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THE ASSOCIATION BETWEEN SERUM GLUCOSE
AND SERUM LEAD AND SELECTED TRACE
ELEMENTS IN TYPE 2 DIABETES MELLITUS
PATIENTS IN JEDDAH, SAUDI ARABIA
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SUMMARY: Diabetes mellitus (DM) is a chronic metabolic disorder affecting carbohydrate, lipid, and pro-
tein metabolism. A number of studies have reported an association between DM and alterations in the metabo-
lism of several trace minerals. In this study, serum zinc (Zn), chromium (Cr), manganese(Mn), magnesium (Mg),
and lead (Pb) were estimated in 55 diabetic patients attending the clinic of King Abdulaziz University, Jeddah
(Saudi Arabia), and the results were compared with those of apparently healthy, nondiabetic volunteers of com-
parable age and social status. The serum glucose level of diabetic subjects (10.21 + 3.56 mmol L-1) was signif-
icantly (p < 0.05) higher than the value obtained for the nondiabetic subjects (4.23 + 0.15 mmol L-1). The mean
serum levels of Zn (96.25 + 24.32 ug/dl), Cr (4.13 £ 0.52 ug/dl), Mn (3.37 + 0.38 ug/dl), and Mg (17.76 + 0.96
ung/dl) were significantly (p < 0.05) lowered in diabetic subjects. The mean serum Pb level of diabetic patients
was (17.38 £ 5.06 ug/dl) and significantly higher (p < 0.05) than that of control subjects. In the present study, the
age of the diabetic patients did not show any significant correlation with serum glucose (r = 0.124). The serum
levels of glucose were found negatively correlated with serum levels of Zn, Cr, Mn, and Mg of diabetic subjects.
A positive relationship was observed between concentrations of serum glucose and Pb (r = 0.438, p < 0.01). The
low serum levels of Zn, Cr, Mn, and Mg in diabetic patients compared to that of control subjects may be due to
the poor glycemic control.
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INTRODUCTION

Trace elements form part of our daily diet, which are
well known to play vitally important roles in the mainte-
nance of health (1). Now a days, composition of our diet
has changed considerably, which causes greatly
increased incidence of many different diseases such as
diabetes mellitus (DM) (2). According to some studies,
trace element concentrations are different in serum and
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urine of diabetic patients and the healthy population
(3,4). Diabetes is estimated to afflict about 366 million
people world-wide in 2011 and this represents about
8.3% of the world’s population; by 2030 this is expected
to rise to 552 million (5,6). Type 2 diabetes comprises
90% of people with diabetes around the world, and is
largely the result of excess body weight and physical
inactivity (5,6). Today, the Arab world is severely affected
by this disease. Almost 50% of people aged 40-59 are
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thought to be suffering from diabetes (7), and in the Arab
world, more than 24% of the Qatar’s population is
believed to be diabetic (7). The prevalence of DM in the
Saudi population is high, and 90% of them suffer from
type 2 DM. In Saudi Arabia, almost one Saudi in four
beyond the age of 30 has DM (8). Some estimate that it
will be 40%-50% in 2020 (9). Diabetes is more prevalent
among Saudis living in urban areas (25.5%) than those
living in rural areas (19.5%) (10).

DM is a chronic disorder of carbohydrates, lipids,
and protein metabolism. There is defective or deficient
insulin secretion, which results in impaired carbohydrate
metabolism. This is the characteristic feature of diabetes
mellitus, which results in hyperglycemia. DM is a hetero-
geneous disease characterized by an absolute or rela-
tive deficiency of insulin and resistance.
Numerous authors have evaluated mineral levels and
status in diabetic subjects, yet, often inconsistent and
contradictory results have been presented (11-15). This
difference may be due to the number of subjects, sex,
and laboratory processing. Some trace elements act as
antioxidants and prevent membrane peroxidation, while
others act directly on glucose metabolism (11).

Literature surveys show that some trace elements
such as chromium (Cr), magnesium (Mg), zinc (Zn), man-
ganese (Mn), molybdenum (Mb), and selenium (Se) play
an important role in insulin action, including activation of
insulin receptor sites (16), serving as cofactors or compo-
nents for enzyme systems involved in glucose metabolism
(17), increasing insulin sensitivity, and acting as antioxi-
dants preventing tissue peroxidation (18). Alternatively,
homeostasis of trace elements can be disrupted by DM
(16,19). Deficiencies of certain minerals such as Mg, Zn,
and Cr predispose to glucose intolerance and promote the
development of diabetic complications such as retinopa-
thy, thrombosis, and hypertension (16,20), impaired repair
of tissues and wound healing (16,21), and diabetic
angiopathy (16). Reduction of trace element stores might
be responsible for various adverse clinical effects even
with normal serum trace element concentration (16).

Zn is an essential micronutrient, which has an impor-
tant role in the functioning of hundreds of enzymes in
insulin metabolism and acts as an efficient antioxidant
(22,23). Concerning metabolic diseases (insulin resistance,
metabolic syndrome, diabetes), Zn is important because it

insulin
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plays arole in the stabilization of insulin hexamers, pancre-
atic storage of the hormone, and is an efficient antioxidant,
while oxidation is considered to be a main component in ini-
tiation and progression of insulin resistance and diabetes
(24).

The trace element Cr increases insulin binding to
cells by increasing insulin receptor numbers, and it may
lead to increased insulin sensitivity, glucose utilization, and
beta-cell sensitivity (25). Cr supplements improve glucose
tolerance in people with type 2 diabetes mellitus.

Mn plays an important role in a number of physio-
logic processes, and as a constituent of some enzymes
and an activator of different enzymes (26). These Mn-
activated enzymes play an important role in the metabo-
lism of carbohydrates, amino acids, and cholesterol.

Mn superoxide dismutase (MnSOD) is the principal
antioxidant enzyme of the mitochondria. Because mito-
chondria consume over 90% of the oxygen used by
cells, they are especially vulnerable to oxidative stress.
The peroxide radical is one of the reactive oxygen
species produced in mitochondria during ATP synthesis.
MnSOD catalyzes the conversion of superoxide radicals
to hydrogen peroxide, which can be reduced to water by
other antioxidant enzymes (26).

Mn deficiency has been observed in a number of
animal species. Signs of Mn deficiency include impaired
growth, impaired reproductive function, skeletal abnor-
malities, impaired glucose tolerance, and altered carbo-
hydrate and lipid metabolism. In humans, demonstration
of Mn deficiency syndrome has been less clear (26).
Deficiency of Mn or low levels of Mn in blood or tissue
has been associated with several chronic diseases like
osteoporosis, epilepsy, and DM (26). As oxidative stress
is a reason for the development of diabetic complica-
tions, it would be important to study the concentrations
of Mn in the serum of diabetic patients.

Mg is an essential ion involved in glucose homeosta-
sis at multiple levels. It is a cofactor in the glucose trans-
port system of hepatocyte plasma membranes, and it
regulates hepatocyte mitochondrial functions. It catalyzes
the various enzymes involved in the phosphorylation of
glucose in its anaerobic metabolism, as well as, in its
oxidative decarboxylation in the citric acid cycle and can
modulate the mechanism of energy transfer from high-
energy phosphate bonds. Mg also plays a role in the
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release of insulin and the maintenance of pancreatic beta-
cell cycle (27). It can presumably increase the affinity and,
moreover, the number of insulin receptors. In physiologi-
cal doses, Mg administration does not modify plasma glu-
cose, but pharmacological doses of Mg cause
hyperglycemia through increased adrenaline release
along with a decrease in insulin secretion (27). In experi-
mental animals, severe and prolonged Mg deficiency
caused exhaustion and loss of B-cells in the pancreas.
However, insulin acts as an Mg-sparing hormone, both
directly and indirectly by stimulating vitamin D hydroxyla-
tion. It also enhances the shift of Mg from the extracellular
space into hepatocytes and muscle cells (27). It has been
shown that the main action of insulin on target tissues
involves an inophore effect on Mg and calcium. The
translocation of Mg seems particularly correlated to the
peptide mediator and to trans-phosphorylation reactions.
Insulin deficiency induces a drop in 1,25-dihydroxychole-
calciferol and modifies the secretion of parathyroid, calci-
tonin, and gastrointestinal tract peptide hormones; which
in turn favor the occurrence of Mg depletion (27).

Lead (Pb) is a heavy metal that is dangerous to
most of the human body’s organ systems and interferes
with body metabolism and cellular functions. It produces
damaging effects in the hematopoietic, hematic, renal,
reproductive, and gastrointestinal systems (28). Pb has
been investigated in many pathological conditions, and
the level of this metal in this environment is of great con-
cern. Environmental Pb exposure is a risk factor for Pb
nephropathy (29). Low-level environmental Pb exposure
has been shown to contribute to Pb nephropathy even at
blood Pb levels below 5 ng/dl, especially in susceptible
populations like hypertensive and diabetic patients (29).
Therefore, populations with higher environmental Pb
exposure are at a higher risk for Pb nephropathy. Occu-
pational Pb exposure is an important pathway for Pb
exposure and a sufficient risk factor for the development
of Pb nephropathy, as various studies have shown a
significant association of renal impairment among Pb
workers compared to controls (29).

In recent years, there has been a growing under-
standing of the role of minerals, in particular, Zn, Cr, Mn,
and Mg in diabetes. Overall, available studies on the role
of minerals in diabetes suggest deficiency of Zn, Cr, Mn,
and Mg in type 2 diabetic patients. Thus, the present
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study was conducted to investigate the fasting serum Zn,
Cr, Mn, Mg, and glucose in DM subjects, and the results
were compared with those of apparently healthy nondia-
betic subjects of comparable socioeconomic status. The
serum levels of Zn, Cr, Mn, Mg, and glucose were corre-
lated in type 2 diabetic subjects to determine the relation
of mineral nutritional status to the hyperglycemia.

MATERIALS AND METHODS

Selection of subjects

The study was conducted over a period of 2 years on the
employees of King Abdulaziz University, Jeddah, Saudi Arabia.
Patients who visited the university clinic were included in the
study. The study population consisted of 55 type 2 diabetic male
subjects (DM group) and 55 age-matched, nondiabetic male sub-
jects (control group) within an age range 45-65 years. Informed
consent was sought and obtained from individuals before enroll-
ment into the study. Clearance was obtained from the institutional
ethical committee.

Inclusion criteria

Aged 45-65 years, known type 2 diabetic patients for the
past five years, and nondiabetic patients, considering a glucose
tolerance test or FBS < 5 mmol L-1.

Exclusion criteria

Patients who had diabetes other than type 2 diabetes mel-
litus; diabetic patients who had been treated with insulin;
patients who had taken hypotensive diuretics; subjects who had
acute complications such as severe infections, major opera-
tions, trauma, Gl disorders, and severe cardiovascular/respira-
tory disease; patients who presented with ketoacidosis; subjects
on any concomitant medication such as antioxidant vitamins,
minerals, and herbal treatment that may interact with glycemic
status and oxidative stress parameters; cigarette smokers; and
alcoholics were excluded from the study.

Fifty-five apparently healthy, nondiabetic subjects of similar
socioeconomic status, who were on routine medical checkups in
the clinic, were recruited to serve as control. There were no clini-
cal or laboratory disorders in the control group. Body weight and
height were measured and used to calculate the body mass
index (BMI), which was used as a measure of relative body
weight. Following enrollment, both patients and controls were
instructed not to change their lifestyle or their dietary habits and
not to take any dietary supplements. The diet was not monitored.
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Table 1: Mean serum levels of glucose, Zn, Cr, Mn, Mg, and Pb in diabetic patients and control subjects.

Parameters Control Diabetic patients

N 55 55

Age of subjects (year) 58.92 +7.26 60.09 +6.79*

Duration of diabetes (year) 1.33 3.26"
BMI (kg/m2) 24.37 +1.58 29.79 +1.72*

Fasting serum glucose (mmol/L) 4.23+0.15 10..21 + 3.56*
Zn (ug/dl) 130.20 + 32.04 96.25 + 24.32*
Cr (ng/dl) 6.31 £0.42 413 +0.52*
Mn (ng/dl) 4.93+0.46 3.37 £ 0.38*
Mg (ng/dl) 22.93+1.73 17.76 + 0.96*
Pb (ng/dl) 11.05 + 2.11 17.38 £5.06 *

*Significant at p < 0.05; mean values are given as mean + standard deviation.

Sample collection and preparation

Fasting blood samples were collected into labeled centrifuge
tubes, after an 8-12 h overnight fast, from the subjects by
venipuncture. The blood samples were centrifuged at 2000 rpm for
10 min using a desktop centrifuge, and the serum was separated
and kept in labeled sample bottles at -70°C until further analysis.

Instrumention

The sera were analyzed for fasting serum glucose using
an auto-analyzer (Roche Modular P-800, Germany). The trace
elements concentration of each sample was measured by
Graphite Furnace Atomic Absorption Spectrometer.

Statistical analysis

Results were presented as mean standard deviation.
The data was analyzed with the help of an independent “t” test
and Pearson’s correlation. The differences between the diabetic
and control groups with respect to serum levels of glucose, Zn,
Cr, Mn, Mg, and Pb were tested by using an independent “t” test.
The interrelationship between serum levels of glucose with
serum levels of Zn, Cr, Mn, Mg, and Pb in diabetic subjects was

assessed by using Pearson’s correlation.

RESULTS

This study was conducted on 55 patients with DM
type 2 and on 55 normal healthy subjects. All the diabetic
patients and healthy subjects were married. The age,
duration of diabetes, BMI, and fasting serum glucose of
patients with DM group and healthy subjects (control
group) as well as serum concentrations of Zn, Cr, Mn, Mg,
and Pb are shown in Table 1. The mean age of the dia-

betic patients was 60.09 + 6.79 years and for nondiabetic
healthy controls was 58.92 + 7.26 years. The results of
the BMI indicated that the diabetic subjects were over-
weight. There was significant difference (p < 0.05) in the
BMI of the DM group when compared with that of the con-
trol group.

Fasting serum glucose was significantly (p < 0.05)
higher in diabetic patients than in nondiabetic subjects.

We found significantly higher Pb levels (p < 0.05)
and lower Zn, Cr, Mn, and Mg levels (p < 0.05) in patients
with DM in comparison with healthy subjects.

In diabetic patients, the serum glucose levels signifi-
cantly correlated negatively with the serum concentrations
of Zn, Cr, Mn, and Mg. Correlation curves for Zn and Mg
with serum glucose levels are shown in Figures 1 and 2.
The correlation curves for Cr and Mn with serum glucose
were also drawn but they are not shown here. A significant
positive relationship was observed between fasting serum
glucose and Pb concentrations (r = 0.438, P < 0.01) in
patients with DM (Figure 3).

Table 2 shows significant negative correlation coeffi-
cients between serum glucose and the elemental concen-
trations of diabetic patients.

DISCUSSION

Diabetes has become an international health-care
crisis that requires new approaches for prevention and
treatment. Diabetes management should begin with exer-
cise and diet (15,30,31). From the rigidly controlled semi-
starvation diets in ancient times, through to the
70%:20%:10% diet (for fat, protein, and carbohydrate,
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Table 2: Correlation coefficients (r) of serum glucose with
serum Zn, Cr, Mn, Mg, and Pb of type 2 diabetic subjects.

Independent variable Correlation coefficient (r)

Zn -0.316*
cr -0.362"
Mn -0.308"
Mg -0.427*
Pb 0.438**

*Correlation is significant at p < 0.05/
**Correlation is significant at p < 0.01.

respectively), to the present “all-food-can-fit” regimens,
we have arrived at nutrition science as we know it today —
“medical nutrition therapy” ( 31). Dietary modification, the
simplest and cheapest form of diabetes treatment, is the
primary therapy in type 2 diabetes (32).

In reviewing clinical studies published on this topic
over the last few years, it becomes apparent that several
minerals are of great importance and hence their potential
impact on the typical diabetic individuals. The minerals
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Figure 1: Correlation between zinc concentration and fasting
serum glucose in type 2 diabetic patients.
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found to be subjects of concern in diabetic patients most
commonly are: Mg, Zn, Cr, and Cu. Alteration in the status
of these trace elements has been reported in a number of
disease states, trauma, and infections. Diseases of liver
and kidney have been known to affect tissue distribution
and excretion of trace elements (33). Excessive accumu-
lation or depletion of trace elements may have significant
clinical implication, including increase risk of cancer, car-
diovascular disease, immune deficiency anemia, renal
function impairment, and bone disease (34). The actual
status of these elements in DM and other ailments is still
uncertain. A number of signs and symptoms of diabetes
are shared in common with different trace elements’ defi-
ciencies. These include impaired glucose tolerance, fast-
ing hyperglycemia, glycosuria, hypoglycemia, elevated
circulating insulin, nephropathy, and peripheral neuropa-
thy (34).

In the present study, fasting serum glucose level was
significantly higher in diabetic patients than in nondiabetic
healthy controls. It has now been established by different
authors (11-16,35,36) that diabetic patients have signifi-
cantly higher levels of fasting serum glucose than those of
the control groups.

Diabetes has been shown to be associated with
abnormalities in the metabolism of Cr, Zn, and Mg. Impair-
ment of Cr, Zn, and Mg status has been reported as
aggravating factors in the progression of diabetes. Pres-
ent study reports that there is a significant decrease in
serum concentrations when compared to controls. This
decreased serum Cr levels in diabetic patients than in
controls has been well described in earlier studies (13-
16). Cr is a cofactor in the action of insulin and it potenti-
ates the action of insulin (15 ). As such it may improve
blood glucose levels in individuals with a tendency toward
blood glucose fluctuations associated with diabetes
(hyperglycemia). Thus, it may not be surprising to find (as
noted in this study) an inverse relationship between
serum Cr levels and blood glucose control.

In the present study, the serum Zn level of the
patients with DM type 2 is lesser than of the controls. This
has been proposed that the decreased serum Zn level is
due to its complex formation with insulin and hence the
lack of free insulin enhances the appearance of the symp-
toms of diabetes that occurred in these patients (15). Zn is
involved in many biological processes including catalysis,
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Figure 2: Correlation between magnesium concentration and fasting serum glucose in type 2 diabetic patients.

stabilization of cell membrane, and regulation of gene
expression, and influences many metabolic functions
(16). Zn has insulin-like effects that cause enhanced glu-
cose uptake by inhibiting glycogen synthesis (16).
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Low serum levels of Zn in diabetic patients are in
accordance with those reported by several research groups
(12,15,16). The low gastrointestinal absorption and high uri-
nary excretion of Zn in diabetic patients may explain hypoz-
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Figure 3: Correlation between Pb concentration and fasting serum glucose in type 2 diabetic patients.
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incemia seen in the DM group (16). Hyperzincuria may be
a result of hyperglycemia than any specific effect of
endogenous or exogenous insulin on the renal tubules.
Hyperglycemia has been postulated to interfere with the
active transport of Zn back into the tubular cells (16).

Zn and insulin concentrations in the pancreas
change in the same direction in a variety of situations in
humans (15). Zn is useful in the synthesis, storage, and
secretion of insulin (15). Zn may improve glycemia, and
a restored Zn status in patients with type 2 diabetes may
counteract the deleterious effects of oxidative stress,
helping to prevent complications associated with dia-
betes (16). A significant negative correlation was found
between Zn and glycemic control in this study.

Serum Mn level of diabetic subjects in the current
work was significantly different from the value obtained
from the control subjects. The percentage of the diabetic
subjects with Mn deficiency was however lower than the
subjects with Cr and Zn deficiencies. There is evidence
that Mn may play a role in the pathogenesis of diabetes
(16). Mn has been shown to be important in insulin syn-
thesis and secretion (13). It has been shown that type 2
diabetic subjects responded well to oral doses of Mn (13).
Mn is a cofactor of many enzymes including mitochondrial
superoxide dismutase (13). Mn-activated enzymes play
important roles in the metabolism of carbohydrates, amino
acids, and cholesterol (26). There are conflicting reports
of Mn deficiency in DM (13,16). Diabetic patients with
higher blood levels of Mn were reported to be better pro-
tected from oxidation of LDL cholesterol. LDL oxidation
contributes to the development of intra-arterial plaque,
which can lead to heart attack and stroke (13). Diabetic
patients with liver disease have been reported to excrete
more Mn than those without liver problems (13). High uri-
nary Mn excretion and decreased concentration of hair
Mn were observed in diabetic individuals (13,16). It has
not been established whether diabetes causes high Mn
urinary excretion and low serum level of Mn or whether
Mn deficiency contributes to the development of the glu-
cose intolerance (16).

In our study Mg levels were found significantly lower
in diabetic patients than in healthy controls. This decrease
in serum Mg levels has also been described in earlier
studies (4,11,12,14,35,36). The mechanism responsible
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for hypomagnesemia in patients with DM is not com-
pletely known (14). Though serum Mg levels may not
accurately reflect the level of total body Mg stores, persist-
ent glycosuria with osmotic diuresis leads to Mg wasting
and contributes to high frequency of hypomagnesemia in
poorly controlled diabetes (11). The present study demon-
strated negative correlation of serum glucose with Mg
levels in diabetic patients. Similar associations between
serum glucose and serum Mg have been reported by dif-
ferent authors (12,18). An increase in the fasting plasma
glucose level associated with the decrease in the fasting
plasma Mg level in diabetic patients was earlier demon-
strated (12). The serum Mg level has been found to corre-
late inversely with glycosylated hemoglobin (4,12). These
inverse correlations suggest that Zn, Cr, Mn, and Mg nutri-
ture may be found to deteriorate with the abnormal meta-
bolic milieu of diabetes.

In summary, the present study suggests that
serum Zn, Cr, Mn, and Mg concentrations were pro-
foundly altered in diabetic patients than in controls.
Moreover, the altered Zn, Cr, Mn, and Mg levels were
related to the degree of glycemic control.

In this study, an association was established
between the serum Pb and diabetes mellitus. There is
positive correlation between fasting serum sugar and
serum Pb concentrations. Similar positive correlation
was also observed by Babalola et al. (28). Barbagello
et al. (37) had reported that as a result of high calcium
levels in diabetic patients, the absorption of Pb is
expected to be low. But Pb from endogenous sources,
such as Pb in the bone and/or from previous environ-
mental exposure, will remain in circulation in the blood.
This is probably responsible for the observed high
blood level in diabetic patients.

In view of the observed association between
serum Pb and DM patients in this study, one may sug-
gest that increased blood Pb in diabetic patients is
probably a contributory factor to the decline in renal
function observed among diabetic patients. Moreover
many other works have linked decline in kidney func-
tion to either/both bone or blood Pb levels (28, 38-40).
Furthermore, since one of the signs of Pb toxicity is
impaired renal function and also one of the most promi-
nent complications of DM is kidney damage, chances
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are that this observed higher blood Pb in diabetic
patients may be associated with the kidney damage
complication of diabetes mellitus.

Conclusively, this study revealed that Pb has an
interactive connection with type 2 DM. The high serum
Pb level in the diabetic patients may also be related to
the kidney damage complication associated with the
disease. Based on these findings, it is therefore recom-
mended that health-care providers should consider
testing diabetic patients for complications due to Pb
toxicity as part of the treatment regimen. Also govern-
ments should ensure a sweeping ban on the use of
leaded gasoline particularly in the third world country.

The experimental work on the measurement of
theses trace elements and Pb in urine and hair sam-
ples of both groups is in progress. The results will be
reported in the future publication.

Traditionally, eating fresh grains, fruit, sea food,
and vegetables grown in nutrient-rich soil has been the
primary supply for the full spectrum of ionically charged
minerals. If agricultural systems fail to provide enough
products containing adequate quantities of all nutrients
during all seasons, dysfunctional food systems result
that cannot support healthy lives and this is the case
for many agricultural systems in many developing
nations (41).

Unfortunately, naturally occurring, nutrient-rich soil
is almost nonexistent on commercial farms. Aggressive
farming techniques have stripped most trace minerals
from the soil, and the use of nitrogenous fertilizers in
agriculture is relatively cheap, and is therefore the
foundation of modern farming methods (15,42). Rem-
ineralization of the soil, however, is very expensive.
When people consume a diet derived from such
depleted crops, the intake of essential trace minerals
become inadequate, which may lead to poor health and
disease (15,28,43). Refining carbohydrate foods also
cause a sharp drop in the concentration of various vita-
mins and minerals (43).

If the serum levels of trace mineral elements (Zn,
Cr, Mn, and Mg) for apparently healthy nondiabetic
subjects were considered as the normal range for
these metals in the study area, the prevalence of these
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trace mineral element deficiencies in diabetic patients
is observed to be 22%-28%. Hence people with dia-
betes should be encouraged to eat local specific foods
rich in Zn, Cr, Mn, and Mg.

CONCLUSION

Type 2 DM is on track to become one of the major
global public health challenges of the 21st century. It
accounts for approximately 90%—95% of all diagnosed
cases of diabetes. Patients with type 2 diabetes may
have complications like cardiovascular disease,
nephropathy, retinopathy, and polyneuropathy. There is
accumulating evidence that the metabolism of several
trace elements is altered in DM and that these nutrients
might have specific roles in the pathogenesis and
progress of this disease. In the present investigation,
the BMI and fasting serum glucose were significantly
higher in the diabetic population than in the nondiabetic
population of the study. We conclude that the levels of
serum Zn, Cr, Mn, and Mg were lower in patients with
type 2 diabetes, while serum Pb level was high in the
diabetic group than in the nondiabetic control group.
This study observed a significant negative correlation
between the serum levels of Zn, Cr, Mn, and Mg and
the fasting serum levels of glucose in diabetic subjects.
A positive correlation was found between concentra-
tions of fasting serum glucose and Pb. The low serum
levels of Zn, Cr, Mn, and Mg in diabetic patients than in
control subjects may be due to the poor glycemic con-
trol. People with diabetes should be encouraged to eat
local specific foods rich in these trace minerals. To
better understand the role of these trace elements and
Pb in diabetes, further clinical studies are required
enrolling larger number of patients and using sophisti-
cated techniques besides blood, urine, and hair sam-
ples to allow clear conclusions.

ACKNOWLEDGMENT

This study was funded by the Deanship of Scien-
tific Research (DSR), King Abdulaziz University,
Jeddah, under grant no. 004/002/430. The author,
therefore, acknowledges with thanks to the DSR for
their technical and financial support.

Medical Journal of Islamic World Academy of Sciences 20:4, 130-139, 2012 137



SERUM TRACE ELEMENTS IN TYPE Il DIABETES

REFERENCES

1. Mertz W . The essential trace elements. Science 1991;
213: 1332-1338.

2. Vessby B. Dietary fat and insulin action in humans. Br J
Nutr 2000,83:91-96.

3. Kazi TG, Afridi Hl, Kazi N, Jamali MK, Arain MB, Jalbani N,
Kandhro GA. Cu, Cr,Mn, Fe, Ni, and Zn levels in biological samples of
diabetes mellitus patients. Biol Trace Elem Res 2008;122:1-18.

4. Viktorinova A, Toserova E, Krizko M, Durackova Z.
Altered metabolism of Cu,Zn and Mg is associated with increased
levels of glycated hemoglobin in patients with diabetes mellitus.
Metabol Clin Experimental 2009;58:1477-1482.

5. WHO — World Health Organization. Diabetes — Fact Sheet #
312, August, 2011. ( www.who.int/mediacentre/factsheet/fs312/en)

6. IDF — International Diabetes Federation Atlas: The Global
Burden, Fifth Ed, 2011. (www.idf.org/diabetesatllas/5e/the-global-
burden)

7. Daily Health News. Diabetes — more than 500 million suf-
fers by 2030. (www.destinationsante.com/diabetes-more-than-500-
million-suffers-by-2030)

8. Abdulaziz AS. How to tackle the diabetes epidemic in
Saudi Arabia. Arab News, Nov 15, 2006.

9. Al-Khadar AA. Impact of diabetes in renal diseases in
Saudi Arabia. Nephrol Dial Transplant 2006;16:2132-2137.

10. Al-Gannass A. Spike in diabetes in Saudi Arabia. March,
2009. (www.diabetes.co.uk).

11. Mumayun M, Khalid A, Ali A, Ahmed S, Javed A. To
study levels of serum Cr, Cu, Mg and Zn in patients with diabetes
mellitus type 2. Pak J Med Health Sci 2011;5: 34-38.

12. Tripathy S, Sumathi S, Raj GB. Minerals nutritional
status of type 2 diabetic subjects. Int J Diab Dev Ctries 2004,24:27-
29.

13. Adewumi MT, Njoku CH, Saidu Y, Abubakar MK, Shehu
RA, Bilbis LS. Serum Cr, Cu, and Mn levels of diabetic subjects in
Katsina, Nigeria. Asian J Biochem 2007;2: 284-288.

14. Chinyere NA, Opara UCA, Henrieta EM, Nathanie Ul.
Serum and urine levels of Cr and Mg in type 2 diabetics in Calabar,
Nigeria. Mal J Nutr 2005;11:133-242.

15. Akhuemokhan Kl, Eregie A, Fasanmade OA. Trace min-
eral status and glycaemic control in Nigerians with type 2 diabetes.
African J Diab Med 2010,24:169-173.

16. Esfahani EN, Faridbod F, Larijani B, Ganjali MR, Norouzi
P. Trace element analysis of hair, nail, serum and urine of diabetes
mellitus patients by ICP atomic emission spectroscopy. Iranian J
Diab Lip Diso 2011;10:1-9.

17. Murry RK, Granner DK, Mayes PA. Metabolism of carbo-
hydrate. Harpers Biochemistry, Appleton and Lang, USA, 2000.

18. Ankush RD, Suryakar AN, Ankush NR. Hypomagne-
saemia in type 2 diabetes mellitus patients. A study on the status of
oxidation and nitrosative stress. Indian J Clin Biochem
2009;24:184-189.

FARID

19. Zagar AH, Shah NA, Masood SR et al. Copper, zinc and
magnesium levels in type 1 diabetes mellitus. Saudi Med J
2002;23: 539-542.

20. Serdar MA, Bakir F, Hasimi A, Celik T, Akin O, Kenar L,
Aykut O, Yildirimkaya M. Trace and toxic element patterns with
noninsulin-dependent diabetes mellitus, impaired glucose toler-
ance, and fasting glucose. Intr J Diab Dev Ctries 2009;29:35-40.

21. Bahijri SM. Serum zinc in infants and preschool children
in Jeddah area and effect of diet and diarrhea in relation to growth.
Annals Saudi Med 2001; 221:322-329.

22. Hasse H, Overbeck S, Rink L. Zinc supplementation for
the treatment or prevention of disease ; current status and future
perspectives. Exp Gerontol 2008;43: 394-408.

23. Saper RB, Rash R. Zinc. an essential micronutrient. Am
Fam Physician 2009;79:768 — 772.

24. Wiernsperger NF. Oxidative stress as a therapeutic
target in diabetes. revisiting the controversy. Diabetes Metab
2003;29:579 — 585.

25. Masood N, Baloch GH, Ghori RA, Memon IA, Memon MA,
Memon SA. Serum zinc and magnesium in type 2 diabetic patients.
J Coll Physicians Surg Pak 2009;19:483-486.

26. Nicoloff G, Mutaftchiev K, Strashimirov D, Petrova C.
Serum manganese in children with diabetes mellitus type 1. Dia-
betologia Croatica 2004;33: 47-51.

27. Elamin A, Tuvemo T. Magnesium and insulin-dependent
diabetes mellitus. Diab Res Clin Prac 1990;10: 203-209.

28. Babalola OO, Ojo LO, Akinleya AO. Status of the levels of
lead and selected trace elements in type 2 diabetes mellitus
patients in Abeokuta, Nigeria. African J Biochem Res 2007;17:
27-131.

29. Alasia DD. Lead nephropathy. revisiting an overlooked
cause of kidney disease. Nephrology Rev 2010,2:340-250.

30. Manjunatha GBK, Bhavna N, Sarsina DO, Sathisha TG,
Sweta S, Devaki RN. Relation of calculated HbA1c with fasting
plasma glucose and duration of diabetes. Intr J Appl Biol Pharma
Tech 2011,2:58-61.

31. Chalmers KH. Medical nutrition therapy. In Joslin’s Dia-
betes mellitus, 14th Edition. Eds Kahn et al. Philadelphia. Lippin-
cott Williams and Wilkins, pp 611-629, 2005.

32. Muula A. Preventing diabetes associated morbidity and
mortality in resource poor communities. Diabetes Int 2000;10:47-
58.

33. Milne DB. Trace elements. Tietz textbook of clinical
chemistry. Byrtis CA & Ashwood ER (eds). Third edition. WB
Sanders Company, Philadelphia, 2000.

34. Behets GJ, Dams G, Damment S, Debwe ME. An
assessment for the effects of lanthanum on bone in a chronic renal
failure (CRF) ret model. J Amer Soc Nephrol 2001,;12:740-750.

35. Walti MK, Zimmermann MB, Spinas GA, Hyrrell RF. Low
plasma magnesium in type 2 diabetes. Swiss Med Wkly 2003;133:
289-292.

138 Medical Journal of Islamic World Academy of Sciences 20:4, 130-139, 2012



SERUM TRACE ELEMENTS IN TYPE II DIABETES

36. Diwan AG, Pradhan AB, Lingojwar D, Kirshna KK, Singh
P, Almelkar SI. Serum zinc, chromium and magnesium levels in
type 2 diabetes. Int J Diab Dev Ctries 2006;26: 22 -125.

37. Barbagello M, Gupta RK, Dominguez LJ, Resnick LM.
Cellular ionin alterations with age; relation to hypertension and dia-
betes. J Am Geriatr Soc 2000,48:1111-1116.

38. Tsaih S, Korrick S, Schwantz J, Amarsariwardena C, aro
A, Sparrow D, Hu H. Lead, Diabetes, Hypertension, and Renal
function. The Normative Aging study. Envoron Health Perspect
2004;112: 1178-1182.

39. Muntner P, He J, Vupputuri S, Coresh J, Batuman V.
Blood lead and chronic kidney disease in the general United States
population. Results from NHANES Il
2003;63:1044 -1050.

40. Hernandez G. Study examines the relationship between

Kidney International

Hispanics’ blood-lead levels and kidney issues. HS News Daily,
May 10, 2011.(www.hispanicallyspeakingnews.com/notitas-de-
noticias/details)

FARID

41. Welch RM, Graham RD. Breeding for micronutrients in
staple food crops, from a human nutrition perspective. J Exp
Botany 2004;55: 353-364.

42. Vogtmann H. From healthy soil to healthy food: an analy-
sis of the quality of food produced under contrasting agricultural
systems. Nutr Health 1988;6:21-35.

43. Ravina A, Slezak L, Mirsky N. Reversal of corticosteroid
induced diabetes mellitus with supplemental chromium. Diabetic
Med 1999;16:164-167.

Correspondence:

Syed M. Farid

Nuclear Engineering Department,
King Abdulaziz University,

P.O. Box 80204, Jeddah 21589,
SAUDI ARABIA.

e-mail: smfarid44@hotmail.com

Medical Journal of Islamic World Academy of Sciences 20:4, 130-139, 2012 139



