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Abstract

Background: Thalassemia constitutes a major public health problem causing a significant burden on children and
their families. Zinc deficiency plays an important role in many thalassemia-related complications like growth
retardation, hypogonadism and delayed puberty which are frequently noted in adolescent age. Although zinc is
supplemented to thalassemic patients visiting Day Care Center, Yangon Children Hospital (YCH), Myanmar, a
report concerning serum zinc level of these patients is still lacking. This study, therefore, aimed to assess serum
zinc status in thalassemic adolescents attending Day Care Center, YCH.

Materials and Methods: This hospital-based cross-sectional study was conducted on 99 thalassemic adolescents.
Mean age of diagnosis was 5.1+2.1 years. Non-fasting serum zinc concentration was determined by atomic
absorption spectrophotometry. According to National Health and Nutrition Examination Survey data, zinc
deficiency was defined as serum zinc concentration < 66 pg/dL (female) and < 70 pg/dL (male).

Results: Serum zinc concentration (pg/dL) was 57.35 (47.30-80.14) (median, interquartile range) with maximum,
195.05 and minimum, 28.83. Zinc deficiency was observed in 69.7% (69 out of 99; 35 males and 34 females) of
the patients. The associations of zinc deficiency with gender, phenotype and the use of chelator were non-
significant (P>0.05).

Conclusion: In spite of zinc supplementation, nearly 70% of the thalassemic adolescents showed zinc deficiency.
Zinc deficiency in these adolescents might not be related to gender, phenotypes or the use of chelator. Poor
compliance to take zinc supplementation and/or irregular blood transfusion could partly be attributable to zinc
deficiency in these adolescents. Providing health education on the importance of regular intake of adequate zinc
is advisable and periodic evaluation of zinc levels is recommended for thalassemic adolescents.
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Introduction

Thalassemia, the commonest single-gene
hereditary disorders in human, affects
millions of people worldwide (1).
Thalassemia disease constitutes a major
public health problem in different regions
of the world, particularly the in Middle East
and Southeast Asia, generating a significant
burden on children and their families as
well as on the health services (2). In our
country, children with Cooley’s anemia-
like symptoms have been observed since
1954 (3). It is estimated that, each year, 250
and 260 newborns will be affected with
homozygous beta thalassemia and E-beta
thalassemia, respectively according to an

overview of Myanmar thalassemic children
based on total population of 55,746,253 (4).
Zinc, an essential trace element, is required
for the activities of over 300
metalloenzymes involved in most of major
metabolic pathways and consequently,
many body functions are affected by zinc
deficiency (5). Zinc deficiency has been
reported to play a significant role in many
common complications observed in
thalassemic patients such as growth
retardation (6), hypogonadism (6), delayed
puberty (7) and depression (8) that are
frequently reported during adolescent age.
Zinc deficiency in thalassemic children and
adolescents was reported by some previous
studies (9, 10) while others reported higher
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circulating zinc levels in thalassemic
patients compared with control subjects
(11-13).

In our country, apart from one previous
local study that illustrated zinc deficiency
in female adult patients with thalassemia
intermedia (14), information on the serum
zinc status in thalassemic adolescents is still
limited. In addition, although zinc
supplementation is now given to every
thalassemic patient visiting Day Care
Center for Thalassemia, Yangon Children
Hospital (YCH), serum zinc status in these
zinc-supplemented thalassemic adolescents
has not been evaluated. For these reasons,
this study aimed to evaluate serum zinc
status in thalassemic adolescents attending
Day Care Center, YCH.

Materials and Methods

This hospital-based cross-sectional study
was carried out at Day Care Center for
Thalassemia, YCH, Dagon Township,
Myanmar. Male and female patients
between 13-15 years of age (completed
years) with thalassemia major or intermedia
were included in our study. Mean age of
diagnosis was 5.142.1 years. Thalassemic
adolescents with current febrile condition,
with documented history of diabetes
mellitus or liver diseases or HIV infection
or those taking corticosteroid therapy were
excluded. Since there are the recommended
set values for zinc deficiency with regard to
age and gender, age- and sex-matched
control group did not include in our study.
The aim and detailed procedures of the
study were thoroughly explained to those
fulfilling inclusion criteria as well as to
their parents/guardians. Written informed
consent was taken from parents/guardians
and assent from the thalassemic
adolescents. Within the study period, from
March 2014 to December 2016, 99
thalassemic adolescents were eligible and
evaluated for zinc deficiency. This study
was approved by Research and Ethics
Committee, University of Medicine-1,
Yangon (001/UM1, REC.2013).
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Sample collection

Blood sample was collected few days
before blood transfusion or on the morning
of receiving blood transfusion. Three
mililiters (mL) of non-fasting blood was
withdrawn between 8:30 and 10:30 am.
After separating serum within two hours of
sample collection, serum was poured into
Eppendorf tubes instead of aspiration in
order to prevent hemolysis. When the
sample had visible hemolysis, it was not
used for analysis and the blood sample was
taken for the second time on the next
follow-up of the patients. Sera were stored
with code numbers at-20°C.

Within three months of sample collection,
serum zinc level was determined with
atomic  absorption  spectrophotometry
(Model-AA 6650, Shimadzu, JAPAN) at
Water and Chemical Department, National
Health Laboratory, Yangon. One mL of
serum was diluted with five mL of distilled
water. The diluted serum was then aspirated
and read by atomic  absorption
spectrophotometer at 213 nm wavelength
using air-acetylene flame with 0.2 nm slit.
Identification of zinc deficiency was based
on the suggested cut-offs of serum zinc
concentration  (morning, non-fasting)
proposed by National Health and Nutrition
Examination Survey (NHANES); 66 pg/dL
for females and 70 pg/dL for males,
respectively (15).

Statistical analysis

Statistical Package for the Social Sciences-
version 11 was used for data entry,
cleaning, summarization and analysis.
Numerical variables of the subgroups were
presented as median (interquartile range) as
they  showed skewed  distribution.
Comparisons between the subgroups were
analyzed by non-parametric test, Mann-
Whitney U test. Pearson’s chi-square test
was used to determine any association of
zinc deficiency with gender, phenotypes
and the wuse of chelator. Statistical
significance level was set at P< 0.05.
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Results

Our study included 31 adolescents with
thalassemia major (TM) and 68
adolescents with thalassemia intermedia
(TI). Mean age of the thalassemic
adolescents was 14.4 + 1.4 years. The
general characteristics of the thalassemic
adolescents are shown in Table I.

The median serum zinc concentration was
57.35 (47.3-80.14) pg/dL, maximum was
195.05 pg/dL and minimum, 28.83 pg/dL.
For evaluation of zinc deficiency, we used
different cut-offs for male and female
thalassemic adolescents (15). Thirty four
out of 55 female thalassemic adolescents
(61.8%) and 35 out of 44 male thalassemic
adolescents (79.5%) were found to have
zinc deficiency. The overall percentage of
zinc deficiency of the thalassemic
adolescents participated in our study was
69.7% (69 out of 99). Among these 69
patients, some clinical features of zinc
deficiency such as delayed puberty (82.6%

of the patients), growth retardation
(88.4%) and depression (32.2%) were
noted.

In addition, we did the subgroup division
and compared serum zinc concentrations
between these three pairs of subgroups;
female patients vs. male patients; TM
patients vs. TI patients, and patients taking
iron chelator vs. those not taking iron
chelator, respectively. No statistical
significant difference in serum zinc
concentrations was detected within these
subgroups (Figure 1).

Zinc deficiency was observed in 23 out of
31 TM children (74.2%) and in 48 out of
68 TI children (70.6%). Regarding the
third group, 42 out of 61 (68.9%) in the
thalassemic  adolescents taking iron
chelator and 27out of 38 (71.1%) in those
not taking iron chelator showed zinc
deficiency. There was no significant
association between these categorical
variables (gender, phenotype and use of
chelator) and zinc deficiency (Table II).

Table I. General characteristics of the thalassemic adolescents participated in the study

General characteristics
Age (years)
Gender
e Male
e  Female
Height (m)
Weight (kg)
BMI (kg/m?)
Phenotype
e Thalassemia major
e Thalassemia intermedia
Genotype*
e [-thalassemia
e E- [ thalassemia
e - thalassemia

Frequency (%) Mean = SD
144+14
44 (44.4)
55 (56.6)
1.4+£0.2
28.8+5.9
152+ 2.1
31(31.3)
68 (68.7)
39 (39.4)
56 (56.6)
4 (4.0

* Diagnostic genotyping was done by gel electrophoresis.
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Table 1. Associations of zinc deficiency with gender, phenotypes and use of chelator

Subgroups (Number) Zinc deficiency (%) Chi-square P value
Gender
e Male (44) 79.5
e Female (55) 61.8 3.6 0.06
Phenotype
e Thalassemia major (31) 74.2
e  Thalassemia intermedia (68) 70.6 0.17 0.74
Use of chelator
e Yes(38) 71.1
e No (61) 68.9 0.55 0.82
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Figurel.Comparisons of serum zinc concentrations between the subgroups; female patients vs. male
patients, TM patients vs. TI patients, and patients taking chelator vs. those not taking chelator

(No significant difference; P> 0.05)

Discussion

In our study, about 70% of thalassemic
adolescents were found to have serum zinc
levels below the cut-offs set for zinc
deficiency. There was neither a significant
association of zinc deficiency with gender,
genotype and the use of chelator nor a
significant difference in serum zinc
concentrations within the subdivided
groups. The finding of zinc deficiency in
the majority of the participants in our study
is in tune with reports of a previous local
study (65%) (14), a study from Iran (64%)
(9) and a study from India (65%) (10). Even
though the findings of our study and other
previous studies are compatible, percentage
of zinc deficiency found in our study is still
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higher and this could partly be due to
difference in consideration of cut-offs for
deficiency. We defined zinc deficiency
separately for males (< 70 pg/dL) and
females (< 66 pg/dL) while these studies
applied a single cut-off, 70 pg/dL for both
gender groups. Zinc supplement is now
freely available to all thalassemic
adolescents visiting the Day Care Center.
The usual recommended dose of zinc syrup
varied from 5 mL one time per day to 3
times per day in which each 5 mL of syrup
contains 10 mg of elemental zinc. It is quite
shocking that why nearly 70% of the
patients in our study showed hypozincemia
despite the administration of zinc
supplement. One plausible answer is poor
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compliance of the patients. The supplement
provided by the center usually lasts for
about one month and after that, they have to
buy themselves for remaining period till
next visit. However, in practice, the
majority of parents/guardians seem to
underestimate the importance of daily zinc
intake and make their children omit
supplementation until they received the
zinc syrup again on the next visit to the
center.  Additionally, serum  zinc
concentration itself reflects short term
changes in zinc intake. Serum zinc level can
return to basal value within four to five days
following  discontinuation of  zinc
supplementation (16). Therefore, irregular
taking of zinc supplements and short term
changes of zinc in circulation could be
contributable to the finding of low serum
zinc level. Health education is of great
importance for regular zinc intake.

If there were no providence of zinc
supplementation from the center, additional
number of thalassemic adolescents in our
study could suffer zinc deficiency. A report
from Iran by Mashhadi et al. (2014) study
(12) supported our suggestion because in
that study, the researchers already excluded
thalassemic  children  taking  zinc
supplement and noted that all 333 children
suffered zinc deficiency.

Many researchers consistently suggest that
zinc deficiency in thalassemic children can
be attributed to insufficient dietary zinc
intake (9, 10). Red meat is one of the rich
sources of zinc. Thalassemic patients
usually avoid taking red meat and such
avoidance may lead to nutritional zinc
deficiency. One limitation of our study is
unavailability of data concerning dietary
pattern and so it could not be predicted
whether individual thalassemic adolescents
took sufficient or inadequate zinc in their
daily meal.

One more important matter is that zinc
deficiency in our thalassemic adolescents
could also be due to our daily diet which
itself contains less zinc content. The staple
food in Myanmar is a grain and it is
reported that meal based largely on staple
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grains such as rice can be considered a
prime contributor to  micronutrients
deficiency including zinc (17).
International Zinc Nutrition Consultative
Group (IZiNCGQG) also states that the global
prevalence of zinc deficiency ranges from
4% to 73% and the highest prevalence is
seen in South and South-East Asia (34-
73%) (18). A population-based study is
required to determine zinc status of general
population in our country.

Some previous studies found higher serum
zinc levels in TM children compared with
control  subjects and recommended
reconsidering zinc supplementation for
these children (11, 12). On the contrary,
Keikhaei et al. (2010) (19) and Naji et al.
(2012) (20) gave a common conclusion that
TM children were suffering from
hypozincemia. In our study, nearly 75% of
TM adolescents showed zinc deficiency
and, at the same time, about 70% of TI
adolescents exhibited the deficiency. Moafi
et al. (2008) (8) stated that zinc deficiency
was not dependent on phenotypes but on
the condition whether blood transfusion
was regular or not. At the Day Care Center
for  Thalassemia, @ YCH,  although
transfusion regime is well established,
many patients fail to do regular follow up
and transfusion has to be given only when
there is symptomatic anaemia. Hence,
another possible reason for hypozincemia
detected in both TM and TI adolescents in
our study could be irregular blood
transfusion.

Although serum zinc concentrations
between gender were not significantly
different, deficiency of zinc was more
frequent in male thalassemic adolescents
and this finding was in accordance with that
of Bekheirnia et al. (2004) (21). In addition,
there was no association between gender
and zinc deficiency of thalassemic
adolescents and this finding also agrees
with that of a study performed by Mansi et
al. (2009) (11). In contrast, a significant
gender difference in serum zinc levels was
reported by studies of Keikhaei et al. (2010)
(19) and Mashhadi et al. (2014) (12).
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The Day Care Center for Thalassemia,
YCH, is currently using an oral iron
chelator, Deferiprone, for the reduction of
iron overload. Depending on serum ferritin
concentrations, Deferiprone is
administered to those having iron overload
and doses ranges from 250 mg one time per
day to 500 mg two times per day. Evidences
shows that low zinc concentration is not a
common problem in thalassemic children
treated with Deferiprone (22) and that long-
term Deferiprone intake causes only a slight
decrease in zinc concentration and the mean
value found remained within the normal
reference range (23, 24). It could explain
the finding of no association between the
use of iron chelator and zinc deficiency in
our patients.

Milne et al. (1984) studied the effect of folic
acid supplementation on some trace
elements (zinc, copper and iron) absorption
and excretion and concluded that
supplementation of folic acid influences
zinc  homeostasis, perhaps through
formation of an insoluble chelate and the
impairment of absorption (25). This could
add as another factor responsible for zinc
deficiency found in the patients of our study
because all of them get folic acid therapy
continuously.

Conclusion

In conclusion, nearly 70% of the
thalassemic adolescents showed zinc
deficiency in spite of zinc supplement. Low
serum zinc status in our patients could not
be related to gender, phenotypes and
chelator use. Irregular blood transfusion
and intermittent zinc intake could partly be
responsible for this finding of zinc
deficiency. Moreover, daily intake of folic
acid supplementation and nutritional
deficiency may also partly cause zinc
deficiency in these patients. Nevertheless,
additional studies are required to verify
these possibilities.

It is recommended to give health education
regarding the importance of regular zinc
supplement. Periodic evaluations of zinc
status in zinc-supplemented thalassemic
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patients are also necessary and reevaluation
of dosage of zinc supplements should be
individualized based on degree of zinc
deficiency.
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