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Abstract  Original Research Article 
 

Background: Diabetes mellitus (DM) characterized by metabolic disorders related to high levels of serum glucose is 

one of the most common diseases associated with magnesium (Mg) depletion in intra and extra cellular compartments. 

Hypomagnesemia has been related as a cause to insulin resistance also being a consequence of hyperglycemia. When 

it is chronic, it leads to the development of macro and microvascular complications of diabetes. Objective: To compare 

the serum magnesium status among type 2 diabetes mellitus patients with and without diabetic retinopathy. Methods: 

This analytical study was conducted at Department of Ophthalmology, Bangabandhu Sheikh Mujib Medical 

University (BSMMU). A total of 76 Type 2 diabetic patients were divided into two groups -with and without diabetic 

retinopathy. Patients were selected through purposive sampling method after considering the inclusion criteria. After 

taking informed written consent, comprehensive ocular examination, samples for serum Magnesium and HbA1c were 

collected. Serum Magnesium was estimated by enzymatic method. Results: The age of the respondents was in 

between 40 to 60 year and the mean age was 49.16± 7.17 year. Majority respondent (58%) was female, 47.4% had DM 

for &gt;15 year, 81.6% had normal level of Mg and rest 18.4% had hypomagnesemia. Majority respondents (84.2%) 

belonged to ≥6.5 HbA1c level group, 51.3% respondents had RBS level ≥11.1 mmol/l and 71.1% respondents 

belonged to overweight/Obese group. Statistically significant relationship was found between age of the respondent 

and DR (p=0.043), duration of DM and DR (p=0.005), Mg level and DR (p=≤0.001) and BMI and DR (p=0.043). The 

difference of Mg value between two groups (Diabetic retinopathy and nondiabetic retinopathy) was statistically 

significant (p=0.002). Statistically significant relationship was found between age of the respondent and Serum Mg 

Level (p=≤0.001), duration of DM and Serum Mg level (p=0.012) and between BMI and Serum Mg level (p=0.043). 

Conclusion: This study revealed that hypomagnesemia along with duration of diabetes made patients more susceptible 

to develop diabetic retinopathy. 

Keywords: Diabetic retinopathy, Diabetes mellitus. 
Copyright © 2025 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

INTRODUCTION 
Diabetic retinopathy is one of the dangerous 

complications of DM and also is a leading cause of 

acquired blindness in adults. Several risk factors are 

related to the development and progression of 

retinopathy such as the duration of DM, poor glycemic 

control, dyslipidemia, hypertension and 

hypomagnesemia [1]. Magnesium is the fourth most 

abundant cation in the human body Cation [2], it has an 

atomic mass of 24.32 and an atomic number of 12. 

Approximately half of the body's magnesium is found 

in the skeletal system, of which one-third is 

exchangeable [3]. Magnesium influences the activity of 

enzymes by (i) binding to ligands such as ATP in ATP-

requiring enzymes, (ii) binding to the active site of the 

enzyme, eg. enolase, pyruvate kinase, pyrophosphatase, 

(iii) causing a conformational change during the 

catalytic process,eg. Na+, K+-ATPase, (iv) promoting 
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the aggregation of multi-enzyme complexes eg. 

aldehyde dehydrogenase, or (v)a mixture of the above 

mechanisms, eg. F1-ATPase. Most of the body's 

Magnesium stores are intracellular, principally within 

bone. In the extracellular fluid, Magnesium can be 

ionized (free), bound to anions, or bound to protein. 

Normal concentrations of extracellular Magnesium and 

calcium are crucial for normal neuromuscular activity. 

Intracellular Magnesium forms a key complex with 

ATP and is an important cofactor for a wide range of 

enzymes, transporters, and nucleic acids required for 

normal cellular function, replication, and energy 

metabolism. Over 300 enzymes are dependent on 

Magnesium. A possible relationship between DM and 

hypomagnesemia was first suggested in 1952. DM, or 

more specifically hyperglycemia, appears to induce 

magnesium depletion both directly via osmotic diuresis 

and indirectly by its effect on vitamins, ions, and 

proteins. It has been reported that the incidence of mild 

hypomagnesemia in patients with DM may be as high 

as 25 percent [4]. Ocular structures where Mg is present 

includes cornea, lens, retina, vitreous body and anterior 

chamber. Mg provides neurovascular protective effects 

by mediating through activation of endothelial nitric 

oxide synthase and inhibition of endothelin-1 eventually 

result in vasodilatation of retinal vessels. Endothelin-1 

has been shown to cause vasoconstriction of retinal 

vessels and has mitogenic effects on retinal pericytes. 

Alterations in the pericyte-endothelin interaction 

ultimately causes early hemodynamic and 

histopathological abnormalities found in diabetic 

retinopathy [5]. Hence Magnesium has a protective role 

to play in preventing DR by inhibiting Endothelin-1. 

Being a major cofactor for the normal cellular 

metabolism to produce ATP,
 
Magnesium is found to be 

involved in regulating the intracellular ionic balance 

and, thus, maintain the functional and structural 

integrity of many ocular tissues [6]
 
Magnesium is a 

cofactor in phosphorylation of glucose, and it helps in 

carbohydrate metabolism [7]. Many studies have been 

shown reduced magnesium concentrations in diabetic 

adults [8]. In diabetic patient’s reduced intracellular Mg 

concentrations results in abnormal tyrosine-kinase 

activity, post receptorial impairment in insulin action, 

and insulin resistance worsening [9].
 
Not only Patients 

with diabetes have lower serum Mg levels compared 

with their counterparts without diabetes, but also the 

serum Mg levels among the cohort with diabetes had an 

inverse correlation with the retinopathy [10]. 

Hypomagnesaemia linked with diabetic retinopathy was 

reported in two cross-sectional studies that included 

both insulin-dependent and non-insulin-dependent 

patients. In this way, Magnesium depletion has been 

linked development of diabetic retinopathy [11]. So, we 

want to determine whether there is any correlation 

between serum magnesium levels and diabetic 

retinopathy in Type 2 diabetes patients who are more 

likely to experience hypomagnesemia. If an association 

is established, serum magnesium levels may be used as 

a prognosis indication, a management tool for DR and a 

probable indicator of the severity of diabetic 

complications. Studies on this parameter have been 

done in other areas but very few in our locality. Hence, 

we conducted this study with the aim to estimate serum 

magnesium levels in cases of type 2 DM with and 

without retinopathy and to compare the level of serum 

magnesium. 

 

MATERIALS & METHOD 
This was a cross-sectional study was 

conducted in the Department of Ophthalmology, 

Bangabandhu Sheikh Mujib Medical University 

(BSMMU) from July 2021 to August 2022. The study 

population comprised of 76 type 2 diabetic patients in 

total. Group 1 consisted of 38 patients with diabetic 

retinopathy and in group 2 there were 38 without 

diabetic retinopathy. Patients were in the age group 

older than 40 years either admitted or attending OPD at 

the department of Ophthalmology of BSMMU, Dhaka 

were included in this study. Purposive type of sampling 

technique was applied to enroll the patients. Sample 

was collected through non probability sampling method 

from patients who presented with T2DM with or 

without having DR. All patients had comprehensive 

ocular examination consisting of best corrected visual 

acuity using Snellen chart, Slit lamp biomicroscopy and 

Fundoscopic examination with direct ophthalmoscope 

and indirect ophthalmoscopy. BMI was calculated by 

dividing body weight by height squared (kg/m
2
). 

Laboratory data including RBS, HbA1c and serum 

Magnesium were investigated. The questionnaires were 

completed for individual patients during the course of 

the study to generate data. During sampling, with all 

aseptic precautions venipuncture at the antecubital vein 

was done and 6 ml blood was drawn for serum 

Magnesium and estimation of glycemic status. The 

samples were divided into three halves (2 ml each 

portion) introduced into three separate tubes. The 

samples were sent immediately after collection to the 

laboratory for analysis. Hence sample preservation was 

not required. The serum level of Magnesium was 

determined with automated analyzer Atellica or 

Beckman Coulter- AU 680 via Enzymatic (kinetic) 

method. Magnesium present in the sample acts as a 

cofactor in an enzymatic reaction with Isocitrate 

dehydrogenase. The rate of increase in absorption at 

340 nm, due to the formation of NADPH, is directly 

proportional to the Magnesium concentration. All data 

was processed by using SPSS program version 24. 

Results was described in frequencies or mean ± SD 

unless otherwise mentioned. All quantitative variables 

were estimated using measures mean and standard 

deviation. The summarized data was presented in the 

table and chart. Between groups, analysis was done by 

chi square, fisher’s exact test and independent sample 

test. p value < 0.05 was considered as statistically 

significant. 
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RESULTS 
 

Table I: Distribution of the respondent by age (N=76) 

Age Frequency Percentage 

≤45 Yrs. 28 36.8 

46-55 Yrs. 32 42.1 

>55 Yrs. 16 21.1 

Total 76 100 

Minimum age 40 year 

Maximum age 60 year 

Mean age 49.16 ± 7.17 year 

 

Table I show the distribution of respondents by 

age. The age of the respondents was in between 40 to 

60 year and the mean age 49.16 ± 7.17-year year. 

Maximum (42.1%) respondents belonged to 46-55-year 

age group. 36.8% respondents belonged to ≤45, and rest 

21.1% belonged to >55-year age group. 

 

 
Figure 1: Column chart showed distribution of the respondent by duration of DM (In years) (N=76) 

 

Figure 2 shows distribution of the respondent 

by duration of DM (In year). Majority respondents 

(47.4%) had DM for >15 year. 28.9% respondent had 

DM for ≤10 year and 23.7% respondents had DM for 

11-15 year. 

 

 
Figure 2: Pie chart showed distribution of the respondent by level of BMI (N=76) 

 

Figure 5 shows distribution of respondents by 

level of BMI. Majority (71.1%) respondents belonged 

to overweight/Obese group. Rest 28.9% belonged to 

normal group. 

 

 

 

Table II: Relationship between Mg level and DR (N=76) 
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Level of Mg Presence of DR Total p value 

DR Non-DR 

Hypomagnesemia 14 

(36.8%) 

0 

(44.7%) 

14 ≤0.001(χ
2 
test) 

Normal 24 

(63.2%) 

38 

(100%) 

62 

Total 38 38 76 

 

Table II shows relationship between Mg level and DR. Statistically significant relationship was found between 

Mg level and DR (p=≤0.001) 

 

Table III: Relationship between Mg level and DR (N=76) 

Presence of DR Mean value of Mg(mg/dl) Standard Deviation p value 

DR 1.84 0.39 0.002 

Non-DR 2.07 0.21 

 

Table III shows relationship between DR and 

serum Mg level of the respondent. Mean value of Mg 

for DR group was found lower than non-DR group. 

Mean Mg value for DR and non-DR group was 

1.84±0.39 (mg/dl) and 2.07±0.21(mg/dl) respectively. 

Independent sample t test showed the difference of Mg 

value between two groups was statistically significant 

(p=0.002) 

 

Table IV: Relationship between age of the respondent and Serum Mg Level (N=76) 

Age (In Year) Mg level Total p value 

Hypomagnesemia Normal 

≤45 Yrs. 0 

(26.3%) 

28 

(45.2%) 

28 ≤0.001(χ
2 
test) 

46-55 Yrs. 6 

(42.9%) 

26 

(41.9%) 

32 

>55 Yrs. 8 

(57.1%) 

8 

(12.9%) 

16 

Total 14 62 76 

 

Table IV shows relationship between age of 

the respondent and Serum Mg Level. Statistically 

significant relationship was found between age of the 

respondent and Serum Mg Level (p=≤0.001) 

 

Table V: Relationship between sex of the respondent and Serum Mg Level (N=76) 

Sex Mg level Total p value 

Hypomagnesemia Normal 

Male 6 

(42.9%) 

26 

(41.9%) 

32 0.95(χ
2 
test) 

Female 8 

(57.1%) 

36 

(58.1%) 

44 

Total 14 62 76 

 

Table V shows relationship between sex of the 

respondent and Serum Mg Level. Statistically 

significant relationship was not found between sex of 

the respondent and Serum Mg Level (p=0.95) 

 

Table VI: Relationship between duration of DM and Serum Mg level (N=76) 

Duration of DM (years) Mg level Total p value 

Hypomagnesemia Normal 

≤10 Yrs. 0 

(0%) 

22 

(35.5%) 

22 0.012 (Fisher’s Exact Test) 

11-15 Yrs. 6 

(42.9%) 

12 

(19.4%) 

18 

>15 Yrs. 8 

(57.1%) 

28 

(45.2%) 

36 

Total 14 62 76 
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Table VI shows relationship between duration 

of DM and Serum Mg level. Statistically significant 

relationship was found between duration of DM and 

Serum Mg level (p=0.012) 

 

 
Figure 3: Bar chart showed relationship between duration of DM and Serum Mg level (N=76) 

 

Table VII: Relationship between HbA1c level and Serum Mg level (N=76) 

HbA1c level Mg level Total p value 

Hypomagnesemia Normal 

<6.5 2 

(14.3%) 

10 

(16.1%) 

12 0.864(Fisher’s Exact Test) 

≥6.5 12 

(85.7%) 

52 

(83.9%) 

64 

Total 14 62 76 

 

Table VII shows relationship between HbA1c 

level and Serum Mg level. Statistically significant 

relationship was not found between HbA1c level and 

Serum Mg level (p=0.864). 

 

Table VIII: Relationship between BMI and Serum Mg level (N=76) 

BMI Mg level Total p value 

Hypomagnesemia Normal 

Normal 2 

(14.3%) 

20 

(32.3%) 

22 0.043(χ
2 
test) 

Overweight/Obese 12 

(85.7%) 

42 

(67.7%) 

54 

Total 14 62 76 

 

Table VIII shows relationship between BMI 

and Serum Mg level. Statistically significant 

relationship was found between BMI and Serum Mg 

level (p=0.043) 

  

DISCUSSION 
Diabetes Mellitus has imposed a massive 

economic burden on emerging on Bangladesh. Related 

comorbidity, expensive medicines, tests and increased 

out-of-pocket costs have made it more difficult for 

primary health care practitioners. As a result, research 

emphasis should be directed at avoiding or delaying 

complications through cost-effective therapies. We 

emphasized on magnesium levels in connection to 

glycemic control and retinopathy in this investigation. 

The age of the respondents was in between 40 to 60 

year and the mean age 49.16± 7.17 years. Statistically 

significant relationship was found between age of the 

respondent and diabetic retinopathy (p=0.043). In 

previous study it was found that increasing age was 

associated with diabetic retinopathy [12]. Statistically 

significant relationship was found between age of the 

respondent and Serum Mg Level (p=≤0.001). 

Statistically significant relationship was found between 

duration of DM and DR (p=0.005). In another study, 

direct link was also found between the duration of DM 

and DR [13]. Mean value of RBS for DR group was 

found higher than non DR group. Independent sample t 

test showed the difference of RBS value between two 

groups was not statistically significant (p=0.583). Singh 

et al., suggested that relationship between RBS value 

and diabetic retinopathy was statistically significant 

[14]. Statistically significant relationship was also 
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found between Blood glucose level and Serum 

magnesium which was in line with the study conducted 

by other study [15].
 

HbA1c is formed through the 

nonenzymatic binding of circulating glucose to 

hemoglobin. Higher levels of glucose in the blood 

contribute to more binding and consequent higher levels 

of HbA1c. Since the life span of an RBC is 120 days, 

HbA1c reflects average plasma glucose over the past 

few months. Statistically significant relationship was 

not found between HbA1c level and DR (p=0.529) and 

also statistically significant relationship was not found 

between HbA1c level and Serum Mg level (p=0.864). 

While another report shows a direct relationship 

between HbA1c level and hypomagnesemia [15]. Again 

autonomic neuropathy which is a common side effect of 

DM results into reduced absorption of Magnesium from 

the intestine. Hypomagnesemia has been observed to 

occur more frequently in persons with type 2 diabetes 

than in those having diabetes [16]. In this study, while 

evaluating serum magnesium with retinopathy, we 

found mean value serum Mg among DR patients was 

lower than non-DR patients and the difference was 

statistically significant (p =0.002). Similar findings 

have been observed that serum magnesium levels 

significantly lower in patients with diabetic retinopathy 

compared with diabetics without complications [17,18]. 

Increased endothelial cell destruction creates 

microaneurysms, which leak and cause maculopathy 

[19]. Through enhanced platelet aggregation and 

vascular calcifications, low Mg levels may induce 

endothelial cell failure and thrombogenesis [20]. Low 

Mg levels may also trigger a proinflammatory and 

profibrogenic response, because Mg is required for 

DNA synthesis and repair, Mg shortage may interfere 

with proper cell growth and apoptosis control. This 

would explain why hypomagnesemia was more 

prevalent in the diabetic retinopathy group [20]. There 

was significant difference of BMI between diabetic 

retinopathy and non-diabetic retinopathy in our study (P 

= 0.017). A statistically significant association was also 

discovered between the respondent's BMI and serum 

magnesium. On the other hand, found significant link 

between BMI and hypomagnesemia (OR - 1.05, P = 

0.04) and a high association between T2DM, which was 

an independent risk factor for hypomagnesemia (OR - 

3.77, P = 0.001) [21]. T2DM is the primary cause of 

low serum magnesium levels in overweight diabetics. In 

obese people, hypomagnesemia may worsen insulin 

resistance. This may predispose individuals to 

metabolic issues associated with diabetes. Statistically 

significant relationship was not found between sex of 

the respondent and serum magnesium level. Significant 

relationship was also not found between sex of the 

respondent and Diabetic Retinopathy. On the basis of 

the overall analysis of the data it can be concurred that 

age had link with the serum Magnesium level. Serum 

Magnesium level was found to reduce with the 

increasing duration of DM. Diabetic Retinopathy can be 

treated with oral magnesium supplements and diabetes 

management. Magnesium supplements are inexpensive 

and widely available, making this the most financially 

viable alternative for patients from low-income 

families. 

 

CONCLUSION 
It can be concluded from this study that with 

the reduction of the serum Magnesium level the chances 

of developing diabetic Retinopathy increases. Patients 

without DR were predominantly found to have normal 

magnesium concentration. Hypomagnesaemia is likely 

among patients with type 2 diabetes mellitus. Long term 

complications especially retinopathy may have 

hypomagnesemia as a contributing factor. Hence it is 

prudent that serum magnesium levels should be 

carefully monitored in diabetic patients. Future studies 

on the role of magnesium supplementation in type 2 

diabetes to prevent diabetic retinopathy in Bangladeshi 

population are recommended. 

 

LIMITATIONS  
The study design being analytical cross 

section, hence couldn’t identify the causal relation 

between the exposure and outcome also the relationship 

of serum magnesium with the different stages of 

diabetic retinopathy was not studied.  

 

RECOMMENDATIONS 
Multicentre study can be done to bring out 

actual scenario, carry out research on the effects of 

Insulin, oral hypoglycemic agents and lifestyle 

modification on serum Magnesium in type 2 diabetic 

patients and conduct Interventional studies on DR and 

non-DR patients following oral Magnesium 

supplementation in our country.  
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