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ABSTRACT
The aim of this study was to evaluate serum magnesium status in diabetic retinopathy and to
investigate its relation to serum lipid profile and glycated haemoglobin (HbA١c) as a marker for longterm metabolic control in diabetes. The current case control study has enrolled ٢٥ type ٢ diabetics
without retinopathy (Group ١), ٢٥ diabetics with retinopathy (Group ٢) and ٢١ apparently healthy nondiabetic control subjects (Group ٣). Overnight fasting serum magnesium, lipid profile and HbA١c
concentration were analyzed for all subjects. The mean serum magnesium level was significantly lower
in Group (٢) compared to that of Group ١ (p< ٠.٠٠١). The mean serum triglycerides (TGs) and HbA١c
levels were significantly higher in Group ٢ (p< ٠.٠٠٠١). No statistically significant differences were
noticed comparing the mean serum total cholesterol (TC) and LDL-cholesterol concentrations in both
groups ١ and ٢ (p> ٠.٠٥).
The study revealed a significant negative correlation between serum magnesium on one hand and
serum TGs, TC, LDL- cholesterol and HbA١c on the other hand where r= - ٠.٦٤٦, - ٠.٤٧, - ٠.٣٣٥, and ٠.٨٢٥ respectively. Meanwhile serum magnesium was significantly and positively correlated with HDLcholesterol levels (r= ٠.٣٩٥, p> ٠.٠٠١). Using Forward Stepwise Multiple Regression analysis, the study
revealed that hypomagnesaemia, poor glycaemic control and increasing duration of diabetes are the
most important contributors to the cumulative risk for the development of diabetic retinopathy (Odds
ratios ١٦.٦٥, ٥٦٦ and ٧.٣٦ respectively).
In conclusion, magnesium depletion is a significant risk factor for, and a frequent finding in, diabetic
retinopathy beside poor glycaemic control, dyslipidaemia (mainly hypertriglyceridaemia), and increasing
duration of uncontrolled diabetes. The significant association between hypomagnesaemia and high
fasting serum levels of TGs, TC, LDL-cholesterol and HbA١c would rather support the suggested role
for magnesium depletion in the metabolic derangements associated with retinopathy in diabetic
patients. Further studies on the effects of magnesium supplementation for diabetic patients are
necessary to investigate the spectrum of metabolic improvements following magnesium therapy and the
degree to which the risk of diabetic retinopathy might be reduced.
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اﻟﺨﻼﺻــﺔ
ﺗﻬﺪف هذﻩ اﻟﺪراﺳﺔ اﻟﻰ ﺗﻘﻴﻴﻢ ﻣﺴﺘﻮﻳﺎت اﻟﻤﻐﻨﻴﺴﻴﻮم ﻓﻲ ﻣﺼﻞ اﻟﺪم ﻟﺪى اﻟﻤﺮﺿﻰ اﻟﺴﻜﺮﻳﻴﻦ اﻟﻤﺼﺎﺑﻴﻦ ﺑﺎﻋﺘﻼل ﺷ ﺒﻜﻴﺔ اﻟﻌ ﻴﻦ و
( ﻣﺮﻳﻀ ﺎ٢٥)  ﻟﻘ ﺪ اﺷ ﺘﻤﻠﺖ اﻟﺪراﺳ ﺔ ﻋﻠ ﻰ ﻋﻴﻨ ﺔ ﻣ ﻦ.ﺗﻔﺤﺺ ﻋﻼﻗﺘﻬﺎ ﻣﻊ واﺟﻬﺔ اﻟﺸﺤﻮم ﺑﻤﺼﻞ اﻟﺪم و ﺧﻀ ﺎب اﻟ ﺪم اﻟﻤﺴ ﻜﺮ
( ﺳ ﻜﺮﻳﺎ ﺁﺧ ﺮﻳﻦ ﻣﺼ ﺎﺑﻴﻦ ﺑ ﺎﻋﺘﻼل اﻟﺸ ﺒﻜﻴﺔ ) اﻟﻤﺠﻤﻮﻋ ﺔ٢٥) ﺳﻜﺮﻳﺎ ﻏﻴﺮ ﻣﺼ ﺎﺑﻴﻦ ﺑ ﺎﻋﺘﻼل اﻟﺸ ﺒﻜﻴﺔ )اﻟﻤﺠﻤﻮﻋ ﺔ اﻷوﻟ ﻰ( و
 ﺗ ﻢ ﻗﻴ ﺎس ﻣﺴ ﺘﻮﻳﺎت.( ﺷﺨﺼ ﺎ ﻏﻴ ﺮ ﺳ ﻜﺮﻳﻴﻦ٢١) اﻟﺜﺎﻧﻴﺔ( ﺑﺎﻹﺿﺎﻓﺔ إﻟﻰ ﻣﺠﻤﻮﻋﺔ اﻟﻀﺒﻂ ) اﻟﻤﺠﻤﻮﻋﺔ اﻟﺜﺎﻟﺜ ﺔ( و اﻟﻤﺆﻟﻔ ﺔ ﻣ ﻦ
.اﻟﻤﻐﻨﻴﺴﻴﻮم و ﻣﺴﺘﻮﻳﺎت اﻟﺸﺤﻮم ﻓﻲ ﻣﺼﻞ اﻟﺪم ﺣﺎل اﻟﺼﻮم و ﻗﻴﺎس ﺧﻀﺎب اﻟﺪم اﻟﻤﺴﻜﺮ ﻟﻠﺠﻤﻴﻊ
.(٠.٠٠١ > أﻇﻬﺮت اﻟﺪراﺳﺔ اﻧﺨﻔﺎﺿﺎ ﻣﻌﻨﻮﻳﺎ ﻓﻲ ﻣﺘﻮﺳﻂ ﻣﺴﺘﻮﻳﺎت اﻟﻤﻐﻨﻴﺴ ﻴﻮم ﻟ ﺪى اﻟﻤﺠﻤﻮﻋ ﺔ اﻟﺜﺎﻧﻴ ﺔ ﻣﻘﺎرﻧ ﺔ ﺑ ﺎﻷوﻟﻰ )ب
>  ب، (١) ( أﻋﻠ ﻰ ﻣ ﻦ ﻗﺮﻳﻨﻴﻬﻤ ﺎ ﻓ ﻲ اﻟﻤﺠﻤﻮﻋ ﺔ٢) آﺎن ﻣﺘﻮﺳﻄﺎ ﺛﻼﺛﻲ اﻟﻜﻠﻴﺴﻴﺮاﻳﺪ و ﺧﻀﺎب اﻟ ﺪم اﻟﻤﺴ ﻜﺮ ﻓ ﻲ اﻟﻤﺠﻤﻮﻋ ﺔ
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 ﻟﻢ ﺗﻈﻬﺮ اﻟﺪراﺳﺔ ﻓﺮوﻗﺎ ﻣﻌﻨﻮﻳﺔ ﻋﻨﺪ ﻣﻘﺎرﻧﺔ ﻣﺘﻮﺳﻄﻲ )إﺟﻤﺎﻟﻲ اﻟﻜﻮﻟﻴﺴ ﺘﻴﺮول( و )اﻟﻜﻮﻟﻴﺴ ﺘﻴﺮول ﺿ ﻤﻦ اﻟﺒ ﺮوﺗﻴﻦ.٠.٠٠٠١
.٠.٠٥ <  ﺣﻴﺚ ب٢  و١ اﻟﺸﺤﻤﻲ ﻗﻠﻴﻞ اﻟﻜﺜﺎﻓﺔ( ﻟﻤﺼﻞ اﻟﺪم ﻟﺪى اﻟﻤﺠﻤﻮﻋﺘﻴﻦ
 إﺟﻤ ﺎﻟﻲ،أﻇﻬﺮت اﻟﺪراﺳﺔ وﺟﻮد ﺗ ﺮاﺑﻂ ﻣﻌﺘ ﺪ ﺳ ﺎﻟﺐ ﺑ ﻴﻦ ﻣﺴ ﺘﻮﻳﺎت اﻟﻤﻐﻨﻴﺴ ﻴﻮم ﺑﻤﺼ ﻞ اﻟ ﺪم ﻣ ﻦ ﻧﺎﺣﻴ ﺔ و ﺛﻼﺛ ﻲ اﻟﻜﻠﻴﺴ ﻴﺮاﻳﺪ
 اﻟﻜﻮﻟﻴﺴ ﺘﻴﺮول ﺿ ﻤﻦ اﻟﺒ ﺮوﺗﻴﻦ اﻟﺸ ﺤﻤﻲ ﻗﻠﻴ ﻞ اﻟﻜﺜﺎﻓ ﺔ و ﺧﻀ ﺎب اﻟ ﺪم اﻟﻤﺴ ﻜﺮ ﻣ ﻦ ﻧﺎﺣﻴ ﺔ أﺧ ﺮى، اﻟﻜﻮﻟﻴﺴﺘﻴﺮول ﻟﻤﺼﻞ اﻟﺪم
 ﺑﻴﻨﻤ ﺎ أﻇﻬ ﺮت ﺗﺮاﺑﻄ ﺎ ﻣﻌﺘ ﺪا اﻳﺠﺎﺑﻴ ﺎ ﺑ ﻴﻦ ﻣﺴ ﺘﻮﻳﺎت اﻟﻤﻐﻨﻴﺴ ﻴﻮم و،( ﺑﺎﻟﺘﻌﺎﻗ ﺐ-٠.٨٢٥ ،-٠.٣٣٥ ،-٠.٤٧ ،-٠.٦٤٦ =)ر
 ﻟﻘ ﺪ أﻇﻬ ﺮت اﻟﺪراﺳ ﺔ أن اﻧﺨﻔ ﺎض.( ٠.٠٠١ ب،٠.٣٩٥ =اﻟﻜﻮﻟﻴﺴ ﺘﻴﺮول ﺿ ﻤﻦ اﻟﺒ ﺮوﺗﻴﻦ اﻟﺸ ﺤﻤﻲ ﻋ ﺎﻟﻲ اﻟﻜﺜﺎﻓ ﺔ )ر
 ارﺗﻔﺎع ﻣﺘﻮﺳﻂ ﺧﻀﺎب اﻟﺪم اﻟﻤﺴﻜﺮ و ﺗﻘﺎدم داء اﻟﺴ ﻜﺮي ﻟ ﺪى اﻟﻤﺼ ﺎب ﺑ ﻪ ه ﻲ أآﺜ ﺮ اﻟﻌﻮاﻣ ﻞ اﻟﺘ ﻲ،اﻟﻤﻐﻨﻴﺴﻴﻮم ﺑﻤﺼﻞ اﻟﺪم
.ﺗﻤﺖ دراﺳﺘﻬﺎ إﺳﻬﺎﻣًﺎ ﻓﻲ اﻟﺨﻄﻮرة اﻟﻤﺘﺮاآﻤﺔ و اﻟﻤﻔﻀﻴﺔ إﻟﻰ اﻹﺻﺎﺑﺔ ﺑﺎﻋﺘﻼل اﻟﺸﺒﻜﻴﺔ ﻟﺪى ﻋﻴﻨﺔ اﻟﺒﺤﺚ
ﺗﺴﺘﻨﺘﺞ اﻟﺪراﺳﺔ إن اﻧﺨﻔﺎض اﻟﻤﻐﻨﻴﺴﻴﻮم ﺑﻤﺼﻞ اﻟﺪم ﻳﻌﺪ ﻋﺎﻣﻞ ﺧﻄﻮرة هﺎم و ﻣﻦ اﻟﺘﻐﻴﺮات اﻟﻜﻴﻤﺎوﻳﺔ اﻟﺤﻴﻮﻳﺔ اﻟﻤﻠﺤﻮﻇ ﺔ ﻋﻨ ﺪ
 ﺧﻠ ﻞ اﻟﺸ ﺤﻤﺎﻧﻴﺔ )و ﻻﺳ ﻴﻤﺎ،اﻋﺘﻼل ﺷﺒﻜﻴﺔ اﻟﻌﻴﻦ ﺟﺮاء داء اﻟﺴﻜﺮي إﻟﻰ ﺟﺎﻧﺐ آﻞ ﻣﻦ ارﺗﻔ ﺎع ﻣﺘﻮﺳ ﻂ ﺧﻀ ﺎب اﻟ ﺪم اﻟﻤﺴ ﻜﺮ
 إن اﻟﺘﺮاﺑﻄ ﺎت اﻟﻤﻌﺘ ﺪة اﻟﻬﺎﻣ ﺔ ﻻﻧﺨﻔ ﺎض اﻟﻤﻐﻨﻴﺴ ﻴﻮم ﺑﻤﺼ ﻞ اﻟ ﺪم ﻣ ﻊ.ﻓﺮط ﺛﻼﺛﻲ اﻟﻜﻠﻴﺴﻴﺮاﻳﺪ( وﺗﻘﺎدم اﻟﻤﺮض ﻟﺪى اﻟﻤﺼ ﺎب
 ﻓ ﺮط اﻟﻜﻮﻟﻴﺴ ﺘﻴﺮول ﺿ ﻤﻦ اﻟﺒ ﺮوﺗﻴﻦ اﻟﺸ ﺤﻤﻲ ﻗﻠﻴ ﻞ اﻟﻜﺜﺎﻓ ﺔ و، ﻓ ﺮط إﺟﻤ ﺎﻟﻲ اﻟﻜﻮﻟﻴﺴ ﺘﻴﺮول،آﻞ ﻣﻦ ﻓﺮط ﺛﻼﺛ ﻲ اﻟﻜﻠﻴﺴ ﻴﺮاﻳﺪ
آﺬﻟﻚ ﻓﺮط ﺧﻀﺎب اﻟﺪم اﻟﻤﺴﻜﺮ ﺗﺸﻜﻞ دﻋﻤﺎ ﻟﻠﺪور اﻻﻓﺘﺮاﺿﻲ ﻻﻧﺨﻔﺎض اﻟﻤﻐﻨﻴﺴﻴﻮم ﺑﻤﺼﻞ اﻟ ﺪم ﻓ ﻲ اﻻﺿ ﻄﺮاﺑﺎت اﻻﻳﻀ ﻴﺔ
 ﻣﻤﺎ ﻳﺒﺮز اﻟﺤﺎﺟﺔ إﻟﻰ إﺟﺮاء دراﺳﺎت ﻣﺴﺘﻔﻴﻀ ﺔ ﺣ ﻮل،اﻟﻤﺮﺗﺒﻄﺔ ﺑﺎﻋﺘﻼل اﻟﺸﺒﻜﻴﺔ ﻟﺪى ﻣﺮﺿﻰ اﻟﻨﻮع اﻟﺜﺎﻧﻲ ﻣﻦ داء اﻟﺴﻜﺮي
ﺗ ﺄﺛﻴﺮات إﻋﻄ ﺎء اﻟﻤﻐﻨﻴﺴ ﻴﻮم ﻟﻤﺮﺿ ﻰ اﻟﺴ ﻜﺮي و اﺧﺘﺒ ﺎر ﻃﻴ ﻒ اﻟﺘﻐﻴ ﺮات اﻻﻳﻀ ﻴﺔ اﻻﻳﺠﺎﺑﻴ ﺔ اﻟﻤﺘﻮﻗﻌ ﺔ ﻣ ﻊ دراﺳ ﺔ ﻣ ﺪى
.اﻻﻧﺨﻔﺎض اﻟﻤﺤﺘﻤﻞ ﻻﺣﺘﻤﺎﻟﻴﺔ اﻹﺻﺎﺑﺔ ﺑﺎﻋﺘﻼل اﻟﺸﺒﻜﻴﺔ

M

agnesium
(Mg)
is
the
second
predominant
component
in
the
intracellular
compartment,
an
important
regulator of many cellular processes, and a cofactor of more than ٣٠٠ essential metabolic
reactions including those which utilize or
produce Mg ATP complex.١. It has been recently
pointed out that Mg deficiency is related to
several life style- related diseases, such as
hypertension, hyperlipidaemia, and ischemic
heart disease. ٢,٣ Magnesium plays an important
role in carbohydrate metabolism and its
imbalance has been implicated in diabetes
mellitus (DM) as a cause and a consequence .٤-٦
A large body of evidence has been
progressively accumulated in the past years that
shows a link between hypomagnesaemia and
reduction of tyrosine- kinase activity at the
insulin receptor level, which may result in the
impairment of insulin action.٧-٩. In this way
hypomagnesaemia has been regarded as a
cause for insulin resistance, although however
being a consequence of hyperglycaemia which,
independent of insulin or other responses due to
oral glucose ingestion has a potential role in
١٠
cellular ionic changes of free calcium and Mg.
The low availability of intracellular Mg does not
only diminish tyrosin- kinase activity but also
٢٠٠٨ Mosul College of Pharmacy

increases vascular constriction mediated by
calcium and thus interfering with the usage of
the cellular glucose. Such mechanisms
contribute to both increased blood pressure and
insulin resistance.٧, ١١
The
association
between
DM
and
hypomagnesaemia is compelling for its wide
ranging impact on diabetic control and
complications. ٤. The chronic complications of
diabetes develop when cells are chronically
exposed to hyperglycaemia. The non- enzymatic
glycosylation of cellular proteins and the
accumulation of polyol as sorbitol result in the
formation of the end products of advanced
glycosylation in different tissues. This process
aids to trigger macrovascular complications like
dyslipdaemia atherosclerosis, hypertension and
microvascular complications like neuropathy,
nephropathy and retinopathy.١٢. Advanced
glycosylation end products are thought to play a
major pathogenic role in diabetic retinopathy (١٣).
Magnesium depletion has been linked to the
development of diabetic retinopathy.٤,١١,١٤
Although strict metabolic control in diabetes is
believed to delay the development of late
complications, it has been demonstrated
conclusively that such a control restrains the
development of retinopathy in diabetic patients.
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This study aims to study serum magnesium
status in relation to glycated haemoglobin
(HbA١c) and serum lipid profile in patients with
diabetic retinopathy.

Patients and methods
This is a case- control study that was carried out
over a period of ٣ months started from May ١st.
to July ٣١st. ٢٠٠٨. It enrolled a randomly selected
sample of known cases of type ٢ DM who are
regularly attending "Al- Wafaa Center for
Diabetes Treatment and Research" in Western
Mosul.
Patients who agreed to participate in the
study were referred for ophthalmological
assessment
by
a
specialist
in
the
"Ophthalmology Outpatient Clinic" in AlJumhory Teaching Hospital. They were
assessed for the presence or absence of
diabetic retinopathy using direct and indirect
ophthalmoscopy. Subjects with hypertension,
chronic diahroea, and/ or on diuretics were
excluded from the study.
Finally, based on the ophthalmological
assessment, a randomly selected group of ٢٥
diabetic patients without retinopathy (١١ males
and ١٤ females) formed Group (١) and another
group of ٢٥ diabetics with retinopathy (١٥ males
and ١٠ females) joined Group (٢).
A control group of ٢١ subjects (١١ males and ١٠
females) was randomly selected for comparison
forming Group ٣. They were apparently healthy
age and sex matched non- diabetic individuals
who agreed to be the control volunteers in this
study.
A six- ml blood sample was collected from all
diabetic and non- diabetic participants following
overnight fasting. EDTA tubes were used to
collect around one- half ml whole blood
specimens which were kept refrigerated at ٢-٨ cº
for estimation of glycated haemoglobin (HbA١c)
in weekly batches. The remaining blood was
collected in plain tubes, allowed to clot and
serum was separated by centrifugation at ٣٠٠٠
rpm for ١٠- ١٥ minutes and kept frozen at – ٢٠ cº
for the estimation of serum lipids and
magnesium in weekly batches as well.
Specimens
handling
and
biochemical
measurements were carried out in the
Laboratory of Clinical Biochemistry, Department
of Biochemistry, Mosul Medical College.
٢٠٠٨ Mosul College of Pharmacy
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The estimation of HbA١c was done using a
modified quantitative colorimetric method with
the use of a kit purchased from Stanbio
Laboratory (USA). In this method a preparation
of haemolyzed whole blood is mixed with
binding cation- exchange resin. The nonglycated haemoglobin (HbAº) binds to the resin
leaving (HbA١) free to be removed by means of
a resin separator in the supernatant. Results
were directly reported as HbA١c using the
standard concentration of ٧.٦%.
Serum magnesium was measured using
Gindler, Heth and Khayam- Bashi method (١٥, ١٦)
where calmagite, a metallochromic indicator
forms a colored complex with magnesium in
basic medium. The measured absorbance is
proportional to magnesium concentration in the
specimen. Magnesium assessment was done
using a kit purchased from Biolabo (France).
Determination of serum total cholesterol (TC),
high density lipoprotein cholesterol (HDL-C) and
triglycerides (TGs) was performed using
enzymatic methods (١٧). Low density lipoprotein
cholesterol (LDL- C) was calculated using
Friedwald formula for those with serum
triglycerides < ٤.٥ mmol/L where LDL- C
(mmol/L) = TC- (HDL-C + TG x ٠.٤٥٥) (١٨).
The statistical analysis used in this study
included the standard statistical methods to
determine the mean, standard deviation (SD),
and range (minimum - maximum). Unpaired
Student's t- test was used to compare the mean
values of the studied parameters. In addition,
the association between the biochemical
markers studied was done using linear
regression
analysis.
Forward
Stepwise
(Conditional) Multiple Regression analysis was
performed and the Odds ratios were calculated
for the studied parameters as a reflection for
their contribution to the risk of development of
diabetic retinopathy. Differences between
observations were considered not significant as
p>٠.٠٥.

Results
The results of the analyzed data are presented
according to the grouping of subjects enrolled in
this study. Fifty known cases of type ٢ diabetes
mellitus (DM) and other ٢١ apparently healthy
age and sex matched non-diabetic subjects
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formed the three study groups and these groups
are:
Group ١.. Diabetics without Retinopathy
It included ٢٥ type ٢ diabetic subjects (١١ males
and ١٤ females) proved not to have retinopathy
as
assessed
by
direct
and
indirect
ophthalmoscopy. They aged ٤٠- ٦٧ years (mean
٥٣.٨ ± ٧.٣٨ years). Their history of having DM
ranged between ١- ١٧ years with the mean
duration of ٤.٨٤ ± ٣.٦٩ years.
The mean serum magnesium concentration
for patients in this group was ٠.٧١ ± ٠.١٦ mmol/L
(range ٠.٤١- ٠.٩٩ mmol/L). On the other hand,
fasting serum triglycerides levels ranged
between ١.٥- ٣.٩٤ mmol/L (mean ٢.٢٦ ± ٠.٦
mmol/L).
The mean serum total cholesterol level was
٥.٧٣ ± ٠.٦٦ mmol/L (range ٤.٥٨- ٧.٣٨ mmol/L),
while that of HDL- Cholesterol levels was ١.١٧ ±
٠.٢٢ mmol/L (range ٠.٨٣ – ١.٧٤ mmol/L). Lowdensity lipoprotein – cholesterol (LDL- C) values
estimated using Friedwald's formula ranged
between ٢.٤٩- ٤.٧٩ mmol/L (mean ٣.٥٣ ± ٠.٥٩
mmol/L). The mean HbA١c level for patients in
this group was ٨.٠٥% ± ١.٠٩ (range ٥.٩٦١٠.٣١%).
Group ٢. Diabetics with Retinopathy
This group is composed of ٢٥ type ٢ diabetics
with changes of diabetic retinopathy in either
one or both eyes i.e having microaneurysms
with exudates, hemorrhages and vascular
proliferative changes. They were ١٥ males and
١٠ females who aged ٤٣- ٦٧ years (mean ٥٦.٣٦
± ٥.٩٦ years). They had DM for a period ranged
between ٢- ٢٧ years (mean ١٢.٣٢ ± ٦.٢٤ years).
Compared to patients in group (١), the mean
serum magnesium concentration for patients in
this group was ٠.٥٧ ± ٠.١١ mmol/L (range ٠.٤٠.٨١ mmol/L). However, serum triglycerides
levels ranged between ٢.٠١- ٥.٢٩ mmol/L with
the mean of ٣.٢٩ ± ٠.٨٦ mmol/L and the mean
serum total cholesterol level was ٦.١٧± ٠.٩١
mmol/L (range ٥.١٥- ٨.٦٨ mmol/L).
High density lipoprotein – cholesterol levels
ranged between ٠.٧٨ – ١.٣٧ mmol/L with the
mean concentration of ١.٠٤ ± ٠.١٨ mmol/L, while
LDL- C values ranged between ٢.٣١- ٥.٥٢
mmol/L with the mean of ٣.٧٢ ± ٠.٩٤ mmol/L.
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However, the mean HbA١c level in this group
was ١٠.٧٣% ± ١.١١ (range ٨.٩٥- ١٣%).
Group ٣. Control Group
This group is composed of ٢١ apparently healthy
non- diabetic subjects who volunteered to
participate in this study as a control sample.
They were ١١ males and ١٠ females with a
mean age of ٥١.١ ± ٨.٧٣ years (range ٣٩- ٦٥
years). Initially, they were ٢٥ subjects (١٤ males
and ١١ females) with negative family history of
diabetes and a recent normal fasting plasma
glucose testing. However, upon testing their
HbA١c values, ٤ of them (٣ males and ١ female)
exhibited
elevated
concentrations
of
glycosylated hemoglobin (more than ٦.٢%)
reflecting abnormal glycemic status and thus
were excluded from the control group.
Their fasting serum concentrations of Mg, TGs,
TC, HDL- C and LDL- C were ٠.٩٧ ± ٠.١٧
mmol/L (range ٠.٧٧- ١.٣٥ mmol/L), ١.٣٩ ± ٠.٣٩
mmol/L (range ٠.٨٧- ٢.١٦ mmol/L), ٤.٧٤ ± ٠.٨٠
mmol/L (range ٣.٤٢ – ٦.٦٨ mmol/L), ١.٢٩ ± ٠.٢٣
mmol/L (range ٠.٩٣- ١.٧٩ mmol/L) and ٢.٨٥ ±
٠.٦٨ mmol/L (range ١.٦٨- ٣.٩٩ mmol/L)
respectively. However, the mean HbA١c
concentration in this group was ٥.٠٥% ± ٠.٦٨
(range ٤.١١- ٦.٢٠ %).
Unpaired Student's t- test was used to
compare the mean values for the measured
serum biochemical parameters and HbA١c
between diabetics in Group (١) i.e. those without
retinopathy and those in Group (٢) i.e. those
with retinopathy on one hand, and between
patients in group (١) and the control group
(Group ٣) on the other hand.
This test revealed that the mean serum
magnesium was significantly lower in group ٢
compared to that for those in Group ١ (t= ٣.٥٤٦,
p< ٠.٠٠١). Meanwhile, statistically significant
differences were also seen in the mean serum
TGs, HDL- C, and HbA١c comparing both (t=
٤.٩, p< ٠.٠٠٠١; t= ٢.٢٩, p<٠.٠٥; t= ٨.٥٨, p<
٠.٠٠٠١ respectively). No statistically significant
differences were noticed in the mean serum total
cholesterol and serum LDL- C concentrations
comparing the two groups (p> ٠.٠٥). Besides the
comparison of the biochemical markers, this test
revealed a significant statistical difference in
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the mean duration of diabetes among patients
without and those with retinopathy (t= ٥.١٦, p<
٠.٠٠٠١).
This test was applied again to compare the
same parameters between diabetics without
retinopathy (Group ١) and the control subjects in
Group (٣). All comparisons of almost all
biochemical parameters (including serum total
cholesterol and LDL- C) showed significant
statistical differences in their mean values. The
mean± SD values for serum magnesium,
triglycerides, total cholesterol, HDL- C, LDL- C,
and HbA١c of the three study groups are shown
in Table (١).
Linear regression analysis was then applied
to study the relationship between serum
magnesium, which is the main target
biochemical marker in this work, and other
measured parameters. The analysis was applied
for all subjects in the three study groups so that
changes in the dependent and thus those in the
independent biochemical variables would be
more clear and evident. The analysis revealed a
significant inverse relationship between serum
magnesium and TGs (r= - ٠.٦٤٦, p< ٠.٠٠١), TC

(r= - ٠.٤٧, p< ٠.٠٠١), LDL- cholesterol (r= ٠.٣٣٥, p=٠.٠٠٤), and HbA١c (r= - ٠.٨٢٥, p<
٠.٠٠١). However, a significant positive
correlation was noticed between serum
magnesium and serum HDL- cholesterol
concentrations (r= ٠.٣٩٥, p= ٠.٠٠١). Results of
linear regression analysis are illustrated in
Figures ١, ٢, ٣, ٤ and ٥.
The variables of concern (the biochemical
items beside the duration of diabetes) were
further assessed as their contribution to the risk
for the development of diabetic retinopathy
using "Forward Stepwise (Conditional) Multiple
Regression Analysis" after standardization of
data that belong to all type ٢ diabetic subjects
enrolled in this study. This test revealed that the
duration of DM in addition to hypomagnesaemia
and poor glycaemic control (expressed as high
HbA١c concentrations) are the most important
contributors for the development of diabetic
retinopathy for patients examined. The
coefficients of logistic regression, odds ratios
and the ٩٥% confidence intervals for the above
three important correlates are shown in Table
(٢).

Table ١. Results (mean ± SD) of serum magnesium, lipid profile and glycated haemoglobin (HbA١c) in
the three study groups.
Parameters

Serum
Magnesium
(mmol/L)

Serum
Triglycerides
(mmol/L)

Serum
Total
Cholesterol
(mmol/L)

Serum
HDL- Cholesterol
(mmol/L)

Serum
LDLCholesterol
(mmol/L)

HbA١c
(%)

٠.٧١± ٠.١٦

٢.٢٦± ٠.٦٠

٥.٧٣± ٠.٦٦

١.١٧± ٠.٢٢

٣.٥٣± ٠.٥٩

٨.٠٥± ١.٠٩

٠.٥٧± ٠.١١

٣.٢٩± ٠.٨٦

٦.١٧± ٠.٩١

١.٠٤± ٠.١٨

٣.٧٢± ٠.٩٤

١٠.٧٣± ١.١١

٠.٩٧± ٠.١٧

١.٣٩± ٠.٣٩

٤.٧٤± ٠.٨٠

١.٢٩± ٠.٢٣

٢.٨٥± ٠.٦٨

٥.٠٥± ٠.٦٨

< ٠.٠٠١ *

< ٠.٠٠٠١ *

> ٠.٠٥ *

< ٠.٠٥ *

> ٠.٠٥ *

< ٠.٠٠٠١ *

< ٠.٠٠٠١ **

< ٠.٠٠٠١ **

< ٠.٠٠٠١ **

< ٠.٠٠١ **

< ٠.٠٠٠١ **

< ٠.٠٠٠١ **

Groups
Group ١
(Diabetics without
retinopathy)
(n= ٢٥)
Group ٢
(Diabetics with
retinopathy)
(n= ٢٥)
Group ٣
(Control Group)
(n= ٢١)

p- Value

* Group ٢ Vs. Group ١, ** Group ١ Vs. Group ٣
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Table ٢. Results of Forward Stepwise (Conditional) Multiple Regression analysis of studied variables as
risk factors for diabetic retinopathy in the studied patients.
Coefficient of Logistic
Regression

p- Value

Odds Ratio

١.٩٩٦

< ٠.٠٥

٧.٣٦

٢.٨١٢

< ٠.٠٥

١٦.٦٥

٦.٣٤

< ٠.٠١

٥٦٦

Duration of Diabetes
Serum Magnesium

Serum Triglycerides
(mmol/L)

HbA١c

6

Group1

5

Group2

4

Group3

y = -2.993x + 4.5796
r = - 0.646
p<0.001

3
2
1
0
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Serum Magnesium (m m ol/L)

Serum Total cholesterol
(mmol/L)

Figure ١. Linear regression analysis of serum magnesium (mmol/L) and serum triglycerides (mmol/L)
in the study groups.

Group1

10

y = -2.1062x + 7.1475
r = - 0.470
p<0.001

Group2

8

Group3

6
4
2
0
0

0.5

1

1.5

Serum Magnesium (m m ol/L)

Serum HDL-cholesterol (mmol/L)

Figure ٢. Linear regression analysis of serum magnesium (mmol/L) and serum total cholesterol
(mmol/L) in the study groups.
Group1

2

Group2

1.5

Group3

1
y = 0.4152x + 0.8502
r = 0.395
p=0.001

0.5
0
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Serum Magnesium (m m ol/L)

Figure ٣. Linear regression analysis of serum magnesium (mmol/L) and serum HDL- cholesterol
(mmol/L) in the study groups.
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6

Group1

5

Group2
Group3

4
3
2

y = -1.2761x + 4.3411
r = - 0.335
p= 0.004

1
0
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Serum Magnesium (m m ol/L)

Figure ٤. Linear regression analysis of serum magnesium (mmol/L) and serum LDL- cholesterol
(mmol/L) in the study groups.

HbA1c (%)

14

Group1

12

Group2

10

Group3

y = -9.4451x + 15.086
r = - 0.825
p<0.001

8
6
4
2
0
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Serum Magnesium (m m ol/L)

Figure ٥. Linear regression analysis of serum magnesium (mmol/L) and HbA١c(%) in the study
groups.

Discussion
The tendency to hypomagnesaemia in patients
with diabetes mellitus may be attributed to
glycosuria- related magnesiuria, nutritional
factors and/or hyperinsulinaemia.١٩ Several
large observational studies, including the
Atherosclerosis Risk in Communities (ARIC)
Study have demonstrated a strong crosssectional
association
between
serum
magnesium levels and type ٢ diabetes. ٨, ٢٠-٢٢
Hypomagnesaemia could be involved in the
development of poor metabolic control and
chronic diabetic sequels including both macro
and microangiopathic complications.١٤, ٢٣. Of
these chronic microvascular complications,
magnesium depletion has been linked to the
development of retinopathy ٤, ١١, ١٤
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The pathogenesis of diabetic retinopathy is
not completely understood, but established risk
factors include poor glycaemic control,
hypertension, increasing age, and duration of
diabetes.٢٤ Moreover; besides magnesium
depletion, several cross- sectional studies have
shown positive association between diabetic
retinopathy and conventional plasma lipid profile
(٢٥, ٢٦).
Hence, this study highlighted the serum
magnesium status and the serum lipid profile in
relation to levels of glycated haemoglobin
(HbA١c) as an index for the long term metabolic
control in a group of type ٢ diabetics with
retinopathy compared to another group of
diabetics without it.
This study revealed that diabetic patients
with retinopathy exhibited a significantly lower
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mean
serum
magnesium
concentration
compared to those without retinopathy (٠.٥٧±
٠.١١ mmol/L Vs. ٠.٧١± ٠.١٦ mmol/L, p< ٠.٠٠١).
Meanwhile, the mean serum magnesium level in
diabetics without retinopathy was much lower
than that of the control group (٠.٧١± ٠.١٦ mmol/L
Vs. ٠.٩٧± ٠.١٢ mmom/L, p< ٠.٠٠٠١). These
findings are in agreement with those revealed by
Consequently, these
other workers. ١٤, ٢٧
findings would rather support the suggestion
that hypomagnesaemia is a possible risk factor
for the development, severity, and progress of
diabetic retinopathy.
Beside the overt magnesium depletion in
diabetics with retinopathy, and as an established
metabolic fact in diabetes mellitus, the impact of
poor glycaemic control on the development of
diabetic microangiopathy was obvious in this
work. This is evident by the high figure of HbA١c
mean value in diabetic patients with retinopathy
compared to those diabetics who did not have it
(١٠.٧٣%± ١.١١ Vs. ٨.٠٥%± ١.٠٩, p< ٠.٠٠٠١).
Glycated haemoglobin (HbA١c) has a special
affinity for oxygen thereby causes increasing
tissue hypoxia and thus plays an important role
in the causation of macro and microangiopathic
complication of diabetes. ٢٨. Furthermore, both
of the Diabetes Control and Complications Trial
(DCCT) study and the UK Prospective Diabetes
Study (UKPDS) have shown a reduction in the
risk of diabetic complications with the reduction
of HbA١c. ٢٩, ٣٠ Concerning retinopathy, the
DCCT revealed that a sustained reduction of
HbA١c from ٩.٠% to ٧.٠% over ٦.٥ years led to a
reduction in the risk of developing retinopathy of
about ٧٦%.٢٩
The current work showed a statistically
significant negative correlation between the
levels of serum magnesium and HbA١c values
(r= - ٠.٨١٣, p< ٠.٠٠١). This finding was already
shown in other studies.
Many studies over the past years have
suggested a relationship between serum lipid
levels and diabetic retinopathy. It has been
postulated that elevation of blood viscosity and
alterations in the fibrinolytic system occurs in
hyperlipidaemia would cause hard exudates
formation.٣١. On the other hand, triglycerides
incorporation into the cell membranes leads to
changes in membrane fluidity and leakage of
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plasma constituents into the retina resulting in
hemorrhages and oedema in the retina.٣٢
The present study revealed that type ٢ diabetics
who have developed retinopathy exhibited
extremely higher mean fasting serum TGs levels
compared to diabetics without retinopathy (٣.٢٩±
٠.٨٦ mmol/L Vs. ٢.٢٦± ٠.٦٠ mmol/L), with a
statistically significant difference at p< ٠.٠٠٠١.
Although it is obvious that the mean values of
serum TC and LDL- cholesterol concentrations
in diabetics with retinopathy were higher than
those in diabetics without retinopathy (despite
the absence of significant statistical differences,
p> ٠.٠٥), but however, like serum TGs; serum
HDL- cholesterol levels were found to exhibit a
statistically significant difference comparing both
groups (mean ١.٠٤± ٠.١٨ mmoml/L Vs. ١.١٧±
٠.٢٢ mmom/L, p< ٠.٠٥).
The findings of this study are similar to those
of Kareem et al. in ٢٠٠٤, who just studied
changes of serum TC and TGs in forty type ٢
diabetics with retinopathy compared to ٣٠ type ٢
diabetics without retinopathy. They showed
significantly higher TC and TGs mean values in
those with retinopathy at p< ٠.٠٠١.٢٧.
Several studies have shown conflicting results
about role of serum lipids in diabetic retinopathy
(٣٣)
. Sinav et al. reported that while plasma TC
and HDL- cholesterol were related to
proliferative retinopathy, serum triglycerides
were not (٣٤). On the contrary, Weber et al.
reported that serum triglycerides, but not
cholesterol, were associated with diabetic
retinopathy in children with type ١ diabetes.٣٥.
However, Kordonouri et al. showed HDLcholesterol to be the most important variable
related to the development of retinal lesions in
children with type ١ diabetes. ٣٦.
It was evident when this study compared
diabetics without retinopathy (Group ١) with
the healthy controls that diabetics have got
higher mean serum TC , TGs and LDLcholesterol values and a significantly lower
mean HDL- cholesterol (p< ٠.٠٠٠١ for all).
This is similar to a study in ٢٠٠٧ by Maduka et
al. who tried to identify and characterize the
lipids and lipoprotein abnormalities associated
with ١١٧ type ٢ diabetics compared to ٥٨ age
They revealed
matched controls.٣٧
statistically significant increases (p< ٠.٠١) in
the mean values of triglycerides, total
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cholesterol, and VLDL- cholesterol for
diabetics compared to their corresponding
controls.
This study revealed a significant negative
correlation between serum magnesium levels
on one hand and fasting serum TGs, TC, and
LDL- cholesterol concentrations on the other
hand (p< ٠.٠٠١ with all). A study by Corica et
al. has also revealed that high plasma
triglycerides are independent important
correlates
of
the
highly
prevalent
hypomagnesaemia in diabetic patients
besides increased waist circumference and
albuminuria. ٣٨
The current study, using Forward Stepwise
regression analysis, revealed that among the
studied parameters hypomagnesaemia, poor
glycaemic control (as elevated HbA١c) and
increasing duration of DM are the most
important contributors to the risk of developing
diabetic retinopathy as was already shown in
Table ٢.
These findings would rather prove the
suggested role of serum magnesium in the
metabolic control of DM and the risk of longterm diabetic complications in the presence of
hypomagnesaemia.
The
influence
of
magnesium depletion in diabetic patients on
glycaemic control and dyslipidaemia mainly
hypertriglyceridaemia was evident in a study
by Yokota et al. in ٢٠٠٤ when they studied the
effects of magnesium supplementation on
nine mild type ٢ diabetics.٣ They revealed a
marked decrease of the initially high mean
serum triglycerides level after supplementation beside the improvement in the mean
blood pressure and the glycaemic control.
In conclusion, magnesium depletion is a
significant risk factor for, and a frequent
finding in, diabetic retinopathy beside poor
glycaemic control, dyslipidaemia (mainly
hypertriglyceridaemia),
and
increasing
duration of uncontrolled diabetes. The
significant association between hypomag=
nesaemia and the high fasting serum levels of
TGs, TC, LDL- cholesterol and HbA١c would
rather support the suggested role for
magnesium depletion in the metabolic
derangements associated with retinopathy in
٩. in Pima Indians and Caucasians. J Clin
Endocrinol Metab ١٩٩٥;٨٠:١٣٨٢-١٣٨٥.
٢٠٠٨ Mosul College of Pharmacy
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diabetic patients. Further studies on the role
of magnesium supplementation for diabetic
patients are necessary to investigate the
spectrum of metabolic improvements following
magnesium therapy and the degree to which
the risk of diabetic retinopathy might be
reduced.
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