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Abstract  Original Research Article 
 

Background: Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder associated with various complications, 

including foot ulcer. Dyslipidemia and hypomagnesemia are common in T2DM patients and may contribute to the 

development of complications. This study aimed to investigate the relationship between serum magnesium level and 

lipid profile in T2DM patients with and without foot ulcer. Methods: This cross-sectional study was conducted at the 

Department of Biochemistry and Molecular Biology, BIRDEM Academy, Dhaka, Bangladesh, involving 120 T2DM 

patients. Participants were divided into two groups: Group A (T2DM patients with foot ulcer, n=60) and Group B 

(T2DM patients without foot ulcer, n=60). Serum magnesium level and lipid profile were measured, and their 

correlations were analyzed. Result: Significant differences were observed between the two groups in terms of serum 

magnesium level and lipid profile. Group A had a higher prevalence of hypomagnesemia (69.6%) compared to Group 

B (30.4%). Elevated level of total cholesterol, triacylglycerol, and LDL cholesterol were also observed in Group A. A 

significant positive correlation was found between serum magnesium level and total cholesterol and LDL cholesterol 

in Group A, while no significant correlation was observed in Group B. Conclusion: The study revealed that T2DM 

patients with foot ulcers are more likely to have hypomagnesemia and dyslipidemia compared to those without foot 

ulcer. A significant correlation between serum magnesium level and lipid profile was observed in patients with foot 

ulcer. These findings may have important implications for the management and prevention of complications in T2DM 

patients and warrant further investigation through longitudinal studies. 
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INTRODUCTION 
Type 2 diabetes mellitus (T2DM) is a chronic 

metabolic disorder that has reached epidemic 

proportions worldwide. Characterized by insulin 

resistance and hyperglycemia, T2DM is a major public 

health problem associated with an increased risk of 

microvascular and macro vascular complications [1, 2]. 

One of the most debilitating complications is the 

development of foot ulcer, which significantly impair 

the quality of life and pose a risk for lower limb 

amputations [3, 4]. The role of serum magnesium (Mg) 

in T2DM has been a subject of considerable research. 

Magnesium is a crucial element for human health, and 

its deficiency has been linked to lipid abnormalities and 

related disorders such as metabolic syndrome, T2DM, 

and cardiovascular diseases [5, 6]. A study conducted in 

India found that 37% of T2DM patients had low serum 

magnesium levels, which were negatively correlated 

with hypertension and retinopathy [7]. Dyslipidemia, 

another common feature in T2DM patients, is 

characterized by elevated level of triacylglycerol, total 

cholesterol, and low-density lipoprotein cholesterol 

(LDL-c), along with reduced high-density lipoprotein 

cholesterol (HDL-c). This abnormal lipid profile is a 

significant threat to public health and has been linked to 

cardiovascular diseases [5, 8]. Several studies have 

demonstrated an inverse association between serum Mg 

level and markers of dyslipidemia in T2DM patients [9–

11]. Mg supplementation has also been shown to 

improve lipid profile in T2DM [12–14]. Treatment 

adherence in T2DM patients also plays a crucial role in 

managing the disease and its complications. A study 

found that good adherence to treatment was associated 

with a better serum lipid profile and lower body mass 

index (BMI) [15]. Despite the wealth of information 

available, limited studies have evaluated the 

relationship between serum Mg levels and lipid profile 
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in T2DM patients with foot ulcer compared to those 

without. Understanding this relationship is crucial for 

identifying high-risk patients and guiding Mg 

supplementation as an adjunct therapy for the 

management of dyslipidemia and foot ulcer in T2DM. 

Given the severe implications of foot ulcer in T2DM, it 

is imperative to understand the metabolic derangements 

associated with this condition. This study aims to 

investigate the relationship between serum Mg and lipid 

profile in two distinct groups of T2DM patients: those 

with foot ulcers and those without. 

 

METHODS 
This was a cross-sectional study conducted at 

the Department of Biochemistry and Molecular 

Biology, BIRDEM Academy in Dhaka, Bangladesh 

from January 2018 to December 2018. A total of 120 

patients with Type 2 diabetes were included and divided 

into two groups - Group A consisting of patients with 

diabetic foot ulcer (cases), and Group B consisting of 

patients without foot ulcer (controls). Patients aged 30-

60 years with Type 2 diabetes for at least 5 years were 

considered eligible for the study if they were willing to 

participate. Patients with an endocrine disorder, history 

of cerebrovascular accident, those taking medications 

like diuretics or lipid-lowering agents for the last six 

months, having peripheral arterial disease, or any 

history of acute illness were excluded. After obtaining 

written informed consent, 5 ml of fasting blood sample 

was collected from each participant, of which 2 ml was 

delivered in an EDTA tube for HbA1c analysis and 3 

ml in serum separator tubes for estimation of serum 

magnesium and lipid profile. Data was entered 

systematically and analyzed using SPSS 23. 

Quantitative variables were expressed as mean and 

standard deviation while qualitative variables were 

presented as frequencies and percentages. Statistical 

significance was set at p<0.05. The study protocol was 

approved by the Institutional Ethics Committee. 

 

RESULTS 

 

Table 1: Baseline characteristics of the participants, (N=120) 

Baseline characteristics Group A 

(n=60) 

Group B 

(n=60) 

Frequency Percentage Frequency Percentage 

Gender 

Male 40 66.7 29 48.3 

Female 20 33.3 31 51.7 

Educational status 

No education 12 20.0 6 10.0 

Primary 16 26.7 11 18.3 

Secondary 12 20.0 15 25.0 

Higher secondary 17 28.3 16 26.7 

Graduation 3 5.0 12 20.0 

Family history of DM 

Yes 37 61.7 35 58.3 

No 23 38.3 25 41.7 

Physical exercise 

Yes 38 63.3 42 70.0 

No 22 36.7 18 30.0 

BMI 

Normal 26 43.3 35 58.3 

Overweight 34 56.7 25 41.7 

 

Table 1 shows the baseline characteristics of 

the 120 participants divided into Group A (n=60) and 

Group B (n=60). For Group A, which consists of Type 

2 diabetic patients with foot ulcer, 66.7% of the 

participants were male, and 33.3% were female. In 

terms of educational status, 20% had no education, 

26.7% had completed primary education, 20% had 

secondary education, 28.3% had higher secondary 

education, and 5% were graduates. A positive family 

history of diabetes mellitus (DM) was present in 61.7% 

of the participants, while 38.3% had no such history. 

Physical exercise was a part of the routine for 63.3% of 

the participants, whereas 36.7% did not engage in any 

physical exercise. When it comes to body mass index 

(BMI), 43.3% had a normal BMI, and 56.7% were 

overweight. For Group B, comprising Type 2 diabetic 

patients without foot ulcer, 48.3% were male, and 

51.7% were female. Educational status showed that 

10% had no education, 18.3% had primary education, 

25% had secondary education, 26.7% had higher 

secondary education, and 20% were graduates. A 

family history of DM was noted in 58.3% of the 

participants, while 41.7% had no family history of the 

condition. Physical exercise was practiced by 70% of 

the participants, and 30% did not engage in physical 
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exercise. Regarding BMI, 58.3% had a normal BMI, while 41.7% were classified as overweight. 

 

Table 2: Comparison of mean age, duration of disease and BMI between groups, (N=120) 

Variables Group A 

(n=60) 

Group B 

(n=60) 

p -value 

Age (in years) 51.95±8.63 46.03±6.15 0.001 

Duration of disease (years) 14.23±7.00 8.36±6.17 0.001 

BMI (kg/m2) 25.37±2.52 24.35±2.23 0.021 

 

For Group A, the mean age was 51.95 years 

with a standard deviation of 8.63, significantly higher 

than Group B, whereas in Group B the mean age was 

46.03 years with a standard deviation of 6.15 (p-

value=0.001). The duration of the disease also showed a 

marked difference between the two groups. In Group A, 

the mean duration was 14.23 years with a standard 

deviation of 7.00, considerably longer than in Group B, 

where the mean duration was 8.36 years with a standard 

deviation of 6.17 (p-value=0.001). Regarding BMI, 

Group A had a mean BMI of 25.37 kg/m^2 with a 

standard deviation of 2.52, which was slightly but 

significantly higher than Group B's mean BMI of 24.35 

kg/m^2 with a standard deviation of 2.23 (p-

value=0.021). Statistically, the p-values for all three 

variables—age, duration of the disease, and BMI—were 

less than 0.05, indicating that the differences between 

the two groups are statistically significant. 

 

Table 3: Comparison of serum magnesium level between groups, (N=120) 

Variables Group A 

(n=60) 

Group B 

(n=60) 

x2 p-value 

n % n % 

Hypomagnesaemia (<0.70 mm0/L) 39 69.6 17 30.4 16.10 0.001 

Normal Serum Magnesium (≥70mmol/L) 21 32.8 43 67.2 

 

In Group A, a significant 69.6% (n=39) of the 

participants had hypomagnesemia, compared to only 

30.4% (n=17) in Group B. Conversely, 32.8% (n=21) of 

participants in Group A had normal serum magnesium 

level, which is substantially lower than the 67.2% 

(n=43) in Group B who had normal level. The chi-

square (x^2) value is 16.10, and the p-value is 0.001, 

indicating that the difference in serum magnesium 

levels between the two groups is statistically significant.  

 

Table 4: Comparison of mean lipid profile between groups (N=120) 

Lipid profile Group A 

(n=60) 

Group B 

(n=60) 

p-value 

Total cholesterol (TC) (mg/dl) 177.01 ±27.83 161.23 ±28.35 0.003 

Triacylglycerol (TAG) (mg/dl) 170.21 ±56.01 149.30 ±46.95 0.029 

Low density lipoprotein cholesterol (LDL-c) (mg/dl) 99.31 ±32.31 87.60 ±21.44 0.021 

High density lipoprotein cholesterol (HDL-c) (mg/dl) 30.40 ± 9.93 37.91±7.48 0.001 

 

In Group A, the mean total cholesterol (TC) 

level was 177.01 mg/dl with a standard deviation of 

27.83, which is significantly higher than the mean TC 

level of 161.23 mg/dl with a standard deviation of 28.35 

in Group B (P-value=0.003). The mean triacylglycerol 

(TAG) level in Group A was 170.21 mg/dl with a 

standard deviation of 56.01, also higher than the mean 

TAG level of 149.30 mg/dl with a standard deviation of 

46.95 in Group B (p-value=0.029). The mean low-

density lipoprotein cholesterol (LDL-c) level in Group 

A was 99.31 mg/dl with a standard deviation of 32.31, 

compared to a mean LDL-c level of 87.60 mg/dl with a 

standard deviation of 21.44 in Group B (p-

value=0.021). Conversely, the mean high-density 

lipoprotein cholesterol (HDL-c) level in Group A was 

30.40 mg/dl with a standard deviation of 9.93, which is 

significantly lower than the mean HDL-c level of 37.91 

mg/dl with a standard deviation of 7.48 in Group B (p-

value=0.001). Statistically, the p-values for all four lipid 

profile variables; TC, TAG, LDL-c, and HDL-c are less 

than 0.05, indicating that the differences in lipid profile 

between the two groups are statistically significant.  

 

Table 5: Correlation of serum magnesium level with lipid profile of patients with foot ulcer (Group-A) (n=60) 

Variables Pearson's correlation coefficient p-value 

Total cholesterol (TC) 0.687 0.053 

Triacylglycerol (TAG) -0.280 0.030 

LDL Cholesterol 0.740 0.044 

HDL cholesterol 0.443 0.001 
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Table 5 examines the correlation between 

serum magnesium level and lipid profile variables in 

patients with foot ulcer (Group A) consisting of 60 

participants. For total cholesterol (TC), the Pearson's 

correlation coefficient is 0.687 with a p-value of 0.053, 

indicating a strong positive correlation that is 

marginally above the conventional significance level of 

0.05. Triacylglycerol (TAG) shows a negative 

correlation with a Pearson's correlation coefficient of -

0.280 and a p-value of 0.030, suggesting a statistically 

significant inverse relationship between serum 

magnesium level and TAG. Low-density lipoprotein 

cholesterol (LDL-c) exhibits a strong positive 

correlation with a Pearson's correlation coefficient of 

0.740 and a p-value of 0.044, indicating a statistically 

significant positive relationship. High-density 

lipoprotein cholesterol (HDL-c) also shows a positive 

correlation with a Pearson's correlation coefficient of 

0.443 and a highly significant p-value of 0.001. 

Statistically, the P-values for TAG, LDL-c, and HDL-c 

were all below 0.05, indicating statistically significant 

correlations with serum magnesium levels.  

 

Table 6: Correlation of serum magnesium level with lipid profile of patients without foot ulcer (Group-B) (n=60) 

Variables Pearson's correlation coefficient p-value 

Total cholesterol (TC) -0.029 0.053 

Triacylglycerol (TAG) -0.143 0.072 

LDL Cholesterol 0.014 0.084 

HDL cholesterol 0.040 0.12 

 

Table 6 explores the correlation between 

serum magnesium level and lipid profile variables in 

patients without foot ulcer (Group B), consisting of 60 

participants. For total cholesterol (TC), the Pearson's 

correlation coefficient is -0.029 with a p-value of 0.053, 

indicating a very weak negative correlation that is 

marginally above the conventional significance level of 

0.05. Triacylglycerol (TAG) also shows a weak 

negative correlation with a Pearson's correlation 

coefficient of -0.143 and a p-value of 0.072, which is 

not statistically significant. Low-density lipoprotein 

cholesterol (LDL-c) exhibits an extremely weak 

positive correlation with a Pearson's correlation 

coefficient of 0.014 and a p-value of 0.084, suggesting 

no significant relationship. High-density lipoprotein 

cholesterol (HDL-c) also shows a weak positive 

correlation with a Pearson's correlation coefficient of 

0.040 and a p-value of 0.12, which is not statistically 

significant. Statistically, all the p-values for TC, TAG, 

LDL-c, and HDL-c are above 0.05, indicating that none 

of the correlations between serum magnesium level and 

lipid profile variables are statistically significant in 

Group B. 

 

DISCUSSION 
In the present cross-sectional study conducted 

at the Department of Biochemistry and Molecular 

Biology, BIRDEM Academy, Dhaka, Bangladesh, 

significant differences were observed in serum 

magnesium level and lipid profile between Type 2 

diabetic patients with foot ulcer (Group A) and those 

without (Group B). The baseline characteristics 

revealed a higher percentage of males in Group A, 

aligning with previous studies that have noted a higher 

incidence of foot ulcer among male diabetic patients 

[16]. Both groups had similar educational backgrounds 

and family histories of diabetes, which is consistent 

with the general demographic characteristics of Type 2 

diabetic patients [17]. The study found a higher 

prevalence of hypomagnesemia in Group A (69.6%) 

compared to Group B (30.4%), corroborating earlier 

research that reported lower serum magnesium level in 

diabetic patients with complications such as foot 

ulcers[18]. Additionally, Group A exhibited elevated 

level of total cholesterol, triacylglycerol, and LDL 

cholesterol. This observation is in agreement with other 

studies that have identified dyslipidemia as a common 

feature in diabetic patients with complications [19]. 

Interestingly, a significant positive correlation was 

found between serum magnesium level and total 

cholesterol and LDL cholesterol in Group A. This 

finding diverges from some studies that have reported 

an inverse relationship between serum magnesium level 

and dyslipidemia, but it is consistent with other research 

that has found a similar positive correlation in diabetic 

patients with complications [20, 21]. On the other hand, 

Group B showed no significant correlation between 

serum magnesium level and lipid profile, possibly due 

to the absence of complications like foot ulcer, which 

are known to affect metabolic parameters [22]. The 

study's limitations include its cross-sectional design, 

which precludes the establishment of causality. Future 

research with a larger sample size and a longitudinal 

design would be beneficial to confirm these findings. In 

conclusion, the study provides valuable insights into the 

complex relationship between serum magnesium level 

and lipid profile in Type 2 diabetic patients, particularly 

those with foot ulcer. These findings may have 

important implications for the management and 

prevention of complications in this patient population. 

 

Limitations of The Study 

The study was conducted in a single hospital 

with a small sample size. So, the results may not 

represent the whole community. 

 

CONCLUSION 
In conclusion, this cross-sectional study 

conducted at the Department of Biochemistry and 

Molecular Biology, BIRDEM Academy, Dhaka, 
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Bangladesh, offers valuable insights into the 

relationship between serum magnesium level and lipid 

profile in Type 2 diabetic patients with and without foot 

ulcer. The study revealed significant differences in both 

serum magnesium level and lipid profile between the 

two groups, with a higher prevalence of 

hypomagnesemia and dyslipidemia observed in patients 

with foot ulcer. Furthermore, a notable positive 

correlation was found between serum magnesium level 

and certain lipid fractions in the group with foot ulcer, 

while no such correlation was observed in the group 

without foot ulcer. These findings may have important 

clinical implications for the management and 

prevention of complications in Type 2 diabetic patients, 

particularly those suffering from foot ulcer. However, 

the study's cross-sectional design limits the ability to 

establish causality, and future research with a larger 

sample size and longitudinal design is warranted to 

confirm these observations. Overall, the study 

contributes to a growing body of evidence highlighting 

the complex metabolic interactions in Type 2 diabetes 

and underscores the need for comprehensive 

management strategies to mitigate complications. 
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