
Available online at www.ijmrhs.com 

Inter
na

tio
na

l J
ou

rn
al 

of M
edical Research & Health Sciences

•  I JM R H S •

International Journal of Medical Research & 
Health Sciences, 2018, 7(5): 23-28

23

ISSN No: 2319-5886

Evaluation of Magnesium Level and Its Correlation with Other Biochemical 
Markers among Type-2 Diabetic Participants

Nabil A Hasona1,3*, Mohammad A Altraifi2, Saleh A Alammari2, Rashed R Alshammari2 
and Abdulrahman F Alluhaybi2

1 Department of Biochemistry, College of Medicine, University of Hail, Hail, Saudi Arabia
2 College of Medicine, University of Hail, Hail, Saudi Arabia

3 Biochemistry Division, Chemistry Department, Faculty of Science, Beni-Suef University, Beni-
Suef, Egypt 

*Corresponding e-mail: drnabil80@yahoo.com

ABSTRACT

Background and objective: The incidence of diabetes mellitus is considered as a major global medical issue around 
the world in the recent years. Magnesium deficiency has a negative influence on glucose metabolism and plays a 
critical role in the initiation of diabetic complications. Hence, in the current study, we attempt to explore the level 
of magnesium ion and other biochemical markers in diabetic participants and to probe credential signs and the 
association between correlations with other biochemical markers studied in diabetic participants. Subjects and 
methods: The current study included 80 participants, out of which two groups were formed: 40 healthy participants 
with normal blood glucose level, 40 type 2 diabetes participants. Systolic blood pressure, diastolic blood pressure, 
glycated hemoglobin (HbA1c), fasting blood sugar (FBS), electrolyte profile (sodium, potassium, and magnesium), 
blood urea nitrogen (BUN), and creatinine were evaluated. Moreover, lipid profile (total cholesterol, triglycerides, 
and HDL-cholesterol) and the correlation between serum magnesium level and biochemical markers among diabetic 
participants were assayed. Results: Diabetic participants were characterized by a remarkable elevation in the 
FBS, HbA1c, BUN, creatinine level, potassium and a significant alteration in lipid profile as compared to healthy 
participants, while diabetic participants showed a significant decline in the sodium and magnesium levels as compared 
to healthy participants. Moreover, significant negative correlations were noticed with low serum magnesium and total 
cholesterol level, HDL-cholesterol, and potassium in diabetic participants. Conclusion: The alterations in lipid and 
electrolyte profiles observed in diabetic participants have great potential as a diagnostic tool in clinical practice 
especially hypomagnesaemia which was widespread among our diabetic participants and its correlations with other 
biochemical markers studied bears important clinical implications in achieving better control of the risk of diabetic 
complications.
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INTRODUCTION

Diabetes mellitus is a metabolic disorder due to deficiency or misuse of insulin manifested through hyperglycemia [1]. 
The incidence of diabetes mellitus (DM) is considered as a major global medical issue around the world in the recent 
years [2,3]. According to the International Diabetes Federation in 2015, about 415 million of adults are type 2 diabetic 
patients, while it is estimated that by 2040 about 642 million will have diabetes [4]. Diabetes mellitus is associated 
with several complications such as hypertension, kidney disease, hyperlipidemia, and cardiovascular disease [5,6].

Diabetes mellitus is correlated with an imbalance in the metabolism of micronutrients. One of these micronutrients 
is magnesium. Magnesium is one of the intracellular cations in the body which plays a crucial role in many essential 
metabolic pathways such as cellular energy metabolism, regulation of ion transport and neuromuscular transmission 
[7]. Moreover, magnesium ion plays a critical role in lipid metabolism due to its essential co-factor in various 
enzymatic pathways such as in cholesterol metabolism where HMG-CoA reductase requires Mg2+ for its metabolic 
regulation [8]. Also, magnesium plays a critical role in the regulation of lipoprotein lipase and lecithin cholesterol 
acyltransferase (LCAT) activities [9].

The kidney plays a critical role in the regulation of magnesium and the maintenance of its level in the blood [10]. 
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Magnesium has been considered as an ameliorative mediator in the treatment of diabetes mellitus and for common 
complications of diabetes mellitus. Magnesium is an important factor for insulin secretion and insulin action [11].

Previous studies have reported that magnesium deficiency impaired insulin secretion and reduced peripheral insulin 
sensitivity effects [12]. So, there is a close relationship between metabolic control of diabetes mellitus and impaired 
magnesium homeostasis. Magnesium deficiency has a negative influence on glucose metabolism and insulin sensitive 
diabetic subjects as well as on the initiation of diabetic complications. So, the current study attempts to explore the 
level of magnesium ion and other biochemical markers in diabetic participants and to probe credential signs and the 
association between correlations with other biochemical markers studied in diabetic participants.

PATIENTS AND METHODS

The present investigation incorporated 80 participants, out of which two groups were formed: 40 (20 males and 20 
females) healthy participants, 40 (25 males and 15 females) type 2 diabetes patients. All the subjects provided with 
informed written consent before ingoing the investigational practice. All procedures followed were in accordance 
with the ethical standards and with the Helsinki declaration.

Diabetic participants were diagnosed according to the following criteria: fasting blood glucose ≥ 7 mmol/l and 
HbA1c ≥ 6.5%. Blood pressure (systolic and diastolic) was recorded. The age of the patients was within 36-70 years. 
Participants who have the history of cardiac dysfunctions, chronic inflammatory diseases, hypothyroidism, or any 
other disease were excluded from our study.

Blood samples from all participants were collected after 10-12 hours fasting, centrifuged and serum was aspirated, 
and stored at -20°C for subsequent biochemical analysis. Biochemical investigations of fasting blood glucose, lipid 
profile (total cholesterol, triglycerides, and HDL-cholesterol), blood urea nitrogen, creatinine, sodium, potassium, and 
magnesium were assayed according to manufacturer’s instructions by using the automatic analyzer, ROCHE module 
Cobas 6000 (C-501 and C-601). The HbA1c assay was determined according to the manufacturer’s protocol by using 
a kit from Crescent, KSA.

Statistical Analysis

The data analysis was performed using statistical software SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). Data 
was presented as a mean ± standard error. Statistical analysis was performed using one-way ANOVA, and means 
was compared using Duncan’s multiple range tests as a post-hoc test at 5% probability level. p<0.05 was considered 
statistically significant.

RESULTS

Out of 40 diabetic participants, 25 (62.5%) were males and 15 (37.5%) were females whereas, 20 (50%) were males 
and 20 (50%) females in the healthy control group. Systolic blood pressure (SBP) was significantly (p<0.001) high in  
diabetic participants as compared to healthy participants. Whereas, diastolic blood pressure (DBP) increased in 
diabetic participants insignificantly as compared to healthy participants. Demographic data of the study participants 
are clarified in Table 1.

Table 1 Demographic data of the healthy and diabetic participants (Mean ± Std. error)

Parameter Healthy participants (n=40) Diabetic participants (n=40)
Gender (M/F) 20/20 25/15
SBP(mmHg) 128.75 ± 0.86 149.90*** ± 1.91
DBP(mmHg) 80.03 ± 0.69 81.80 ± 1.06

M: male; F: Female; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; ***p<0.001 as compared to healthy participants

Alterations in the levels of fasting blood sugar (FBS), glycated hemoglobin (HbA1c) and lipid profile among healthy 
and diabetic participants were depicted in Table 2. Diabetic participants showed a remarkable (p<0.001) elevation 
in fasting blood sugar, glycated hemoglobin, total cholesterol and triglycerides levels as compared to that of healthy 
participants. Whereas, diabetic participants showed significantly (p<0.001) decline in the level of HDL-cholesterol in 
comparison to healthy participants, as shown in Table 2.
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Table 2 Levels of fasting blood glucose, HbA1c, and lipid profile in healthy and diabetic participants (Mean ± Std. error)

Parameter Healthy participants (n=40) Diabetic participants (n=40)
FBS (mmol/l) 5.05 ± 0.11 8.97*** ± 0.20
HbA1c (%) 5.02 ± 0.13 8.27*** ± 0.13

Total cholesterol (mmol/l) 3.72 ± 0.09 5.03*** ± 0.10
Triglycerides (mmol/l) 1.24 ± 0.07 2.36*** ± 0.10

HDL-cholesterol (mmol/l) 1.26 ± 0.04 0.85*** ± 0.04
FBS: fasting blood sugar; HbA1c: glycated hemoglobin; HDL: High-density lipoprotein; ***p< 0.001 as compared to healthy 
participants

Kidney function and electrolyte profile were assessed by evaluating the levels of blood urea nitrogen (BUN), creatinine, 
sodium (Na+), potassium (K+), and magnesium (Mg2+), as summarized in Table 3. There was a significant elevation 
in the levels of BUN, creatinine, and potassium in diabetic participants as compared to healthy participants (Table 3). 
On the other hand, a remarkable and noticeable (p<0.001) decline was found in the levels of sodium and magnesium 
in diabetic participants as compared to healthy participants, as depicted in Table 3.

Table 3 Kidney profile and electrolyte profile in healthy and diabetic participants (Mean ± Std. error)

Parameter Healthy participants (n=40) Diabetic participants (n=40)
BUN (mmol/l) 4.32 ± 0.19 7.88*** ± 0.35

Creatinine(µmol/l) 75.52 ± 2.09 167.15*** ± 8.45
Sodium (mmo/l) 140.20 ± 0.41 135.39*** ± 0.48

Potassium (mmol/l) 4.29 ± 0.06 4.80*** ± 0.10
Magnesium (mmol/l) 0.97 ± 0.02 0.74*** ± 0.01

***p< 0.001 as compared to healthy participants

Table 4 illustrates the correlation coefficients (Pearson) between serum magnesium (Mg2+) and other biochemical 
markers in diabetic participants. Relatively higher values of fasting blood sugar (FBS), glycated hemoglobin (HbA1c), 
and creatinine were observed in diabetic participants with a low level of serum magnesium (Mg2+) but the magnitude 
of the negative correlation between serum Mg and previous markers was low and non-significant. However, high 
level of serum cholesterol was significantly correlated with serum Mg (r=-0.94; p<0.05). Low level of serum HDL-
cholesterol was significantly correlated with serum Mg (r=-0.27; p<0.05). Also, high level of serum potassium was 
significantly correlated with serum magnesium (r=-0.40; P<0.01), as shown in Table 4.

Table 4 Biochemical correlation between serum magnesium level and biochemical markers among diabetic participants (n=40)

Biochemical markers
Magnesium level

Correlation coefficient (r) value p-value 
FBG(mmol/l) -0.03 NS
HbA1c (%) -0.07 NS

Total cholesterol (mmol/l) -0.29 p<0.05
Triglycerides (mmol/l) 0.15 NS

HDL-cholesterol (mmol/l) -0.27 p<0.05
BUN (mmol/l) 0.16 NS

Creatinine(µmol/l) -0.15 NS
Sodium (mmo/l) 0.08 NS

Potassium (mmol/l) -0.4 p<0.01
NS: Non-significant; p<0.05 considered significant; p<0.01 considered highly significant

DISCUSSION

Electrolyte imbalance found in diabetics is a remarkable diagnostic tool in clinical practice and has a significant 
impact on the risk of contracting diabetes complications [13]. Hence, our present investigation was an attempt to 
investigate the levels of electrolyte profile and other biochemical markers in diabetic participants and to clarify the 
credential signs and the biochemical correlations between magnesium and other biochemical markers studied in 
diabetic participants. In our study, out of 80 participants, two groups were formed; 40 healthy participants with normal 
blood glucose level and 40 diabetic participants with abnormal glucose level and glycated hemoglobin.
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The current investigation revealed remarkable elevation of fasting blood sugar and HbA1c in the diabetic participants 
as compared to healthy participants. These results are in harmony with the findings of the studies reporting that 
hyperglycemia and elevated glycated hemoglobin have been observed in diabetic subjects [1,14].

Diabetic patients exhibited an alteration in lipid profile and characterized by significant elevation in total cholesterol 
and triglycerides as compared to healthy participants. Also, diabetic subjects showed a remarkable decline in HDL-
cholesterol. These findings run parallel to those previous studies reporting that diabetic patients showed significant 
alterations in lipid profile levels which played a critical role in the development of dyslipidemia and other diabetic 
complications [1,15,16]. There are many factors contributing to the alterations in lipid profile in diabetic subjects, 
including hyperglycemia and insulin deficiency or resistance [17]. A decline in HDL-cholesterol level in diabetic 
subjects increased the risk of cardiovascular disease, due to a sensitive marker for an elevated level of atherogenic 
triglyceride-rich lipoproteins [18,19].

Blood urea nitrogen and creatinine are the simplest way to monitor kidney function [20]. The current study showed 
a significant elevation of blood urea nitrogen and creatinine levels in diabetic participants as compared to healthy 
participants, our findings run parallel to those previous reports stating that the high glucose level in diabetic state 
causes severe imbalance between protein metabolism and negative nitrogen balance, which in turn clarifies the 
elevated blood urea nitrogen and creatinine levels in blood of diabetic patients [19,21].

Significant alterations in electrolyte profile were observed in diabetic participants, sodium and magnesium level 
decreased, whereas a remarkable elevation in the level of potassium was noticed in diabetic participants. Our results 
are consistent with previous reports stating that the hyponatremia and hypomagnesaemia observed in diabetic subjects 
related to the osmotic diuresis is due to hyperglycemia and insulin resistance which in turn enhances urinary sodium 
and magnesium loss in response to the elevated level of glucose [22,23].

Regarding the biochemical correlation between serum magnesium and other biochemical markers studied, a 
remarkable correlation of blood magnesium with serum total cholesterol and HDL-cholesterol were detected in 
diabetic participants. The association of magnesium with lipid dysfunction appears conceivable as it is an essential 
co-factor in lipid metabolism. Our findings are consistent with who reported that there is a strong association between 
hypomagnesaemia and lipid profile in diabetic patients [24].

Moreover, the lower serum Mg levels are correlated with an alteration with renal function profile in diabetic subjects 
and revealed that serum magnesium has a highly significant and non-significant negative correlation with serum 
potassium and creatinine levels, respectively. Consistent with our findings, Yossef, et al., Pham, et al., and Dasgupta, 
et al., concluded that hypomagnesaemia in diabetic patients is considered as a novel predictor of end-stage renal 
disease [25-27].

CONCLUSION

The alterations in lipid and electrolyte profiles observed in diabetic participants have great potential as a diagnostic 
tool in clinical practice especially hypomagnesaemia which was widespread among our diabetic subjects and its 
correlations with other biochemical markers study bears important clinical implications in achieving better control of 
the risk of diabetic complications.

DECLARATIONS

Conflict of Interest

The authors have disclosed no conflict of interest, financial or otherwise.

REFERENCES

[1] Hasona, Nabil A. “Significance of cardiac and iron profile alteration in diabetic patients.” Comparative Clinical 
Pathology, Vol. 26, No. 4, 2017, pp. 951-54.

[2] World Health Organization. “Global Report on Diabetes 2016.” World Health Organization: Geneva, Switzerland, 
2016.

[3] Nuglozeh, Edem, and Nabil A. Hasona. “Co-Segregation of PCSK9 Gene I474V Variant with Diabetic and 
Hypercholesterolemic Subjects.” International Journal of Medical Research and Health Sciences, Vol. 6, No. 6, 
2017, pp. 100-05.



Hasona, et al. Int J Med Res Health Sci 2018, 7(5): 23-28

27

Kadhim, et al.

[4] IDF Diabetes Atlas. IDF diabetes atlas. (7th edition) Brussels, Belgium: International Diabetes Federation, 2015.

[5] Chen, Szu-chi, and Chin-Hsiao Tseng. “Dyslipidemia, kidney disease, and cardiovascular disease in diabetic 
patients.” The Review of Diabetic Studies, Vol. 10, No. 2-3, 2013, p. 88-100.

[6] Hasona, Nabil Abdel Salam Ahmed, et al. “Ameliorative properties of Iranian Trigonellafoenum-graecum L. 
seeds and Punicagranatum L. peel extracts in streptozotocin-induced experimental diabetic guinea pigs.” Asian 
Pacific Journal of Tropical Biomedicine, Vol. 7, No. 3, 2017, pp. 234-39.

[7] Long, Samantha, and Andrea MP Romani. “Role of cellular magnesium in human diseases.” Austin Journal of 
Nutrition and Food Sciences, Vol. 2, No. 10, 2014, p. 1051.

[8] Deepti, R., and G. Nalini. “Magnesium plays a salient role in the cells.” Journal of Clinical and Biomedical 
Science, Vol. 4, No. 4, 2014, pp. 341-45.

[9] Takaya, Junji, Hirohiko Higashino, and Yohnosuke Kobayashi. “Intracellular magnesium and insulin 
resistance.” Magnesium Research, Vol. 17, No. 2, 2004, pp. 126-36.

[10] Blaine, Judith, Michel Chonchol, and Moshe Levi. “Renal control of calcium, phosphate, and magnesium 
homeostasis.” Clinical Journal of the American Society of Nephrology, Vol. 10, No. 7, pp. 1257-72.

[11] Barbagallo, Mario, and Ligia J. Dominguez. “Magnesium and type 2 diabetes.” World Journal of Diabetes, Vol. 
6, No. 10, 2015, pp. 1152-1157.

[12] Chutia, Happy, and Kyrshanlang G. Lynrah. “Association of serum magnesium deficiency with insulin resistance 
in type 2 diabetes mellitus.” Journal of Laboratory Physicians, Vol. 7, No. 2, 2015, pp. 75-78.

[13] Hasona, Nabil A., and Abdulbaset Elasbali. “Evaluation of electrolytes imbalance and dyslipidemia in diabetic 
patients.” Medical Sciences, Vol. 4, No. 2, 2016, p. 7.

[14] Sherwani, Shariq I., et al. “Significance of HbA1c test in diagnosis and prognosis of diabetic patients.” Biomarker 
Insights, Vol. 11, 2016, 95-104.

[15] Farmer, John A. “Diabetic dyslipidemia and atherosclerosis: evidence from clinical trials.” Current Atherosclerosis 
Reports, Vol. 9, No. 2, 2007, pp. 162-68.

[16] Ali, Fatima, et al. “Comparative analysis of biochemical parameters in diabetic and non-diabetic acute myocardial 
infarction patients.” Indian Heart Journal, Vol. 68, No. 3, 2016, pp. 325-31.

[17] Schofield, J.D., et al. “Diabetes Dyslipidemia.” Diabetes Therapy, Vol. 7, No. 2, 2016, pp. 203-19.

[18] Wu, L, et al. “Diabetic dyslipidemia.” Metabolism, Vol. 63, 2014, pp. 1469-79.

[19] Hasona, N.A., et al. “Antihyperlipidemic effect of pomegranate peel and Iranian fenugreek extracts on 
cholesterol-rich diet induced hypercholesterolemia in guinea pigs.” Merit Research Journal of Medicine and 
Medical Sciences, Vol. 4, No. 4, 2016, pp. 196-203.

[20] Bastway Ahmed, M., N.A. Hasona, and A.H. Selemain. “Protective effects of extract from dates (Phoenix 
dactylifera L.) and ascorbic acid on thioacetamide-induced hepatotoxicity in rats.” Iranian Journal of 
Pharmaceutical Research, Vol. 7, No. 3, 2010, pp. 193-201.

[21] Bamanikar, S.A., A.A. Bamanikar, and A. Arora. “Study of serum urea and creatinine in diabetic and non-
diabetic patients in a tertiary teaching hospital.” The Journal of Medical Research, Vol. 2, No. 1, 2016, pp. 12-15.

[22] Lin, Ching-Chiang, et al. “Magnesium, zinc, and chromium levels in children, adolescents, and young adults with 
type 1 diabetes.” Clinical Nutrition, Vol. 35, No. 4, 2016, pp. 880-84.

[23] Liamis, George, et al. “Diabetes mellitus and electrolyte disorders.” World Journal of Clinical Cases, Vol. 2, No. 
10, 2014, pp. 488-96.

[24] Rasheed, Humaira, Shan Elahi, and Humayun Ajaz. “Serum magnesium and atherogenic lipid fractions in type 
II diabetic patients of Lahore, Pakistan.” Biological Trace Element Research, Vol. 148, No. 2, 2012, pp. 165-69.

[25] Yossef, Heba M., et al. “Relation of serum magnesium level to microvascular complications and the components 
of metabolic syndrome in patients with type 2 diabetes mellitus.” The Egyptian Journal of Internal Medicine, Vol. 
29, No. 3, 2017, pp. 100-04.



Hasona, et al. Int J Med Res Health Sci 2018, 7(5): 23-28

28

Kadhim, et al.

[26] Pham, P.C., P.M. Pham, and P. T. Pham. “Patients with diabetes mellitus type 2 and hypomagnesemia may have 
enhanced glomerular filtration via hypocalcemia.” Clinical Nephrology, Vol. 78, No. 6, 2012, pp. 442-48.

[27] Dasgupta, Arundhati, Dipti Sarma, and Uma Kaimal Saikia. “Hypomagnesemia in type 2 diabetes mellitus.” Indian 
Journal of Endocrinology and Metabolism, Vol. 16, No. 6, 2012, pp. 1000-03.


