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ABSTRACT 

Type 2 diabetes mellitus (T2DM) is associated with increased 

morbidity and mortality due to the development of 

complications, especially due to poor glycemic control. 

Magnesium (Mg) is a crucial element in human health, and 

its deficiency plays a critical role in the development of lipid 

abnormalities and the initiation of diabetic complications. 

The study aimed to evaluate the correlation of 

hypomagnesemia (Mg) with the alteration of lipid profile 

patterns and investigate the adverse effects of glycemic 

control and body mass index (BMI) on magnesium levels 

among patients with T2DM. A total of 163 subjects whose 

ages ranged between 35-60 years for both sexes (males and 

females) were included in this study: 90 type II diabetic 

patients (40 males and 50 females) and 73 healthy individuals 

(34 males and 39 females) in Tripoli region, Western Libya. 

Blood glucose, HbA1c, Magnesium, and lipid profile 

parameters were biochemically estimated in the study along 

with the measurement of BMI. All the results were statistically 

analyzed using SPSS version 25 for applying one-way 

ANOVA and Person's correlation coefficient tests. The study 

revealed a significant decrease in serum magnesium levels 

(1.59 ± 0.47 mg/dL) in T2DM patients compared to the 

control group (2.21 ± 0.70 mg/dL) (p < 0.01). Significantly 

elevated levels of blood glucose (140.6 ± 30.95 mg/dL vs. 

89.80 ± 12.62 mg/dL, p < 0.01), HbA1c (7.27 ± 2.62% vs. 

5.32 ± 0.65%, p < 0.01), cholesterol, triglycerides and LDL 

cholesterol also observed in T2DM patients compared to 

healthy individuals. Conversely, HDL cholesterol levels were 

significantly lower in the T2DM group than in controls (24.44 

± 8.88 mg/dL vs. 47.06 ± 8.75 mg/dL, p < 0.01). There is a 

relationship between hypomagnesemia, glycemic control, and 

changed lipid profile in T2DM patients. Further, our results 

revealed a strong relationship between increased BMI and 

unfavorable alterations in all biochemical parameters 

examined.  
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INTRODUCTION 
Type 2 diabetes mellitus (T2DM) is a global health concern, affecting over 422 million people worldwide. It is 

associated with increased morbidity and mortality due to the serious long-term development of complications through 

mechanisms involving dysregulated glucose and lipid metabolism (1). Magnesium (Mg) plays a vital intracellular role 

https://journal.utripoli.edu.ly/index.php/Alqalam/index
mailto:Asalapid82@gmail.com
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.54361/ajmas.247410
https://orcid.org/0000-0002-1522-9970


 
https://journal.utripoli.edu.ly/index.php/Alqalam/index  eISSN 2707-7179 

 

 

Alapid et al. Alq J Med App Sci. 2024;7(4):973-979    974 

as a cation, partitioning into three key locations within the body. Approximately 65% of magnesium is stored in the 

mineral component of bones, with 34% resident in the intracellular space. The remaining 1% is in extracellular fluid  

(2–4). Mg is required as a cofactor for over 300 biochemical reactions throughout the human body. Specifically, 

magnesium aids in regulating blood glucose concentrations and maintaining normal blood pressure. Many studies have 

shown Mg involvement in critical metabolic processes such as energy metabolism and protein synthesis (3,4). Mg plays 

a crucial role in various physiological processes. It acts as a cofactor for activities such as hormone receptor binding, 

regulation of calcium channel function, transmembrane ion transport, control of muscle contraction, neuronal signaling, 

vascular tone, cardiac excitability, and neurotransmitter release (5–7). 

Additionally, Mg promotes the body's utilization of other essential minerals and vitamins, including sodium, potassium, 

calcium, phosphorus, B-complex vitamins, and vitamins C and E (7,8). Intracellular Mg localizes primarily within 

mitochondria due to its strong binding affinity for ATP (9). As ATP levels are higher in metabolically active cells, 

intracellular Mg content also tends to be elevated in such cells (9). Together, these functions underline Mg broad 

importance as a cofactor supporting numerous biochemical pathways critical for homeostasis, energy metabolism, signal 

transduction, and other vital processes. Hypomagnesaemia, or low serum magnesium levels, is highly prevalent among 

diabetic patients (10). Mg plays a crucial role in glucose homeostasis and insulin signaling pathways (4,5,10). It also 

facilitates the breakdown of triglycerides and the modulation of lipid profiles (11,12). Based on previous studies, patients 

with T2DM are at increased risk of many other diseases, especially macrovascular and microvascular complications 

(13,14). The prevalence of T2DM is increasing in Libya, yet no studies have assessed the relationship between lipid 

profiles in T2DM patients and magnesium levels. Therefore, the current study was conducted to evaluate the correlation 

between hypomagnesemia (low magnesium levels) and alterations in the lipid profile pattern among Libyan patients 

with T2DM and to investigate the adverse effects of glycemic control and body mass index (BMI) on magnesium levels 

in these patients. 

 

METHODS 
Study population  

This case-control study was conducted between September and December 2023 at Janzur Hospital in Tripoli, Libya. A 

total of 163 subjects aged 35-60 years were recruited, consisting of 73 males and 98 females. The patient group included 

90 individuals (40 males and 50 females) with T2DM. The control group comprised 73 healthy individuals (34 males 

and 39 females), and both groups were matched for age and sex. Written informed consent was obtained from all 

participants after the study's purpose and procedures were clearly explained (15). 

 

Laboratory analyses  

Several laboratory analyses were performed in this study. Glucose levels were measured to assess short-term glycemic 

control. Glycosylated hemoglobin (HbA1c) was measured to indicate long-term glycemic control over the previous 2-3 

months. Serum magnesium (Mg) concentration was quantified to evaluate magnesium status. A lipid profile analysis 

was conducted to assess cardiovascular disease risk factors, including measurements of total cholesterol, triglycerides, 

low-density lipoprotein (LDL), and high-density lipoprotein (HDL).  

Following an 8-12 hour fast, 5 mL of venous blood was collected from each participant for laboratory analyses. Blood 

was collected in sodium fluoride tubes to estimate blood glucose (16). Blood was drawn into EDTA tubes (Ethylene 

Diamine Tetra Acetic acid ) to estimate HbA1c (17). Serum was isolated by centrifugation at 4000 rpm for 15 minutes. 

Body mass index (BMI) was calculated as weight in kilograms divided by height in square meters (18).  

A structured questionnaire recorded demographic characteristics, including age, sex, family history, medical history, 

current medications, occupation, physical activity patterns, and lifestyle habits. Blood glucose was measured using the 

glucose oxidase-peroxidase (GOD-PAP) enzymatic assay on a Fulfils 4040 photometer. HbA1c was quantified via a 

sandwich immunoassay method using an Ichroma analyzer. Serum magnesium (Mg) concentrations were determined 

through a calmagite complexo metric method. Total cholesterol and HDL were measured enzymatically using the 

cholesterol oxidase assay. On an automated analyzer, triglycerides were assessed via the glycerol phosphate oxidase 

enzymatic method. The LDL was calculated using the Friedewald formula (LDL cholesterol (mg/dL) = Total cholesterol 

- HDL cholesterol - (Triglycerides/5). 

 

Inclusion criteria  

This study included 90 patients diagnosed with T2DM, aged 35 to 60 years, for both sexes. A control group comprised 

73 healthy individuals with no reported history of disease.  

 

https://journal.utripoli.edu.ly/index.php/Alqalam/index


 
https://journal.utripoli.edu.ly/index.php/Alqalam/index  eISSN 2707-7179 

 

 

Alapid et al. Alq J Med App Sci. 2024;7(4):973-979    975 

Exclusion criteria 

The patients who fulfilled any of the following criteria were excluded from the study: diagnosis of type I or gestational 

T2DM; existence of any chronic illness, such as renal, cardiovascular, or endocrine disorders, that may impact 

electrolyte balance; history of complications from T2DM; sudden onset of vomiting or diarrhea; current use of drugs or 

supplements that may affect electrolyte levels, such as thiazide diuretics; or condition of lactation or pregnancy. This 

stringent selection process aimed to ensure a homogenous study population of type 2 diabetic patients while minimizing 

the potential influence of confounding factors on electrolyte levels.  

 

Statistical analysis  

All data were statistically analysis using SPSS version 25 (Statistical Package for Social Sciences). Descriptive statistics 

for continuous variables were reported as means and standard deviations. One-way analysis of variance (ANOVA) was 

employed to compare mean differences between groups. A p-value of less than 0.01 (p < 0.01) was considered 

statistically significant. Pearson's correlation coefficient was calculated to assess the relationship between magnesium 

levels and the following variables: glucose, HbA1c, cholesterol, triglycerides, LDL, and HDL. 

 

RESULTS  
This study included 163 participants aged 35 to 60, comprising males and females. The case group consisted of 90 

individuals (40 males, 50 females) diagnosed with T2DM. The control group comprised 73 healthy individuals (34 

males, 39 females). Demographic and clinical characteristics of the case and control groups are presented in Table 1. 

The mean age of participants was comparable between the case (45.54 ± 7.67 years) and control (44.54 ± 7.80 years) 

groups (p = 0.4). On the other hand, the case group's mean BMI was considerably higher (27.49 ± 5.76 kg/m2) than that 

of the control group (21.35 ± 1.88 kg/m2) (p < 0.01). In addition, the case group demonstrated significantly elevated 

levels of fasting blood glucose (140.6 ± 30.95 mg/dL vs. 89.80 ± 12.62 mg/dL, p < 0.01) and HbA1c (7.27 ± 2.62% vs. 

5.32 ± 0.65%, p < 0.01) compared to the control group. Interestingly, the case group had significantly lower mean serum 

magnesium levels (1.59 ± 0.47 mg/dL) compared to the control group (2.21 ± 0.70 mg/dL) (p < 0.01).  

Analysis of lipid profiles revealed significantly higher levels of serum cholesterol (171.9 ± 25.42 mg/dL vs. 141.85 ± 

6.09 mg/dL, p < 0.01), triglycerides (175.48 ± 25.22 mg/dL vs. 112.73 ± 20.24 mg/dL, p < 0.01), and LDL cholesterol 

(124.38 ± 26.84 mg/dL vs. 82.10 ± 8.85 mg/dL, p < 0.01) in the case group compared to the control group. Conversely, 

HDL cholesterol levels were significantly lower in the case group (24.44 ± 8.88 mg/dL) than in the control group (47.06 

± 8.75 mg/dL) (p < 0.01).  

 
 Table 1. Demographic, clinical, and biochemical parameters of T2DM patients and healthy controls.  

Parameters 
Case group 

Mean±SD 

Control group 

Mean±SD 
P. value 

Age in years 45.54± 7.67 44.54± 7.80 0.4 

BMI kg/m2 27.49± 5.76 21.35± 1.88 p > 0.01 

Fasting blood glucose (mg/dl) 140.6 ±30.95 89.80± 12.62 p > 0.01 

HbA1c % 7.27± 2.62 5.32± 0.65 p > 0.01 

Mg mg/dl 1.59± 0.47 2.21± 0.70 p > 0.01 

Serum cholesterol (mg/dl) 171.9± 25.42 141.85± 6.09 p > 0.01 

Triglyceride (mg/dl) 175.48± 25.22 112.73± 20.24 p > 0.01 

HDL-Cholesterol(mg/dl) 24.44± 8.88 47.06± 8.75 p > 0.01 

LDL-Cholesterol (mg/dl) 124.38± 26.84 82.10± 8.85 p > 0.01 

The results were presented as mean ± standard deviation (SD). A one-way analysis of variance (ANOVA) was performed using SPSS version 25 

to compare the differences in the means of the biochemical parameters of the patients and control groups. A p-value < 0.01 was considered 

statistically significant. 

 

The means and standard deviations of different biochemical variables regarding BMI levels are given in Table 2. Based 

on their BMI, participants were stratified as either healthy weight (BMI 19–24.9 kg/m²), (BMI 25–29.9 kg/m²), and 

obese (BMI ≥ 30 kg/m²). The mean age was not statistically different between the BMI groups (p = 0.41). As shown in 

Table 2, our rigorous one-way ANOVA analysis has revealed statistically significant differences among the three BMI 

groups for several biochemical variables.  

The increasing trends of blood glucose (p = 0.07) and HbA1c (p < 0.01) with higher BMI categories, along with the 

significant rise in serum cholesterol (p < 0.01), triglycerides (p < 0.01), and LDL cholesterol (p < 0.01) as BMI increased. 
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Equally significant is the revelation that mean magnesium levels (p < 0.01) and HDL cholesterol (p < 0.01) were notably 

lower in the obese group compared to the healthy weight and overweight groups. 

 
 Table 2. Distribution of biochemical variables in the study group according to BMI. 

Parameters 

BMI   Kg 

P .value 
Healthy weight n= 30 

19- 24.9 kg/m2 

22.19±0.98 

Overweight n= 28 

25-30 kg/m2 

27.07±0.98 

Obese n= 32 

< 30 kg/m2 

34.73±3.22 

Age years 48.53± 7.56 42.77± 7.03 43.82± 7.22 P= 4.41 

Blood glucose 

(mg/dl) 
119.28±17.89 138.49± 19.54 170.05±28.29 p = 0.07 

HbA1c % 5.22± 1.12 7.56± 1.92 9.73± 2.29 p > 0.01 

Mg mg/dl 1.97± 0.43 1.42± 0.28 1.23± 0.24  

Serum cholesterol (mg/dl) 150.04± 3.75 166.11± 9.15 204.93± 12.40 p > 0.01 

Triglyceride (mg/dl) 153.76± 2.64 169.35± 10.78 208.59± 10.23 p > 0.01 

HDL- cholesterol (mg/dl) 32.31± 5.16 24± 3.67 14.54± 4.31 p > 0.01 

LDL- cholesterol (mg/dl) 101.43± 4.19 117.38± 9.22 159.81± 11.51 p > 0.01 

One-way analysis of variance (ANOVA) was conducted to assess differences in biochemical parameters among the three BMI groups. A p-value 

of less than 0.01 (p < 0.01) was considered statistically significant 

 

In this study, the Pearson correlation analysis revealed significant associations between serum magnesium levels, 

glycemic control parameters, and lipid profiles. As illustrated in Table 3, serum magnesium levels were negatively 

correlated with both blood glucose (r = -0.5) and HbA1c (r = -0.4). As mentioned above, the correlation results 

demonstrate moderate negative correlations between serum magnesium and several key lipid parameters. Specifically, 

lower magnesium levels were associated with higher levels of serum cholesterol (r = -0.6), triglycerides (r = -0.6), and 

LDL-cholesterol (r = -0.6). Conversely, a moderate positive correlation (r = 0.6) was observed between serum 

magnesium and HDL -cholesterol, as shown in table 4.  

 
Table 3. Correlation Between Serum magnesium status with serum glucose and HbA1c levels. 

 

 

 
Pearson correlation coefficients (r) were presented between serum magnesium and glucose HbA1c. 

 
Table 4. Correlation Between Serum magnesium status with lipid profile parameters. 

Parameters 
Serum cholesterol 

(mg/dl) 

Triglyceride 

(mg/dl) 

HDL- cholesterol 

(mg/dl) 

LDL- cholesterol 

(mg/dl) 

Serum magnesium mg/dl -0.6 -0.6 0.6 -0.6 

Data represent Pearson correlation coefficients (r) assessing the relationships between serum magnesium and lipid profile parameters.  

 

DISCUSSION 

The study aims to investigate the relationship between serum magnesium levels, glycemic control, and lipid profiles in 

individuals with type II diabetes compared to healthy controls in Tripoli, Libya. This study investigated 163 individuals 

aged 35-60, categorized into two groups. The case group comprised 90 individuals diagnosed with Type II diabetes. 

Conversely, the control group included 73 healthy individuals.  

Magnesium is crucial for human health because it involves many cell processes, such as energy homeostasis, protein 

synthesis, and DNA integrity (7,9). Our results reveal significantly lower serum magnesium levels in the diabetic group 

compared to the healthy group; this finding is consistent with previous research highlighting magnesium deficiency as 

a frequent comorbidity in individuals with type II diabetes (10,19,20). This deficiency is often attributed to increased 

urinary magnesium excretion due to osmotic diuresis, which causes high renal excretion of magnesium  (7,9–11), a 

phenomenon linked to hyperglycemia-induced insensitivity to insulin affecting intracellular magnesium transport and 

thereby causing increased loss of the extracellular magnesium (19,21). Additionally, our study's lower incidence of 

hypomagnesemia could be attributed to the stricter exclusion criteria followed in the research and to the region's dietary 

Parameters Blood glucose mg/dl HbA1c% 

Serum magnesium mg/dl -0.5 -0.4 
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habits. Based on the literature review, there is a relationship between hypomagnesemia and cardiovascular disease. Low 

magnesium levels may be an independent risk factor for various cardiovascular problems, such as heart failure (HF), 

atrial fibrillation (AF), and microvascular disease in T2D (22).  

Our results showed significantly elevated fasting blood glucose and HbA1c levels in the case group compared to the 

control group. These results are in good agreement with other studies, which have shown significantly higher levels of 

these glycemic control parameters in individuals with T2DM compared to healthy controls (23,24). The elevated fasting 

blood glucose and HbA1c levels in the diabetic group can be interpreted as consequences of a complex interplay of 

insulin resistance, declining insulin secretion, and increased hepatic glucose production (9,10,21).   Dyslipidemia is an 

abnormal increase in lipids in the bloodstream and is a common issue in people with type 2 diabetes (13,14). In our 

study, we observed dyslipidemia in the diabetic group, characterized by high levels of serum cholesterol, triglycerides, 

and LDL-cholesterol, along with reduced levels of HDL-cholesterol. This finding aligns with numerous studies showing 

that dyslipidemia is associated with an elevated risk of cardiovascular disease, particularly in individuals with type 2 

diabetes (7,13,14,25). Our research revealed a clear connection between higher BMI and unfavorable metabolic health-

related biochemical parameter changes. 

Furthermore, the findings indicate that this correlation is not limited to weight gain but shows a consistent pattern where 

higher BMI categories correspond to more pronounced changes in biochemical markers. Our correlation analyses 

revealed significant associations between serum magnesium levels and lipid profiles. Lower magnesium levels were 

associated with less favorable lipid profiles, characterized by higher serum cholesterol levels, triglycerides, and LDL 

cholesterol and lower HDL cholesterol levels. Other studies support these findings and show a similar relationship 

between magnesium levels and cholesterol (25,26). On the other hand, the association between obesity and metabolic 

dysfunction is the notable escalation of serum lipid parameters across BMI groups. Our analysis reveals statistically 

significant elevations in total cholesterol (p<0.01), triglycerides (p<0.01), and LDL cholesterol (p<0.01) in tandem with 

increasing BMI. This pattern aligns with previous research demonstrating that adipose tissue, particularly visceral fat, 

significantly promotes dyslipidemia by influencing lipid metabolism and increasing circulating free fatty acids 

(12,27,28). Several mechanisms are proposed to explain magnesium's potential protective effects on lipid metabolism. 

Magnesium modulates key cholesterol synthesis and clearance enzymes, influencing overall cholesterol homeostasis 

(29,30). Magnesium deficiency, often associated with insulin resistance and chronic inflammation, is increasingly 

recognized as a contributing factor in developing metabolic dysfunction (9,31). 

Similarly, the decline in HDL cholesterol, responsible for reverse cholesterol transport, further exacerbates the 

cardiovascular risk associated with obesity (32). Additionally, magnesium may enhance insulin sensitivity, indirectly 

impacting lipid metabolism by improving glucose uptake and utilization, thereby reducing the need for de novo 

lipogenesis (33). Our correlation study showed significant inverse relationships between serum magnesium, blood 

glucose (r = -0.5), and HbA1c (r = -0.4). These findings suggest that magnesium may play a role in regulating blood 

sugar levels. These results are consistent with several studies that have demonstrated the positive effects of magnesium 

supplementation on insulin sensitivity and blood sugar control in individuals with type II diabetes (34–37).  

 

CONCLUSION 

This study found a relationship between hypomagnesemia, glycaemic control, and changed lipid profile in T2DM 

patients in Janzur, Libya. Furthermore, our findings revealed a strong relationship between increased BMI and 

unfavorable alterations in all biochemical parameters examined. These findings underscore the necessity of monitoring 

serum magnesium levels in individuals with T2DM and the potential benefits of magnesium supplementation as 

adjuvant therapy for glycaemic management and lipid profile improvement.    
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 المستخلص 

يرتبط مرض السككر  م  الوو  الااني بييادة معدلات اصصكابة والوايات بسكبط تطور المفكاعفات، و اصكة بسكبط  كع  

ا اي تطور   ا ًاسكما ا اي صكحة اصنسكان، ويلعط نًصكح دورا ا ًاسكما التحكم اي نسكبة السككر اي الدم. يعد المغويسكيوم عوصكرا

اسككة ىلت تًييم ارتباط نًا المغويسككيوم اي الدم بتغيير أنماط  ا ككطرابات الدنون وبدء المفككاعفات السكككرية. ندا  الدر

الدنون والتحًيق اي الآثار الفككارة للتحكم اي نسككبة السكككر اي الدم وملةككر كتلة الجسككم علت مسككتويات المغويسككيوم بي   

ا تتراوأ أعمارنم بي     163مر كت السككر  م  الوو  الااني. تم تفكمي  ما مجموعح   ا لكلا  60-35ةكخصكا الجوسكي    عاما

ا مصككاباا بمرض السكككر  م  الوو  الااني )  90)ذكور وىناث( اي نذه الدراسككة   ا و  40مريفككا ارداا    73أنات( و  50ذكرا

ا ) ا و  34سككككليمكا كًدير مسككككتويكات الجلوكوز اي الكدم، والهيموجلوبي     39ذكرا كًة طرابلس، غر  ليبيكا. تم ت أنات( اي موط

ميائياا اي الدراسكة جوباا ىلت جوط م  قيا  ملةكر كتلة الجسكم. تم تحليم جمي   السككر ، والمغويسكيوم، ومسكتويات الدنون كي

لتطبيق ا تبارات تحليم التباي  أًاد  الاتجاه ومعامم ارتباط    25اصصككككدار   SPSSالوتائج ىًصككككائياا باسككككتخدام برنامج  

مجم / ديسككيلتر( اي   0.47±   1.59بيرسككون. كشككف  الدراسككة ع  انخفاض كبير اي مسككتويات المغويسككيوم اي المصككم )

مجم / ديسككيلتر(. كما لوً   مسككتويات مرتفعة    0.70±    2.21مًارنة بمجموعة التحكم )  2مر ككت السكككر  م  الوو   

(،  0.01مجم / ديسيلتر، ص >   12.62±    89.80مجم / ديسيلتر مًابم    30.95±   140.6بشكم ملحوظ م  جلوكوز الدم )

كًابكم  ٪ 2.62±   7.27)والهيموجلوبي  السكككككر   (، والكوليسككككتروا، والكدنون الالاثيكة  0.01٪، ص >  0.65±    5.32م

مًارنة بالأاراد الأصكحاء. وعلت العكس  2وكوليسكتروا البروتي  الدنوي موخف  الكاااة اي مر كت السككر  م  الوو   

مجموعة التحكم  مًارنة ب  2م  ذلك، كان  مستويات الكوليستروا الحميد أقم بشكم ملحوظ اي مجموعة السكر  م  الوو   

(. نواك علاقة بي  نًا المغويسيوم،  0.01مجم / ديسيلتر، ص >    8.75±   47.06مجم / ديسيلتر مًابم    ±8.88    24.44)

. علاوة علت ذلك، كشككف  2والسككيطرة علت نسككبة السكككر اي الدم، وتغير انماط الدنون اي مر ككت السكككر  م  الوو   

اي جمي  المعايير الكيميائية الحيوية التي تم   السككلبيةةككر كتلة الجسككم والتغيرات  نتائجوا ع  وجود علاقة قوية بي  زيادة مل

 احصها.

نًا الماغويسككيوم اي الدم، داء السكككر  م  الوو  الااني، ملةككر كتلة الجسككم، انماط الدنون، نسككبة    .الكلمات المفتاحية

 السكر اي الدم.
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