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ABSTRACT 
	Background: Diabetic retinopathy remains a leading cause of visual impairment among patients with Type 2 diabetes mellitus. While common risk factors such as hyperglycemia and duration of diabetes are well established, the role of micronutrients like serum magnesium in the progression of diabetic retinopathy remains underexplored in sub-Saharan Africa.
Aims: To evaluate Serum Magnesium as a Predictor of Diabetic Retinopathy Severity Among Type 2 Diabetic Patients at KCMC Hospital From 2024-2025.
Objective: To assess the association between serum magnesium levels and the severity of diabetic retinopathy among patients with type 2 diabetes mellitus attending KCMC.
Study design:  Analytical cross-sectional study.
Place and Duration of Study: The study was conducted at Kilimanjaro Christian Medical Centre (KCMC), Moshi, Northern Tanzania, between 2024 and 2025.
Methodology: An analytical cross-sectional study was carried out at KCMC, involving 201 type 2 diabetic outpatients. Participants underwent fundus examination to assess the severity of diabetic retinopathy, and blood samples were collected for biochemical analysis. Data cleaning and statistical analysis were performed using STATA version 17.
Results: A total of 66.7% of participants had diabetic retinopathy, of whom 37.8% had non-proliferative DR (NPDR) and 28.9% had proliferative DR (PDR), while 33.3% had no diabetic retinopathy (NDR). Hypomagnesemia was identified in 14.4% of participants. Patients with low serum magnesium had significantly higher odds of developing more severe stages of DR (AOR = 2.25, p = 0.031). Additionally, a diabetes duration greater than five years was strongly associated with increased DR severity (AOR = 3.05, p = 0.006). Abnormal serum cholesterol was also significantly associated with DR severity (p = 0.011). However, age over 60 years, sex, and HDL levels were not significantly associated with DR severity in the adjusted models.
Conclusion: Low serum magnesium levels are significantly associated with increased DR severity and macular edema, suggesting magnesium as a potential modifiable risk factor. These findings support the integration of serum magnesium screening into diabetic care protocols to enhance early detection and prevention of diabetic eye complications in Tanzania.
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1. INTRODUCTION 

Diabetes mellitus (DM) is one of the chronic diseases with the quickest rate of growth in terms of prevalence worldwide. The International Diabetes Federation recently released data showing that 537 million adults worldwide had diabetes in 2021; projections indicate that number would rise to 783 million by 2045. About 30% of people with diabetes develop diabetic retinopathy (DR), a significant microvascular consequence. Thus, DR is a major contributor to adult avoidable vision loss and blindness, especially in higher-income nations (Yang et al., 2022)    

Diabetic retinopathy (DR) is the one of the most common microvascular consequences of diabetes mellitus, which primarily affects people with Type 2 diabetes mellitus (T2DM) (Poshtchaman et al., 2023). Prolonged hyperglycemia causes damage to the blood vessels that supply the retina, which, if left untreated, can result in blindness or vision impairment. This complex disorder is the outcome. DR is classified into two types: proliferative diabetic retinopathy (PDR), which is more severe and is characterized by the formation of new blood vessels on the retina, and non-proliferative diabetic retinopathy (NPDR)(Yang et al., 2022)

The majority of those impacted are those who have been diagnosed with Type 2 diabetes mellitus, a condition whose incidence has increased dramatically worldwide due to sedentary lifestyles, poor eating habits, and an aging population. Extended periods of diabetes, inadequate glycemic management, hypertension, dyslipidemia, and genetic predispositions are risk factors for the onset and advancement of diabetic retinopathy (DR). In addition, the risk is increased by lifestyle choices including obesity and smoking(Dika et al., n.d 2023) Diabetic retinopathy (DR) can have serious implications, varying from a slight blurring of vision to permanent visual loss. Vitreous hemorrhage, tractional retinal detachment, and diabetic macular edema (DME) are among the complications. These affect daily functioning, visual acuity, and quality of life(Ahmed et al., 2024)

It has been suggested that serum magnesium levels has been indicated as the risk of DR. After potassium, magnesium is the second-largest intracellular cation in the human body. More than 600 enzymes use it as a cofactor, and more than 200 enzymes use it as an activator. Furthermore, magnesium is involved in numerous metabolic processes, such as insulin signal transduction, b-oxidation, and glycolysis(Xiang et al., 2022). Magnesium plays a protective role in the retina by promoting vasodilation through inhibition of endothelin-1 and enhancing nitric oxide production, thereby increasing retinal blood flow. It protect retinal neurons from glutamate- induced excitotoxicity and calcium overload  by blocking NMDA(N-methyl-D-aspartate) receptors(Korkmaz et al., 2014)

The possible preventative and therapeutic roles of micronutrients, such as magnesium, in the management of type 2 diabetes mellitus (T2DM) and associated consequences have drawn attention. T2DM has been linked to abnormalities in magnesium metabolism. Magnesium plays a critical role in glucose metabolism by promoting the activity of enzymatic systems and facilitating insulin action. Hyperglycemia-induced cellular magnesium depletion and increased urinary magnesium losses are two processes via which hypomagnesemia can be resulted, in T2DM patients, leads to insulin resistance(Wahid et al., 2017). Moreover, hypomagnesemia may worsen the course of type 2 diabetes and the microvascular alterations that accompany it by increasing the risk of cardiovascular disease, hypertension, and diabetic sequelae such retinopathy(Saproo and Singh, 2017)
Diabetic patients are increasingly seeking ophthalmologic care for vision-related problems, with DR presenting as a critical concern. Despite recent improvements in screening and treatment strategies, late-stage manifestations continue to make management of DR to be difficult. Furthermore, there are still gaps in our knowledge of the specific mechanisms supporting the development of DR, particularly on the function of micronutrients like serum magnesium.

Many studies have identified common risk factors for diabetic retinopathy, including poor glycemic control (HbA1c), duration of diabetes, and hypertension. Additional factors like uric acid and dyslipidemia and cholesterol are also already studied, but serum magnesium remains to be studied.

2. methodology

This was a hospital-based analytical cross-sectional study conducted from 2024 to 2025 at Kilimanjaro Christian Medical Center (KCMC), a tertiary referral hospital in Northern Tanzania. The study population included adults with type 2 diabetes mellitus attending outpatients at KCMC during the study period. All patients were first screened using the eligibility criteria, and those with conditions or treatments that could alter serum magnesium levels, prior vitreoretinal surgery, hazy media, glaucoma, pregnancy, or sepsis were excluded. Eligible participants were then consecutively enrolled using a consecutive non-probability sampling technique until the required sample size was reached. A standardized data extraction form, developed in English, was utilized to collect relevant clinical, demographic, and laboratory information. The tool was divided into six main sections: informed consent, demographic information, physical examination, macular edema assessment, diabetic retinopathy (DR) classification, and laboratory investigations.
Demographic data included age, sex, residence status, duration of diabetes, and treatment type. Clinical variables such as intraocular pressure (IOP) and visual acuity (VA) were recorded under the same section. A structured interview was conducted to confirm diabetes status. VA was measured using a Snellen chart, while IOP was assessed with Goldmann applanation tonometry. Systemic blood pressure was recorded using a digital sphygmomanometer to ensure accuracy.
Fundoscopy was performed following pharmacologic pupil dilation using 0.5% tropicamide and 5% phenylephrine. The presence and severity of DR were assessed using indirect ophthalmoscopy with a Haag-Streit slit lamp and Volk 90D lens. Findings were reviewed by ophthalmology specialists. DR staging adhered to the Diabetic Retinopathy Disease Severity Scale and was classified into three categories: no apparent DR (NDR), non-proliferative DR (NPDR), and proliferative DR (PDR). NPDR was indicated by features such as microaneurysms, retinal hemorrhages, venous beading, cotton wool spots, or IRMA, while PDR was confirmed by neovascularization, proliferative membranes, or vitreous hemorrhage. Macular edema was noted through the presence of hard exudates within or near the macula.

After the fundus examination, macular thickness was assessed using a Carl Zeiss PRIMUS 200 Time-Domain Optical Coherence Tomography (OCT) device. Two OCT parameters were recorded: central subfield macular thickness (CSMT), considered abnormal if ≥250 µm within the central 1 mm zone, and cube volume, considered abnormal when exceeding 10 mm³ as per the Early Treatment Diabetic Retinopathy Study (ETDRS) grid.
Following clinical evaluations, patients were directed to the research laboratory for biochemical testing. Blood samples were analyzed using the COBAS INTEGRA 400 PLUS system. Serum magnesium, creatinine, cholesterol, HDL, and triglycerides were measured. Hypomagnesemia was defined as serum magnesium <0.65 mmol/L. Abnormal HDL was <1.15 mmol/L, triglycerides were considered elevated if >2.26 mmol/L, total cholesterol was flagged if >5.2 mmol/L, and serum creatinine >120 μmol/L indicated impaired renal function.
To maintain privacy and accommodate language preferences, interviews and clinical assessments were conducted in a designated, quiet room. Patients who met the inclusion criteria were warmly welcomed, given detailed information about the study, and provided sufficient time to give informed consent. Those requiring medical or ophthalmic intervention received appropriate guidance based on their findings.
All information gathered including demographic details, OCT measurements, DR staging, and laboratory results was recorded on the data collection form and subsequently entered into a secure electronic database. Collected data were systematically coded, with unique identifiers assigned to each participant to safeguard confidentiality. The dataset was entered and cleaned using STATA version 17 (StataCorp, College Station, TX, USA). Data cleaning involved detecting and correcting inconsistencies, encoding variables, applying labels, and addressing missing values or outliers.
Descriptive statistics summarized both categorical and continuous variables. Frequencies and percentages were reported for categorical variables, while continuous variables were presented as means with standard deviations or medians with interquartile ranges, depending on the distribution. The chi-square (χ²) test was used to examine associations between DR severity or macular thickness and participant characteristics.
Ordinal logistic regression was applied to identify factors associated with DR severity, whereas a modified Poisson regression model was used to evaluate associations with DR status and central macular thickness. Univariate analyses were initially performed to generate crude odds ratios (COR) and crude prevalence ratios (CPR). Variables with a P-value <0.05 in the univariate models and those deemed clinically relevant were included in the multivariable models. Adjusted odds ratios (AOR) and adjusted prevalence ratios (APR) were then estimated. A P-value <0.05 in the multivariable analysis was considered indicative of statistical significance.




3. results and discussion

A total of 201 participant were include with a mean age of 62.4±7.81 years; 58.2% were over 60 years. Females made up 55.7% of the sample. The median duration of diabetes was 10 years (IQR: 7-11), and 52.7% had diabetes for >5 years. Most participant (92.5%) used oral anti-diabetic drugs. Regarding vision, the right eye had a median LogMAR of 0.5 (IQR: 0.3-1) and the left eye 0.8 (IQR: 0.5-1). Elevated IOP was found in only 1.5% (right eye) and 2.5% (left eye), with a median IOP of 13mmHg. Hypertension was present in 58.2% of participants. BMI classification showed 45.3% had normal weight 38.8% were overweight. 12,9% obese , and 3% underweight  (Table 1).
In the laboratory results of the study participants, the mean serum magnesium level was 0.8(±0.18) whereby 29(14.4%) participants had abnormal serum magnesium level.
Serum HDL level had a median of 1.24 (IQR=1.02-1.60), with 80 (39.8%) having normal serum HDL. Serum triglyceride were abnormal in 24.4% of participants, with a median of 1.4 mmol/L (IQR: 1.01-2.21). The mean serum cholesterol level was 5.1 mmol/L (±1.51) whereby 44.3% had abnormal serum cholesterol level (Table 2).




Table 1: Participants’ background Characteristics
	Characteristics
	Frequency
	Percentage

	Age of participant (In years)
	 
	 

	≤60
	84
	41.8

	>60
	117
	58.2

	 Mean(SD)
	62.4(±7.81)
	 

	Sex of participant
	 
	 

	Male
	89
	44.3

	Female
	112
	55.7

	Duration of Diabetes Mellitus (In years)
	
	

	≤5
	95
	47.3

	>5
	106
	52.7

	Median(IQR)
	10(7-11)
	 

	Type of Anti diabetic medication used
	 
	 

	Injection
	11
	5.5

	Oral
	186
	92.5

	Both (Oral and Injection)
	3
	1.5

	Not on medication
	1
	0.5

	Participant Visual Acuity (In LogMAR) Right Eye
	 
	 

	≤0.5
	103
	51.2

	0.6-0.9
	45
	22.4

	1+
	53
	26.4

	Median(IQR)
	0.5 (0.3-1)
	 

	Participant Visual Acuity  (In LogMAR) Left eye
	No.
	%

	≤0.5
	77
	38.3

	0.6-0.9
	56
	27.9

	1+
	68
	33.8

	Median(IQR)
	0.8 (0.5-1)
	100

	Participant IOP Right eye
	 
	 

	Normal
	198
	98.5

	High
	3
	1.5

	Median(IQR)
	13.01 (±3.3
	100

	Participant IOP Left eye
	 
	 

	Normal
	196
	97.5

	High
	5
	2.5

	Median(IQR)
	13(10-16
	100

	Hypertension status
	 
	 

	No
	84
	41.8

	Yes
	117
	58.2

	Participant BMI
	 
	 

	Underweight
	6
	3

	Normal
	91
	45.3

	Overweight
	78
	38.8

	Obese
	26
	12.9





Table 2: Participant Laboratory findings
	Characteristics
	Frequency
	Percentage

	Serum Magnesium level 
	 
	 

	Normal
	172
	85.6

	Hypomagnesemia
	29
	14.4

	Mean (SD)
	0.8(±0.18)
	

	Serum Cholesterol level
	 
	 

	Normal
	112
	55.7

	High Cholesterol
	89
	44.3

	Mean (SD)
	5.1(±1.51)
	

	Serum HDL level
	 
	 

	Normal
	80
	39.8

	Low HDL
	121
	60.2

	Median (IQR)
	1.24(1.02-1.60)
	

	Serum Triglyceride level
	 
	 

	Normal
	152
	75.6

	High Triglyceride
	49
	24.4

	Median (IQR)
	1.4 (1.01-2.21)
	







(Figure 1)   Illustrates the distribution of diabetic retinopathy severity among participants. A total of 66.7% of participant had diabetic retinopathy, with 37.8% presenting with non proliferative diabetic retinopathy (NPDR) and 28.9% with proliferative diabetic retinopathy (PDR), while 33.3% had no diabetic retinopathy (NDR). This demonstrate a substantial proportion of the study population was affected by moderate to severe stage of retinopathy.
Figure 1: Distribution of DR Severity among DM patients (N=201)



 In crude analysis, severity of DR among DM patients was significant associated with Serum magnesium, Duration of Diabetes Mellitus and Serum Cholesterol. Participants with abnormal Serum Magnesium had 2 times significant higher odds of being NPDR and PDR (COR=2.24; 95%CI: 1.12-4.47; p=0.023) compared to participants with normal Serum Magnesium, while participants with DM duration >5 years had 3 times significant higher odds of being NPDR and PDR compared to those with DM duration ≤5 years (COR=3.31; 95%CI: 1.52-7.24; p=0.003). Participants with abnormal Serum Cholesterol had 79% significant higher odds of being NPDR and PDR (COR=1.79; 95%CI: 1.07-2.99; p=0.023) compared to participants with normal Serum Cholesterol.
In adjusted analysis, severity of DR among DM patients was significant associated with Serum magnesium, Duration of Diabetes Mellitus and Serum Cholesterol. Participants with abnormal Serum Magnesium had 2 times significant higher odds of being NPDR and PDR (AOR=2.25; 95%CI: 1.08-4.71; p=0.031) compared to participants with normal Serum Magnesium, while participants with DM duration >5 years had 3 times significant higher odds of being NPDR and PDR compared to those with DM duration ≤5 years (AOR=3.05; 95%CI: 1.37-6.77; p=0.006). Participants with abnormal Serum Cholesterol had 2 times significant higher odds of being NPDR and PDR (AOR=2.01; 95%CI: 1.18-3.42; p=0.011) compared to participants with norm Serum Magnesium. (Table 3)
 

Table 3: Factors associated with DR severity among DM patients
	Variable
	COR
	P-value
	AOR
	P-value

	Serum Magnesium 
	
	
	
	

	Normal
	Ref
	
	Ref
	

	Hypomagnesemia 
	2.24(1.12-4.47)
	0.023
	2.25(1.08-4.71)
	0.031

	Age of participant (In years)
	
	
	
	

	≤60
	Ref
	
	Ref
	

	>60
	0.62(0.37-1.06)
	0.079
	0.60(0.35-1.04)
	0.067

	Sex of the participant
	
	
	
	

	Male
	Ref
	
	Ref
	

	Female
	0.79(0.47-1.33)
	0.379
	0.80(0.47-1.36)
	0.405

	Duration of Diabetes Mellitus (In years)
	
	
	
	

	≤5
	Ref
	
	Ref
	

	>5
	3.31(1.52-7.24)
	0.003
	3.05(1.37-6.77)
	0.006

	Hypertension
	
	
	
	

	No
	Ref
	
	
	

	Yes
	1.48(0.88-2.49)
	0.136
	
	

	Participant BMI
	
	
	
	

	Normal
	Ref
	
	
	

	Abnormal
	1.60(0.96-2.68)
	0.073
	
	

	Serum Cholesterol level
	
	
	
	

	Normal
	Ref
	
	Ref
	

	High Cholesterol
	1.79(1.07-2.99)
	0.027
	2.01(1.18-3.42)
	0.011

	Serum HDL level
	
	
	
	

	Normal
	Ref
	
	
	

	Low HDL
	1.17(0.70-1.97)
	0.545
	
	

	Serum Triglyceride level
	
	
	
	

	Normal
	Ref
	
	
	

	Abnormal
	1.38(0.77-2.48)
	0.277
	
	




4.DISCUSSION 

In this study findings, diabetic retinopathy (DR) severity was found to be significantly associated with several clinical and biochemical factors. Remarkably, low serum magnesium levels were observed more often among patients with progressive DR, signifying a potential role of magnesium in the pathogenesis of microvascular retinal damage. This association continued to be significant even after adjusting for other variables, supporting the hypothesis that magnesium deficiency contributes to oxidative stress and endothelial dysfunction. These findings are similar to those reported by (Lu et al., 2016)), (Bankir et al., 2021),and (Saproo and Singh, 2017), India), who used similar multivariable models and clinical DR staging. The similarities may be attributed to shared hospital-based populations and comparable methods of assessing biochemical and clinical parameters. On the contrary, (Shivakumar et al., 2021) India did not find a significant association, probably due to a smaller sample size and absence of stratification for serum magnesium or other dietary factors.
Duration of diabetes emerged as another strong determinant of DR severity. The longer the duration of diabetes, the higher the chance of presenting with more severe stages of retinopathy. This trend bring into line with existing literature, including studies by (Poshtchaman et al., 2023)Iran and (Lu et al., 2016), China, which similarly described that DR severity increased with disease duration. The observed consistency is probable due to the use of similar thresholds for disease duration (five years or more) and comparable grading systems. Fascinatingly, serum cholesterol was also found to be significantly associated with DR severity in our analysis, suggesting dyslipidemia interrupts endothelial function and aggravates capillary leakage in the retina. Similar associations with DR severity were described by (Kundu et al., 2013), India and (Bankir et al., 2021), turkey, possibly due to the use of biochemical data, and adjusted analysis, while studies like (Saproo and Singh, 2017), India did not observe the same, possibly due to a lack of detailed lipid profiling or dietary context.
In contrast, demographic characteristics such as age and sex did not show the independent associations with DR severity in our adjusted models. These results bring into line with findings from (Kundu et al., 2013),India and (Mondal et al., 2022) India, where age and sex lost significance when other clinical variables were involved. Though, studies such as (Lu et al., 2016), China found age to be significant factor, possibly due to a greater proportional of elderly participants or differences in lifestyle and cormobities.






5. CONCLUSION

This study established that low level of serum magnesium was present in 14.4% of patients with Type 2 diabetes mellitus, described a notable subgroup at increased risk of developing diabetic retinopathy. Low serum magnesium showed statistical significant association with diabetic retinopathy severity, suggesting it may serve as an independent predictor of retinopathy progression.

6. RECOMMENDATION

Serum magnesium monitoring should be integrated into Type 2 DM management, especially for high-risk patients, to help identify those at risk of complications. Magnesium supplementation may be beneficial and should be investigated in trials in patients with low serum magnesium levels. National guidelines should include micronutrient monitoring, and investment in point-of-care testing is needed. Patient education should highlight magnesium-rich diets, and further research is recommended to confirm causality and guide treatment strategies
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