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Abstract

Background: There have been very few studies, with contradictory results, on the zinc status of children and adolescents
with type-1 diabetes mellitus. The objective of this cross-sectional study was to determine zinc status based on the serum
zinc concentration in type-1 diabetic children and adol escents and compare it with that of heathy controls.

M ethods: Thirty children and adol escents with type-1 diabetes mdllitus, aged 6 to 18 years, and 30 age- and sex-matched
hedthy controls participated in the study. Serum zinc, fasting blood sugar, hemoglobin A, and serum albumin were meas-
ured by flame atomic absorption spectrophotometry, enzymatic colorimetry, ion-exchange chromatography and colorimetry
using bromocresol green methods, respectively.

Results: No statistically significant difference was found in the mean serum zinc concentration between diabetic patients
and healthy controls (111.0 £ 3.1 and 107.1 + 3.8 mg/dl respectively, P= 0.4). No corrdations were found between the se-
rum zinc levels and fasting blood sugar, hemoglobin A, or the duration of the disesse in the patients.

Conclusion: The zinc levels of diabetic children and adolescents are not noticeably different compared to those of hedthy

controls and are independent of glycemic control and the duration of the disease.
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Introduction

Several studies have shown changes in zinc
status and metabolism in both type-1 and type-2
diabetes mellitus patients (1-3). Some investi-
gators have reported unusual urinary zinc ex-
cretion in both types (4-6) and, consequently,
considered the possibility of its deficiency.
However, zinc deficiency in digbetic patients
has not been well demonstrated (7).Zinc is an
essential trace element with a vita role in
metabolism, particularly as a cofactor of many
enzymes, required for natural metabolic
processes, growth and development. Therefore,
it is of great importance in childhood and ado-
lescence (8, 9). Reports in the literature on the
zinc status of children and adolescents with
type-1 diabetes mellitus (T1DM) are limited

and contain contradictory results. Some investi-
gators have shown decreased serum zinc con-
centrations (10, 11), while others have found
elevated levels (12, 13), as compared to non-
diabetic controls; a few have observed no
changes (14, 15). No study has been reported
to date on the zinc status of children and
adolescents with T1DM in Iran, alarge country
greatly varied with regard to ethnic, genetic,
environmental, ecological and dietary
characterigtics. The objective of this study was
to determine zinc status based on the serum
zinc concentration in children and adolescents
with T1IDM and compare it with that of healthy
controls.
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Materials and M ethods

Study design

Thirty children and adolescents with T1DM
(diagnosed by a pediatric endocrinologist), 6 to
18 years old (patient group), including 13 girls
and 17 boys and 30 weight-, height-, body mass
index-, age- and sex-matched heathy children
(control group) participated in this cross-
sectional study. The patients were randomly
selected from among those with active files in
Namazi Medical Teaching Center, one of the
main teaching hospitals of Shiraz University of
Medical Sciences in Shiraz, Iran. They had no
other systemic disease and were taking no
medication that would interact with zinc
metabolism; they were taking only insulin. The
controls were apparently healthy children
taking no zinc supplement. None of the
paticipants had taken vitamin and minera
supplements for at least 3 months before
initiation of the study.

Measurements

Fasting blood samples were taken from al par-
ticipants at 7:30 A.M. and analyzed for serum
zinc, fasting blood sugar (FBS), hemoglobin
A (HbA1) and serum abumin. Serum zinc,
FBS, HbA1. and serum albumin were measured
by flame atomic absorption spectrophotometry,
enzymatic colorimetry, ion-exchange chroma
tography and colorimetry using bromocresol
green, respectively. Since energy and nutrient
intakes may affect the serum zinc concentra-
tion, the daily energy and nutrient (protein, fi-
ber, calcium, iron, zinc) intakes were measured
using three 24-hour dietary recalls (2 week days
and a holiday) and the food processor 2 (FP2)
software.

Ethical considerations

Informed consent was taken from the parents,
and the protocol was approved by the Ethics
Committee of the Nutrition and Biochemistry

Department, School of Public Heath, Tehran
University of Medical Sciences, Tehran, Iran.

Statistical analysis

Data are expressed as mean and standard error
of mean (SEM). For inter-group comparison of
the variables the independent t-test was used. If
the data were skewed but other criteria were
met, nonparametric Mann-Whitney U test was
used to detect differences between groups. The
correlation test and Pearson coefficient were
used to determine the association between se-
rum zinc levels and FBS, HbA ;. or the duration
of diabetes. Statistical analyses were performed
using SPSS 11.5. A value of P<0.05 was
considered as significant in dl statistical
analyses.

Results

No differences were found between the patient
and the control groups with respect to weight,
height, body mass index or dietary energy,
protein, cacium, fiber, iron or zinc intakes.
Mean values for HbA;, FBS, serum abumin,
and the duration of diabetes of the patients and
controls are shown in Table 1. As expected, the
FBS and HbA . levels were significantly higher
in the diabetics. The serum albumin level was
not significantly different between the two
groups. Further analysis of the data showed no
statistically significant difference in serum zinc
levels between diabetic patients and heathy
controls. Also, subdividing the data according
to sex showed no significant difference in se-
rum zinc levels between patient and control
groups (Table 2). Serum zinc levels in both the
patients and the controls were in the normal
range (only one healthy control had serum zinc
deficiency (<70 mg/dl)). Dietary intake data
showed that, as compared to RDA, 62.1% of
the patients and 60% of the controls had a low
zinc intake. No correlations were found be-
tween the serum zinc levels and FBS, HbA; or
the duration of the disease in diabetic patients.
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Table 3 shows the serum zinc concentration in
diabetic patients according to glycemic control
and the duration of diabetes. No statistically
significant difference was found in serum zinc
levels between the patients with good glycemic

control (HbA1c < 9%) and those with poor gly-
cemic control (HbAlc > 9%). Nor was there
any difference with regard to the duration of the
disease (<1 year and >1 year).

Table 1: HbAlc, FBS and serum albumin in diabetic patients and healthy controls and the duration of
diabetesin patients

Diabetic patients

Healthy controls

P-value
Mean + SEM Mean + SEM
Hb1Ac (%) 87+04 65+0.1 <0.001
FBS (mg/dI) 2219+ 209 826+18 <0.001
Serum albumin 4.8 +0/05 49+0.1 0.2
(o/di)
The duration of 305+47 - -

diabetes (month)

HbA1c, Hemoglobin A
FBS, Fasting blood sugar
SEM, Standard error of mean

Table 2: Serum zinc concentration in diabetic patients and healthy controls

Diabetic patients

Healthy controls

P-value
Mean + SEM Mean + SEM
Mae 1128+ 4.8 109.8 + 4.6 0.6
Serum
zinc Female 1085+ 35 103.6+ 6.6 0.5
(mg/dl)
Totd 111.0+ 3.1 107.1+ 3.8 0.4

SEM, Standard error of mean
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Table 3: Serum zinc concentration in diabetic patients according to glycemic control and the duration of

diabetes.
Serum zinc
el P-value
N Mean £ SEM
. HbA1c<9% 20 1131+33
Glycemic
control

HbA1c> 9% 10 106.7 £ 6.6 04

The duration <1 year 10 111.6+5.8
of diabetes >1 year 20 1106 +37 08

N, number of cases
SEM, Standard error of mean
HbA ., Hemoglobin A,

Discussion

In this study no statistically significant differ-
ence was found in serum zinc levels between
children and adolescents with TIDM and
healthy controls. Several studies on animal
models of diabetes and humans with diabetes
have been reported in the literature in which
plasma or serum zinc concentration has been
used as an indicator of zinc status, but the re-
aults have been contradictory (3,16-19). Fur-
thermore, there are very few studies specifically
on children and adolescents with T1DM, and
these studies show contradictory results (10-
15). Our results confirm the findings of some
studies (14, 15), in which no difference in
serum zinc concentration was observed between
children and adolescents with T1DM and
healthy controls. However, some investigators
have reported lower (10, 11) or higher (12, 13)
serum zinc levels in T1DM children. Probable
reasons for these contradictory findings could
be differences in the presence or absence of
glycemic control, duration of diabetes, or the
amount of zinc intake among the patients.
However, in this study no correlations were
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found between serum zinc levels and HbA . or
the duration of the disease. Jansen et a. (20)
have hypothesized that the plasma zinc
concentration may be related to the duration of
the disease, such that the initia elevation of the
plasma levels at the onset of the disease (when
beta cell destruction occurs) is followed
afterwards by a drop when elevated urinary zinc
excretion overcomes the release of zinc from
beta cells. This hypothesis is supported by the
negative correlation between the duration of
T1DM and plasmalserum zinc concentration in
some studies (3, 21). However, in our study no
significant correlation was found between the
two variables. Even when we subdivided the
diabetics according to their duration of the
disease, nothing changed.

The possible relationship between zinc and di-
abetes mellitus has been of interest to many in-
vestigators since it was understood that zinc
was part of the insulin complex. The most con-
sistent finding of the animal and human studies
on this subject so far is hyperzincuria (20). This
has prompted some scientists to advance hypo-
theses stating that diabetics may develop zinc
deficiency. However, none of our patients was
zinc-deficient. It is to be noted that the assess-
ment of borderline zinc deficiency is more dif
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ficult due to the non-existence of frank clinical
signs and religble, well-defined, sensitive and
gpecific laboratory indicators. In contrast to
some other nutrients, there are no zinc reserves
in the human body. As aresult, when there is an
insufficient dietary intake of zinc, problems can
be expected. For example, the growth rate in
children or the zinc excretion in adults is re-
duced in an effort to maintain zinc levels of tis-
sues and homeostasi's; consequently no apparent
biochemical or functional changes occur (22,
23). In our study, 62.1% of the patients and
60% of the hedthy controls had a low zinc in-
take compared to the respective RDA. Thus,
despite normal serum zinc levels the possibility
of borderline zinc deficiency in both groups
cannot be ruled out.

In conclusion, the serum zinc levels of these
diabetic children and adolescents were not noti-
ceably different compared to those of healthy
controls and were independent of glycemic
control and the duration of the disease. Diabetic
patients were not zinc-deficient based on their
serum levels, despite the fact that the dietary
zinc intake of about 60% of them was low.
Certainly more research is required to shed
more light on the subject.

Ethical Consider ations

Ethica issue principles including plagiarism,
informed consent, misconduct, data fabrication
and/or fasfication, double publication and/or sub-
mission, redundancy, etc. have been completdy
observed by the authors.

Acknowledgements

The authors would like to thank Sheryl
Thomas-Nikpoor for reviewing the manuscript
and Dr. Simindokht Arvintan for measuring
HbA1.. Also, thanks to the Department of
Pathology, School of Medicine, Shiraz
University of Medical Sciences and the
personnel of Namazi Hospital, Shiraz, Iran,
gpecialy Mr. Amirizadeh, without whose help

87

this research would not have been possible. The
authors declare that there is no conflict of inter-
est.

References

1. Nakamura T, Higashi A, Nishiyama S,
Fujimoto S, Matsuda | (1991). Kinetics
of zinc status in children with IDDM.
Diabetes Care, 14 (7): 553-7.

2. Chausmer AB (1998). Zinc, insulin and
diabetes. J Am Coll Nutr, 17 (2): 109-15.

3. Victorinova A, Toserova E, Krizko M,
Durackova Z (2009). Altered metabolism
of copper, zinc, and magnesum is
associated with increased levels of
glycated hemoglobin in patients with
diabetes mdllitus. Metabolism, 58
(10):1477-82.

4. El-Yazigi A, Hannan N, Raines DA (1993).
Effect of diabetic state and related
disorders on the urinary excretion of
magnesium and zinc in patients. Diabetes
Res, 22 (2): 67-75.

5. Nsonwu AC, Usoro CAO, Etukudo MH,
Usoro IN (2006). Glycemic control and
serum and urine levels of zinc and
magnesium in diabetics in Calabar,
Nigeria. Pakistan J Nutr, 5 (1): 75-8.

6. Cunningham JJ, Fu A, Mearkle PL, Brown
RG (1994). Hyperzincuria in individuals
with insulin-dependent diabetes mellitus:
concurrent zinc status and the effect of
high-dose zinc supplementation.
Metabolism, 43 (12): 1558-62.

7. Sagueiro MJ, Krebs N, Zubillaga MB,
Wéill R, Pogtaire E, Lysionek AE, Caro
RA, De Paoli T, Hager A, Boccio J
(2001). Zinc and diabetes mellitus: is
there a need of zinc supplementation in
diabetes mdlitus patients? Biol Trace
Elem Res, 81 (3): 215-28.

8. Branddo-Neto J, Stefan V, Mendonga BB,
Bloise W, Castro AV (1995). The
essential role of zinc in growth. Nutr Res
15(3) : 335-8.



Downloaded from http://journals.tums.ac.ir/ on Thursday, March 08, 2012

10.

11.

12.

13.

14.

15.

Estakhri et al.: Serum Zinc Levesin Children and Adolescents ...

MacDonald RS (2000). The role of zinc in
growth and cell proliferation. J Nutr, 130
(5 Suppl): 1500S- 8S.

Bideci A, amurdan MO, Cinaz P, Dursun H,
Demirel F (2005). Serum zinc, insulin-
like growth factor-l and insulin-like
growth factor binding protein-3 levels in
children with type 1 diabetes mellitus. J
Pediatr Endocrinol Metab, 18 (10):
1007-11.

Angelova M, Schentov B, Nedkova V,
Nikoloff G, Alexiev Al, Petrova Ch
(2006) Serum zinc in children with
enterocolitis, chronic diarrhoea with
malabsorption syndrome and type 1
diabetes. Trakia Journal of Sciences,
4:11-7.

Tuvemo T, Ewald U, Kobbah M, Proos LA
(1997). Serum magnesium and protein
concentrations during the first five years
of insulin-dependent diabetes in children.
Acta Paediatr. Suppl, 418: 7-10.

Kruse-Jarres JD, Rukgauer M. (2000).
Trace eements in diabetes mellitus.
Peculiarities and clinical validity of
determinations in blood cdls. J Trace
Elements Med Biol, 14 (1): 21-7.

Ewald U, Gebre Medhin M, Tuvemo T
(1983). Hypomagnesemia in diabetic
children. Acta Paediatr Scand, 72 (3):
367-71.

Rohn RD, Pleban P, Jenkins LL (1993).
Magnesium, zinc and copper in plasma
and blood cdlular components in
children with IDDM. Clin Chim Acta,
215 (1): 21-8.

88

16.

17.

18.

19.

20.

21.

22.

23.

Zargar AH, Bashir MI, Masoodi SR,
Laway BA, Wani Al, Khan AR, Dar FA
(2002) Copper, zinc and magnesium
levels in type-1 diabetes mdlitus. Saudi
Med J, 23 (5): 539-42.

Al-Maroof RA, Al-Sharbatti SS (2006).
Serum zinc levels in diabetic patients and
effect of zinc supplementation on
glycemic control of type 2 diabetics.
Saudi Med J, 27 (3): 344-50.

Kazi T G, Afridi HI, Kazi N, Jamali MK,
Arain MB, Jalbani N, Candhro GA
(2008). Copper, chromium, manganese,
iron, nickel, and zinc levels in biological
samples of diabetes mellitus patients.
Biol Trace ElemRes, 122 (1): 1-18.

Zhao C, Wang H, Zhang J, Feng L. (2008)
Correlations of trace elements, glucose
and body compostions in type 2
diabeticgabstract]. Wei Sheng Yan Jiu,
37 (5): 600-5.

Jansen J, Karges W, Rink L (2009) Zinc
and diabetes - clinica links and
molecular mechanisms. J Nutr Biochem,
20 (6): 399-417.

Pedrosa LFC, Ferreira SRG, Cesarini PR,
Cozzolino SM (1999). Influence of
glycemic control on zinc urinary
excretion in patients with type 1 diabetes.
Diabetes Care, 22 (2): 362-3.

Gibson RS, Hess SY, Hotz C, Brown KH.
(2008). Indicators of zinc status at the
population level: a review of the
evidence. Br J Nuitr, 99 (3 Suppl): 14-23.

Wood RJ (2000). Assessment of marginal
zinc status in humans. J Nutr, 130 (5
Suppl): 1350-4.



