-
sue.”* Multiple micronutrient deficiencies or “hidden
hunger” in early childhood can lead to lasting and damag-
ing consequences not only on health but also on learning
ability and productivity later in life. A limitation of the
present study was that serum ferritin levels were not de-
termined in anaemic children. Although the prevalence of
anaemia was low in the study, such data would have been
useful in determining the actiology of anaemia in children.

In conclusion, our findings reveal that nutritional status
of preschool children is affected by micronutrient and
haemoglobin status. Significant relationships were found
between serum vitamin D status and height-for age,
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weight-for age, weight-for-height of children, and be-
tween haemoglobin level and weight-for age of children.
Vitamin A and zinc levels may affect linear growth. The
findings also highlight affects of vitamin D, vitamin A
and zinc on the plasma haemoglobin level. The study
identifies a high prevalence of zinc deficiency and to a
lesser degree prevalence of vitamin A deficiency and vit-
amin D insufficiency, either individually or concomitant-
ly among urban preschool children in Sri Lanka. The re-
sults presented here calls for coordinated and sustainable
interventional programmes to reduce multiple micronutri-
ent deficiencies towards optimizing full growth potential
among preschool children.
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