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ABSTRACT

Objectives: The present study is an attempt to assess serum
zinc level in a sample of diabetic patients (both type 1 and
type 2 diabetics) in comparison with those of apparently
healthy controls, and to ascertain the relationship between
the levels of serum zinc with some epidemiological
variables. Furthermore, a trial of zinc supplementation
for 3 months conducted to assess the effect of zinc
supplementation on glycemic control of the studied type 2
diabetic patients, and the factors that affect the response to
this supplementation.

Methods: Collection of data was carried out during the
period between November 2002 to February 2003 at the
Diabetic Center of Merjan Teaching Hospital in Babil
Governorate, Iraq. In the first part of the study (a case-
control study), the diabetic group included 133 diabetic
patients (type 1 and 2) who were chosen from patients
attending the Diabetic Center during the period of the
study. The control group included 133 apparently healthy
subjects who were selected from the workers of the same
hospital. Selection of cases and controls was carried out
by using systematic random sampling procedure. In the
second part of the study (single blind were intervention
study), type 2 diabetic patients (101 patients) divided into
2 groups; the first group included 50 patients supplemented
with oral zinc sulfate (30 mg of elemental zinc/cap/day)
for 3 months and second group included 51 patients given
placebo and designed as control group.

Results: The first part of the study shows that the mean
value for serum zinc level was significantly lower in
diabetic patients than healthy controls (64.2 + 12.6 pg/dl for

type 1 diabetics, and 68.9 + 11.9 ug/dl for type 2 diabetics
versus 83.4 + 12.5 ug/dl for healthy controls). Using simple
linear regression, significant positive correlation was
found between serum zinc level and years of education and
significant negative correlation was found between serum
zinc level and baseline HbA1c% value, in the diabetic
group. While significant positive correlation found between
serum zinc level and estimated zinc intake in the control
group. Using multiple regression analysis, serum zinc level
showed significant positive correlation with gender (being
a male compared with female), and estimated zinc intake
and significant negative correlation with diabetes state
(diabetic compared with non-diabetic), residence (urban
compared with rural residents), and plant protein intake.
The second part of the study shows that the mean value
for HbAlc% concentration of the supplemented group
decreased significantly at the end of the 3 months of follow
up, while no significant changes were found in the mean
value for HbA 1c% of the control group. The present study
showed that the change in HbA1c% after supplementation
had significant negative correlation with baseline HbA1c%
value.

Conclusion: Diabetic patients have significantly lower
mean serum zinc levels compared with healthy controls.
Zinc supplementation for type-2 diabetics has beneficial
effects in elevating their serum zinc level, and in improving
their glycemic control that is shown by decreasing their
HbA1c% concentration.
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Zinc is one of the essential trace elements that is
required to maintain the normal physiological
function of all forms of life.! Zinc occurs within a
great variety of foods of both animal and plant origin.
Zinc within animal products is more readily available
than that within plant products.> Zinc has close
interrelationships with the endocrine system and it is
essential for normal growth, reproductive function,
immune function, and glucose metabolism. Zinc
deficiency has now been recognized to be associated
with many chronic illnesses.? Diabetes mellitus (DM)
is one of the diseases, which affect zinc homeostasis
in different ways. The relationship between diabetes,
insulin, and zinc is complex with no clear cause and
effect relationship. The predominant effect of diabetes
on zinc homeostasis is hypozincemia, which may be
the result of hyperzincuria or decreased intestinal
absorption of zinc or both.* Zinc has an important
role in the glucose utilization by muscle and fat
cells.’ Tt is required as a co-factor for the function
of intracellular enzymes that may be involved in
protein, lipid and glucose metabolism.® Zinc may be
involved in the regulation of insulin receptor-initiated
signal transudation mechanism and insulin receptor
synthesis.” Zinc also plays a key role in the synthesis,
storage, and secretions of insulin by pancreatic
tissue, and it accounts for the conformation integrity
of insulin in its hexameric crystalline form.® Zinc
may participate as an integral component of several
antioxidant enzymes. Many of the complications of
diabetes may relate to an increase in intracellular
oxidant and free radicals associated with decrease
in intracellular zinc and zinc dependent antioxidant
enzymes.’

Laboratory tests for assessing zinc status are
classified into 2 groups: those involving the analysis
of zinc in body tissues or fluids and those testing
zinc-dependent enzyme function.'” The most often
used approach to assess zinc status, particularly in
large population studies, is the measurement of serum
zinc levels.! The accepted reference range for serum
zinc level is 70-120 pg/dl (10.7-18.4 mmol/L), and
the level of 70 ug/dl (10.7 mmol/L) was used as cut-
off value as an indicator of zinc deficiency.'® There
is no available information regarding the effect of
zinc supplementation on glycemic control of Iraqi
diabetic patients. This study is an attempt to assess
serum zinc level in patients with DM in comparison
with normal subjects, and to assess the effect of zinc
supplementation on glycemic control of patient with
type 2 DM.

Methods. The study was carried out during the
period of November 2002 - February 2003. The

first part of the study was a case-control study that
included 133 diabetic patients (32 type 1 and 101 type
2 diabetics) who were selected from adult diabetic
patients attending the Diabetic Center of Merjan
Teaching Hospital, Babil Governorate, Iraq during the
period of the study. The control group included 133
healthy subjects selected from the apparently healthy
workers in the same hospital. Selection of patients
and healthy controls was carried out by systematic
random sampling technique. Serum zinc levels were
assessed in diabetic patients and healthy controls.

The second part of the study was a single-blind,
intervention study that includes only the selected,
eligible type 2 diabetic patients who were on oral
hypoglycemicdrugs (101 patients). Patients in this part
of the study were alternatively assigned to either the
first group (who were supplemented with 30 mg/day
of elemental zinc for 3 months) or the second group
(who were given placebo, followed up for the same
period, and designed as a control group). The HbAlc
% levels were measured at the beginning of the study
and after 3 months of follow up for both groups, and
used as an indicator for glycemic control and a tool
for evaluation of intervention during the follow up.
The compound used in preparing the zinc supplement
was zinc sulfate heptahydrate (ZnSo4.7H,0), both
zinc sulfate supplement and placebos were prepared
as capsules by Ibin Sina Drug Development Center.

Asstructured questionnaire was used and completed
by direct interview. Dietary intake was assessed for
each subject using the 24-hour recall method. Dietary
intake of zinc, calories and proteins, were calculated
using food composition tables.

Height and weight were measured for subjects in
both groups and used to calculate their body mass
index that was used as an indicator of overweight
or obesity. Waist and hip circumference ratio were
measured to assess the fat distribution. Blood pressure
was also measured and recorded for each subject.
A sample of venous blood was drawn from each
subject in the study following overnight fasting for
12 hours. Serum zinc level determination was carried
out in Babylon Teaching Hospital laboratories using
the atomic absorption spectrophotometer (the Buck
model 210 GVP AAS). Fasting blood sugar (FBS)
measurement was carried out using the calorimetric
method, HbAlc% was assayed a few days after
blood- sampling using improved colorimetric assay
and both tests were carried out in Merjan Teaching
Hospital laboratories.

Statistical analysis was carried out using SPSS
version 10 computer software. The statistical
significance of the difference in the mean of a
continuous variable, which is known or assumed to
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be normally distributed between 2 groups, was carried
out by the use of sample t—test, while between more
than 2 groups ANOVA test was used. Paired t-test was
used to evaluate the statistical significance of mean
change in a continuous variable after intervention
(after-before comparison). The strength and direction
of linear correlation between 2 quantitative continuous
variables was tested with Pearson correlation
coefficient. The p-value of less than the 0.05 level of
significance was used as the criterion for determining
statistical significance. Multiple regression models
were used to study the independent and net effect of
a set of independent (explanatory) variables on the
response (dependent or outcome) variable.

Results. Table 1 shows the mean and SD values
for some epidemiological variables, estimated
dietary intake and biochemical measurement of the
studied groups with their significance. There was
no significant difference between mean values for
dietary zinc intake of the studied groups. Significant
differences were noticed between mean + SD values
for total protein and animal protein intakes of diabetic
patients and healthy controls. In addition, statistically
significant difference was found between mean serum
zinc level of diabetic patients and healthy controls.
Mean serum zinc level was lower in type 1 diabetics
compared with type 2 diabetics. In the current study,
the mean + SD value for dietary zinc intake of females
versus males were equal to 10.8 + 3.8 versus 13 £4.8
mg/day in the diabetics and 11.4 + 3.8 versus 13.2 +
4.7 mg/day in the control group.

The mean + SD values for serum zinc level of
males in the control group was 84.8 + 13.2 ug/dl,
(p=0.24), and in females was 81.8 = 11.6 pg/dl,
(p=0.24). In the mean + SD values for serum zinc
level of males in the diabetic group was 69.5 + 14
pg/dl, (p=0.12) and in females was 66.2 + 10 pg/dl,
(p=0.12). Also, the mean + SD values for serum zinc
level of rural resident controls was 88.6 + 13.2 ug/dl,
(p=0.007), and in the urban resident controls was 80.9
+ 11.5 pug/dl, (p=0.007). In the mean + SD values
for serum zinc level of rural resident controls in the
diabetic group was 68.7 + 12.3 pg/dl, (p=0.45) and
in the urban resident controls was 67.1 + 12.2 ug/dl,
(p=0.45). The present data showed that 82 diabetic
patients (61%) and 20 healthy controls (15%) have
serum zinc levels of <70 pg/dl (<10.7 mmol/L), and
they were identified to have deficient serum zinc
levels. Correlations between baseline serum zinc
level and the studied variables are shown in Table 2.
From these variables, only estimated zinc intake has
significant positive correlation with serum zinc level
in the control group. While in the diabetic patients,
the table shows that serum zinc level has significant
346
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positive correlation with years of education. Base-line
HbA1c% in type 2 DM patients was found to have a
highly significant negative correlation with the level of
serum zinc. To show the net and independent effect of
a set of explanatory variables on baseline serum zinc
level, multiple linear regression models were used.
In the first step, all the possible explanatory variables
entered in the model, and after serial infiltration, only
7 of these independent variables proved to have an
effect on predictive power of the model. As shown
in Table 3, the final regression model contained 7
independent variables listed according to decreasing
magnitude of importance in their effect on serum zinc
level.After controlling for the confounding effect of
other independent variables included in the model,
Table 3 shows that having type 1 DM was associated
with highest reduction in serum zinc level by a mean
of 21.11 ug/dl, compared with healthy control. Next
variable is having type 2 DM that is associated with
reduction in serum zinc level by a mean of 12.56
pg/dl. All the 7 variables included in the last step
of the multiple regression models had a statistically
significant regression coefficient, and were able to
explain 36% of variation in response variable.

The second part of this study, which is an
intervention trial, involves type 2 DM cases of
whom; 50 were supplemented with oral zinc, and 51
were supplemented with placebo and followed as a
control group for 3 months. The number of patients
who completed the 3 months of follow up was 86
(85%); of them 43 constitute the supplemented group
and 43 constitute the control group. The remaining
15% of the patients were lost to follow up or showed
non-compliance to the study regimen so they were
excluded from the analysis.

Table 4 shows the mean + SD values for serum
zinc level, FBS concentration and HbA1c% changes
after 3 months of follow up in the supplemented
group compared with control group. As shown in the
table, the mean serum zinc level for the supplemented
group increased significantly by 4.3 + 7.4 pg/dl
(p<0.001). For the control group, the mean serum
zinc level also significantly increased (p=0.004).
The table also shows that the changes in the mean
FBS for the supplemented group and that for the
control group were found to be non-significant in
both groups. However, the table shows that the mean
HbA1c% of the supplemented group was decreased
by 0.3%, and this change was statistically significant
(p=0.01). While there was no significant changes in
mean HbA1c% of the control group after 3 months
of follow up.

Multiple regression analysis with backward
elimination model was used to assess the effect
of certain explanatory variables on change in the
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Table 1 - The mean + SD values for some epidemiological variables of the studied groups with their significance.

Variables Healthy controls (mean + SD) DM cases (mean + SD) N=133 Significance

N=133

Type 1 DM (N=32) Type 2 DM (N=101)

Age (in years) 39+93 39.7+18.1 54.6+9.2 p<0.0017
Number of years of education 11+4.8 5.1+43 4.1+4.7 p<0.0017
Crowding index 24+0.8 2.6+0.8 29+09 p<0.0017
Cigarette smoking index 29+75 1.4+28 42+98 p=0.19%"
Duration of DM in years - 103+ 12.8 5.1+6 p<0.002
Body mass index ( Kg/m?) 269 +4.1 229+5.6 28.6 +4.2 p<0.0017
Waist hip ratio 09+0.1 09+0.1 1x0.1 p<0.0017
Estimated zinc intake (mg /day) 124 +4.4 10.7+3.3 122+4.6 p=0.13%
Total protein intake (gm/ day) 78.2+27.3 68.2+224 61.9+22.1 p<0.0017
Animal protein intake (gm/ day) 34.8+234 31.6£20.2 23.2+154 p<0.0017
Plant protein intake (gm/ day) 434 +153 36.6 £16.2 38.7+15 p=0.05%
Serum zinc level (ug/dl) 83.4+125 64.2+12.6 68.9+11.9 p<0.0017
(umol/L) (128 +1.9) 9.9+1.9) (10.6 £ 1.8)

*not significant, fANOVA analysis of variance, DM - diabetes mellitus

Table 2 - Correlation between baseline serum zinc level (zg/dl) and
the studied variables with their significance in healthy

Table 3 - Multiple linear regression with baseline serum zinc level (in
pg/dl) as the dependent variable and selected independent

controls and diabetic group.

variables that had significant impact on improving the
predictive power of the study.

Variables Control group Cases with
() DM (r) Independent variables B Standardized P-
Years of education 0.004 0.23%%* B value
Estimated zinc intake (mg/day) 0.22% 0.02 Type 1 DM -21.11 -0.50 <0.001
énimg! pr(?t(zin intake (gm/day) 8%; 882 (compared with healthy controls)
rowding index -0. . ) i
Waist hip ratio 0.07 0.05 Type 2DM 12.56 0.43 <0.001
Total protein intake (gm/day) 0.02 0.03 (compared with healthy controls)
Calorie intake (kcal/day) 0.01 0.02 Male gender 4.53 0.16 0.007
Age (in year s) -0.08 -0.03 (compared with female)
Body mass.lnfiex 0.04 -0.04 Plant protein intake (gm) -0.13 -0.14 0.02
Plant protein intake (gm/day) -0.14 -0.04 ared with animal .
Cigarette smoking index 0.17 -0.05 (compare‘ with animal protein)
Serum fasting blood sugar (mmol/L) 0.07 -0.05 Urban residence -3.87 -0.13 0.02
Duration of disease (in years) ~ -----—- -0.11 (compared with rural)
HbA1c% level - baseline e -0.33%* Age (in years) 0.13 _0.12 0.03
((for type 2 DM ) Estimated zinc intake (mg) 0012 0.1 0.04
*Significant, p<0.05, **Highly significant, p<0.001, r- value is ] ]
correlation coefficient, DM - diabetes mellitus DM - diabetes mellitus

Table 4 - Mean + SD, change in serum zinc level (xg/dl), FBS (mmol/L) and HbA1c% value after 3 months of follow up in the supplemented group
compared with control group.

Studied groups Baseline levels Levels after 3 months Change in levels Percent change P (paired t-test)
mean * SD mean * SD mean * SD after 3 months
Serum zinc
Supplemented group 64.1 +10.1 68.4 +8.7 43+74 7.8+12.6 p<0.001
Control group 733 +12.6 76.7 12 3474 5.4 +10.6 p=0.004
FBS level
Supplement group 10.6 £5.9 10.2 +4.5 -0.4+63 15+67.5 p=0.72%
Control group 8.8 +3.8 9.8+44 1+4.4 24 +66.8 p=0.15%
HbA1c% value
Supplement group 8.1+15 7.8+1.3 -0.3+0.8 29+93 p=0.01
Control group 72+13 72+13 0+0.9 0.8 +13.7 p=0.94*
*not significant, FBS - fasting blood sugar
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Table 5 - Multiple regression equation with change in serum zinc level and HbAlc% value as the dependent variables and selected
independent variables among type 2 diabetic cases after 3 months of zinc supplementation.

Independent variables Serum zinc level change HbA1c% change

B P-value B P-value
Age (in years) 0.22 0.07 -0.003 0.83
Gender (male compared with female) 1.47 0.53 -0.50 0.05
Cigarette smoking index 0.057 0.55 0.008 0.45
Body mass index 0.66 0.05 -0.026 0.43
Waist / hip ratio -38.14 0.03 0.12 0.95
Estimated zinc intake -0.022 0.933 0.012 0.65
Zinc serum level baseline (pg/dl) -0.47 <0.001 0.017 0.13
HbA1c% value baseline 0.82 0.28 -0.28 0.001
Serum FBS level baseline 0.23 0.20 -0.010 0.61
P (model) <0.01 0.009
R? 0.44 0.45

FBS - fasting blood sugar

response variables (serum zinc level change and
HbA1c% change), among the supplemented group of
type 2 diabetics after 3 months of follow up (Table
5). After controlling for other independent variables
included, only waist/hip ratio and base-line zinc level
were found to have statistically significant correlation
with the mean change in serum zinc level after 3
months of follow up. The resulting equation was
statistically significant (p=0.01), and explains 44% of
the observed variation in the response variable (serum
zinc level change). Those with higher baseline zinc
level at the start of the supplementation are expected
to show a lower magnitude of change (response). For
each unit (pg/dl) reduction in baseline zinc level,
there is an increase in serum zinc level by a mean of
0.47 pg/dl. On the other hand, only baseline HbAlc%
value was found to have a statistically significant
negative correlation with the change in the HbAlc%
after 3 months of follow up. The resulting equation
was statistically significant, and explains 45% of the
observed change in the response variable (HbAlc%
change).

Discussion. A large body of experimental and
clinical proof, especially in developed countries,
supported alteration of zinc metabolism in patients
with DM.** However, few studies examine the
relationship between zinc and diabetes in developing
countries.'? The mean value for serum zinc levels in
healthy individuals studied was within the normal
range for healthy adults (11.4-17.8 ymol/L) reported
by another study of zinc homeostasis in humans."
However, the minimum serum zinc value found in the
present study (9.4 ymol/L) was lower than the lowest
value reported by a number of studies carried out in
Western countries.'*'® Moreover, the mean serum
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zinc level of type 1 DM and type 2 DM patients
found in the present study are much lower than the
mean level reported in another study on zinc level
in 18 subjects with type 1 DM and 22 subjects with
type 2 DM that was equal to 18 + 0.9 ymol/L."”
Diabetic patient studied have also lower mean serum
zinc levels compared with that reported in a study
of 110 Tunisian adult diabetic subjects (both type
1 and type 2)," which showed that the mean + SD
value of plasma zinc level was 11.3 + 0.18 ymol/L,
and that 30% of the diabetic patients had serum
zinc level below the cutoff level identified to show
zinc deficiency (namely; 10.7 gmol/L), while in the
present study 61% of the studied diabetic patients
had serum zinc level below this cutoff level. The
lower mean serum zinc level of diabetic patients in
comparison to healthy controls noticed in this study
is in agreement with many studies.'*?* Furthermore,
negative correlation was observed in this study
between duration of diabetes (since diagnosis) and
serum zinc level, and since type 1 diabetic patients
studied have higher mean duration compared with
type 2 diabetic patients, so the observed lower mean
serum zinc level in type 1 diabetic group could be
partly due to the longer duration of the disease they
have in comparison to the type 2 group. A similar
finding was reported by another study, which showed
negative correlation between serum zinc level and
duration of type-1 DM.*

In the current study, the mean dietary zinc intake
of diabetic patients was found to be slightly lower in
comparison to that of healthy subjects. This finding
may partly explain the lower mean serum zinc level
found in the studied diabetics, since ithas been reported
by many studies that circulatory zinc level (either
plasma or serum) is a sensitive indicator of alteration



Serum zinc levels in diabetic patients ... Al-Maroof & Al-Sharbatti

in dietary zinc intake.'** Correlation analysis used
in this study showed significant positive correlation
between dietary zinc intake and serum zinc level in
the healthy group only, which suggests that there
could be other mechanisms apart from dietary zinc
intake operating in diabetic patients that lowers their
serum zinc level. In both type 1 and type 2 diabetes,
impaired intestinal re-absorption of endogenous zinc
and the increase in excretion of zinc into the intestine
during the digestive process may lead to this low
serum zinc level.® When all variables studied had been
controlled in multiple regression models, serum zinc
level still had significant correlation with estimated
zinc intake in the studied subjects, which emphasizes
the importance of consuming adequate zinc intake to
maintain normal zinc level. This is in agreement with
other studies.!>* Regarding protein intake, a positive
correlation was found between serum zinc level and
animal protein intake, while negative correlation was
noticed between serum zinc level and plant protein
intake in both healthy and diabetic individuals.
Animal protein is considered as the main source for
highly bioavailable zinc in the diet®®* thus, it can
positively affect serum zinc level. This finding was
also reported by several other studies that showed
positive correlation between animal protein intake
and estimated zinc intake.?**

The multiple regression model used in this study
showed a negative correlation between age and serum
zinc level, when all other studied variables had been
controlled, therefore, special attention should be
paid to the diet of older diabetics to increase their
dietary zinc consumption. This is consistent with
results obtained by many studies, which showed that
the elderly are at particular risk of zinc deficiency
due to their low energy intake and poor dietary zinc
consumption. 63132

In this study, a lower mean serum zinc value
was noticed in females compared with males both
in healthy and diabetic groups, which could be
explained by their lower mean zinc intake compared
with males. This finding is further confirmed in this
study by the significant positive correlation obtained
between gender (being male compared with female),
and baseline serum zinc level, after controlling for
other variables studied. This is in agreement with
findings of several national food surveys suggesting
that high a percentage of women worldwide were at
particular risk of zinc deficiency as they consume less
than the recommended zinc intake.*>

In the present study, a positive correlation
was found between serum zinc level and years of
education in both diabetic and control groups, and it
was significant in the diabetic group. This may reflect

the positive effect of improvement in socioeconomic
determinants on zinc status that may be related to
the effect of socioeconomic factors on dietary zinc
intake.” It has been shown that individuals with lower
educational levels have chronically lower dietary zinc
intake, that may be attributed mainly to selection of
food with poor bioavailability.*

In the present study, mean serum zinc level was
found to be higher in rural residents compared with
urban residents in all studied groups, and residence
in an urban area is expected to decrease the serum
zinc level by a mean of 0.13 pg/dl. This is agreement
with studies conducted in India reporting that serum
zinc level and dietary zinc intake was significantly
higher in rural Indian subjects compared with urban
subjects.®

In the second part of this study, the increase in mean
serum zinc level of the supplemented group after 3
months of follow up was found to be significant. In the
control group, the significant change in mean serum
zinc level observed after the trial can be explained
by the possible change in pattern of dietary intake of
these patients that occur due to enrolling them in the
intervention study.

The mean value for HbA1c% of the supplemented
group was reduced significantly by 0.3 + 0.8% at the
end of 3 months of follow up, while no significant
change was found in the mean value for HbAlc%
of the control group. The significant change in
the supplemented group refers to the effective
improvement in their glycemic control in response
to zinc supplementation. This result is consistent
with the results of other trials that were carried out
on patients with type 2 DM to study the effect of
zinc supplementation on their metabolic control.>'®
The significant negative correlation noticed in the
current study between serum zinc level change
after supplementation and baseline serum zinc level
suggested that the change in the mean value for serum
zinc level after intervention is expected to be higher
within groups of patients with lower mean value
for baseline serum zinc level compared with other
groups. This finding is consistent with results of other
studies suggested that zinc treatment will have a high
chance of success in changing the zinc status in the
zinc-deficient subjects.!!

In the present study, the mean HbA1c% change
after supplementation was found to have negative
correlation with baseline HbAlc% concentration,
that is to say diabetic patients with higher
baseline HbAlc% showed lower response to zinc
supplementation in terms of change in mean value
for HbAlc% concentration when the other variables
had been controlled. It seems likely that there are
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other factors affecting the level of HbAlc%, which
perhaps ameliorate the beneficial effect of zinc
supplementation in those patients.
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