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ABSTRACTABSTRACT
Background: Obesity is a worldwide medical menace with a huge health-economic burden. Glucose metabolism 
can be regulated by cellular magnesium in many ways; by mediating secretions of insulin and enabling receptor 
interaction of insulin. The objective of this study was to determine correlation between serum magnesium levels 
and insulin resistance in obese male subjects and compares with non-obese male.
Material and Methods: This cross sectional study was conducted at Central Park Medical College from December 
2021 to May 2022 on 40 obese and 40 non-obese males. Homeostasis model assessment for insulin resistance 
(HOMA-IR) index was used for determining insulin resistance and magnesium levels were assessed by using 
atomic absorption spectrophotometry.
Results: A significantly low serum magnesium level was found in obese subjects as compared to controls (mean 
±SD 1.356 ±0.215 vs. 1.79 ±0.267 mg/dl, p<0.0001). A significantly high HOMA-IR index was found in obese 
group than non-obese group (median (IQR); 3.12(2.65-3.46) vs. 1.61(1.46-1.83; p<0.0001).  
Conclusion: The study showed significantly lower serum magnesium level and higher insulin resistance in obese 
men as compared to non-obese. The study has also shown that serum magnesium is negatively correlated with 
IR. Lower serum magnesium levels and HOMA-IR indices were observed in obese group as compared to non-
obese group. 
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INTRODUCTIONINTRODUCTION
Obesity is a worldwide medical menace with a huge 
health-economic burden. The metabolic complica-
tions of obesity have detrimental effects on human 
health and there is growing realization that obesity 
must be curtailed to improve health outcomes. Type 
2 diabetes mellitus (type 2 DM), also termed non-in-
sulin dependent diabetes, involves relative insulin 
insufficiency and insulin resistance (IR).1 For all 

age groups, the incidence of diabetes is perceived 
to rise to 4.4% by the year 2030.2 Type 2 DM has 
prevalence in Pakistan of 26.3%.3 The two main 
pathological hallmarks of diabetes are in IR and 
dysfunction of beta cells resulting in hyperglycemia 
that may lead to type 2 DM.4 IR is a pathological con-
dition which is featured by decreased physiological 
reaction of peripheral tissues to insulin. It leads to 
various metabolic disorders which are collectively 
known as metabolic syndrome.5 
Body’s glycemic control, IR, metabolic syndrome, 
and diabetes are observed being improved due to 
presence of an important mineral i.e. magnesium.6, 

7 Magnesium is second richly available intracellular 
cation in the human body. Glucose metabolism can 
be regulated by cellular magnesium in many ways; 
by mediating secretions of insulin and enabling re-
ceptor interaction of insulin. In addition, magnesium 
facilitates signal transduction via tyrosine kinase 
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mediated phosphorylation. It serves as a cofactor for 
several important enzymatic reactions in metabolic 
pathways for glucose utilization.8, 9 Reaction of various 
enzymes concerned with glucose metabolism can 
be hindered due to decreased magnesium levels. 
Hypomagnesaemia also obstructs function of insulin 
receptor via enhanced plasma membrane micro-vis-
cosity culminating in decreased insulin sensitivity.10 
Some studies have shown that hypomagnesaemia 
is frequently found in diabetics, and it may be a fore-
going disorder in the development of hyperinsulin-
emia along with IR.11 Magnesium supplementation 
is found to be fruitful for treatment of diabetes and 
it prevents / slows down the development of its 
chronic complications.12, 13 The objective of current 
study was to determine magnesium levels and to 
correlate them with insulin resistance which was 
calculated using (HOMA-IR) index. 
Research Objective:
To asses and compare serum magnesium levels in 
obese and non-obese population of Lahore.
To asses and compare insulin levels in obese and 
non-obese population of Lahore.
To asses and compare fasting serum glucose levels 
in obese and non-obese population of Lahore.
To asses and compare HOMA-IR in obese and non-
obese population of Lahore.
To correlate serum magnesium levels with HO-
MA-IR.
Null Hypothesis:
H01: There is no statistically significant difference 
between serum magnesium levels of obese and 
non-obese local population of Lahore.
H02: There is no statistically significant difference 
between serum insulin levels of obese and non-
obese local population of Lahore.
H03: There is no statistically significant difference 
between fasting serum glucose levels of obese and 
non-obese local population of Lahore.
H04: There is no statistically significant difference 
between HOMA-IR of obese and non-obese local 
population of Lahore.
H05: There is no statistically significant correlation 
between serum magnesium levels and HOMA-IR.

MATERIALS AND METHODSMATERIALS AND METHODS
This cross-sectional study was conducted at Central 
Park Teaching Hospital Lahore from December 2021 
to May 2022. Random convenient sampling tech-
nique was employed and a total of 80 participants 
were recruited after calculating the sample size 
using WHO sample size calculator and were divided 
into two groups based on their body mass index in 
kilograms per meter square. Group I comprised of 

subjects (n=40) having BMI < 25 kg/m2 and same 
no. of subjects were included in group II having 
BMI >25 kg/m2 as per WHO guidelines for South 
Asians. WHO defined values of BMI for South Asians 
are different in comparison to other populations 
because they have got high percentage of body 
fat at lower BMI.14 According to WHO Asian specific 
criteria, normal range of BMI is 18.5-22.9Kg/m2

, over 
weight is ≥23Kg/m2 and obesity is ≥25Kg/m2.15 
Subjects with renal / hepatic disorders, uncontrolled 
blood pressure, and/or any acute infection were not 
included. On paper written informed consent was 
taken from all the subjects and ethical approval 
(CPMC/IRB-No/1303) was obtained from Central 
Park Research Committee. 
Fasting blood samples were taken from all the sub-
jects. Immediate centrifugation of blood samples 
was done for 10 minutes at 1000 rpm and the serum 
was preserved at – 20oC for subsequent utilization. 
Serum magnesium levels were measured by atomic 
absorption spectrophotometry.  Glucose oxidase 
method was used for measuring serum glucose and 
serum insulin was estimated using enzyme-linked 
immunosorbent assay (ELISA). The sample size 
was calculated by standard formula, considering 
power of study 90%, β as 0.1, level of significance 
0.05 and 95% confidence interval. Insulin resistance 
was evaluated by fasting level of serum glucose 
considered in mmol/l and serum insulin in µ IU/ml 
via HOMA-IR index. 
Statistical Analysis
SPSS ver. 21 was employed for analysis of the 
collected data. Shapiro-Wilk test was applied to 
check the normality of data. Mean and standard 
deviation (Mean±SD) were calculated for normal-
ly distributed quantitative variables while median 
and inter-quartile range (IQR) were calculated for 
non-normally distributed quantitative variables. 
Independent samples T-test and Mann Whitney 
U test were performed for observing group mean 
differences. Spearman’s correlation coefficient r 
was calculated to assess the relationship between 
serum magnesium and HOMA-IR. A p value less 
than .05 was considered as significant.

RESULTS RESULTS 
The mean ages for group 1 and 2 were 37.93 + 
2.82 and 37.93 + 5.49, with no significant mean 
difference on appliance of independent sample 
t test with p value of .069. Normality of the data 
was assessed by employing Shapiro Wilk test 
and further statistics were employed accordingly 
as explained in table 1. Serum magnesium levels 
were compared using independent sample t test 
while other parameters were assessed using Mann 
Whitney U test.    
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Table 1. Description of Normality Test based on 
Shapiro-Wilk Test

Shapiro-Wilk

Statistic Df Sig.

Serum magnesium(ng/ml) .981 80 .264

Fasting plasma insulin .934 80 .000

Fasting blood glucose 
(mmol/l) .958 80 .010

HOMA.IR .948 80 .003

A low level of serum magnesium was observed in 
group 2 (obese people) as Mean + SD of serum 
magnesium in Group I (non-obese men; 1.79 ± 
0.267 mg/dl) was higher than that in Group II (obese 
men; 1.356 ± 0.215 mg/dl). A statistically significant 

difference was observed in the serum magnesium 
levels between the two groups (p=0.0001) (Table 2).
Serum insulin of group I had median IQR value 7.07 
(6.43-7.77) µU/ml and in obese group II it was 13.25 
(11.7-14.6) µU/ml. Analysis of serum insulin levels 
among 2 groups showed statistically significant 
differences  (p=0.0001) (Table 3). 
In group I, value of median (IQR) serum glucose was 
90  (88-94.75) mg/dl and the value was 94 (92-99.5) 
mg/dl in group II. A statistically significant difference 
was observed in the fasting serum glucose levels 
between the two groups (p=0.001) (Table 4). 
Median (IQR) of HOMA-IR in group I was 1.61(1.46-
1.83) and it was 3.12 (2.65-3.46) in group II. The 
difference observed in HOMA-IR among two groups 
was significant (p=0.0001) (Table 5). 
An inverse correlation was observed between serum 
magnesium and HOMA-IR in all the study participants 
(r = - 0.522, p = <0.0001). 

Table 2. Serum Magnesium Levels in Non-Obese and Obese Population of Lahore.

Groups n Mean SD Mean differ-
ence

95% CI of difference
t-value d.f.

P-value
(2-tailed)Lower Upper

Non-Obese 40 1.7960 0.267 0.444 0.336 0.551 8.193 78 < .00001

Obese 40 1.3520 0.214 Independent-Samples t-test H01 rejected at α .05

Table 3. Serum insulin Levels in Non-Obese and Obese Population of Lahore.

Groups Median IQRs Difference 
of medians

Mann-     
Whitney U

Wilcoxon W Z
p-value 

(2-tailed)

Non-Obese (n=40) 7.07 6.43-7.77
6.18

.000 820.000 -7.700 .0001

Obese (n=40) 13.25 11.7-14.6 Mann Whitney U test H03 rejected at α 0.05

Table 4.Fasting Serum Glucose Levels in Non-Obese and Obese Population of Lahore.

Groups Median IQRs Difference 
of medians

Mann-     
Whitney U

Wilcoxon W Z
p-value 

(2-tailed)

Non-Obese (n=40) 90 88-94.75
4.0

469.000 1289.000 -3.192 .0001

Obese (n=40) 94 92-99.5 Mann Whitney U test H03 rejected at α 0.05

Table 5. HOMA-IR Scores in Non-Obese and Obese Population of Lahore.

Groups Median IQRs Difference 
of medians

Mann-     
Whitney U

Wilcoxon W Z
p-value 

(2-tailed)

Non-Obese (n=40) 1.61 1.46-1.83
1.51

2.000 822.000 -7.680 .0001

Obese (n=40) 3.12 2.65-3.46 Mann Whitney U test H04 rejected at α 0.05
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DISCUSSIONDISCUSSION
The present findings showed significantly lower se-
rum magnesium level and higher insulin resistance 
in obese males as compared to non-obese. Huerta 
et al, 2005 and Song et al., 2004 found a negative 
correlation in between serum magnesium and body 
BMI in healthy children and adults.13 
A poor glycemic control was found in patients having 
hypomagnesaemia in comparison with patients hav-
ing normal magnesium levels in a study by Dasgupta 
et al.16 In diabetes mellitus the magnesium deficiency 
is not only associated with development of disease 
but also with severity of the illness.
Hruby et al. in his work on middle aged diabetic 
Americans, witnessed that higher magnesium intake 
decreases the threat of progression of disease in 
high risk patients having insulin resistance and also 
in pre-diabetics.17 Multiple factors can cause low 
serum magnesium levels such as hypovitaminosis D, 
lower dietary intake of magnesium, and inflammatory 
conditions in obesity.18   Obesity predisposes to glu-
cose intolerance and insulin resistance. Magnesium 
deficiency is thought to be one of the causes for 
insulin insensitivity in obese persons.19  
The present work demonstrated an inverse cor-
relation between magnesium levels and HOMA-IR. 
These results are similar to the findings of Huerta 
et al., 2005.20  A reduced tyrosine kinase enzyme 
action is found at insulin receptor and evidence has 
linked it to hypomagnesaemia. This reduction in 
enzyme activity may results in decreased action of 
insulin and increased insulin resistance.  The effect 
of magnesium in enhancing tyrosine kinase action is 
through its effect of increasing the affinity of receptor 
for ATP which is vital step for auto phosphorylation 
of the of insulin receptor (b-subunits).21 In a study by 
Rodriguez and Guerrero-Romero, 2003 showed that 
magnesium supplementation improved the sensitivity 
of insulin as well as its metabolic control in patients of 
type 2 diabetes whom had prior hypomagnesemia.22  
Lower magnesium level has also been shown to 
correlate with more worsening of kidney function 
in patients of type 2 DM.23 Hata et al. observed that 
increased intake of magnesium is a noteworthy 
shielding factor for the occurrence of diabetes type 2 
in Japanese population. This effect is especially seen 
in subjects having poor drinking habits along with IR.24 
Remarkable improvement in insulin resistance has 
been observed in diabetics and non-diabetics when 
magnesium supplements had been given to them.20 
Magnesium intake has also been found to reduce the 
risk of diabetes but the evidence is mostly from Cau-
casian people and this effect in Asian population is 
to be fully enlightened. The findings from the present 
work are concordant with the previous studies and 
highlight the crucial role of magnesium in glucose 
homeostasis in the local population.

CONCLUSIONSCONCLUSIONS
The present study showed significantly lower serum 
magnesium level and higher insulin resistance 
in obese men as compared to non-obese. The 
study has also shown that serum magnesium 
is negatively correlated with HOMA-IR. Though 
hypomagnesaemia is frequently found in type 2 DM 
patients but still magnesium level assessment is not 
the part of regular clinical practice. Therefore, it is 
suggested that for a better control over type 2 DM 
may require regular estimation of serum magnesium 
and its supplementation wherever required. 

REFERENCESREFERENCES
1.	 American Diabetes Association. Diagnosis and 

classification of diabetes mellitus. Diabetes 
care 2014;1(37):81-90. https://doi.org/10.2337/
dc14-S081 

2.	 Wild S, Roglic G, Green A, Sicree R, King H. 
Global prevalence of diabetes: estimates for the 
year 2000 and projections for 2030. Diabetes 
care 2004;27(5):1047-53. https://doi.org/10.2337/
diacare.27.5.1047 

3.	 Basit A, Fawwad A, Qureshi H, Shera AS. Prevalence 
of diabetes, pre-diabetes and associated risk fac-
tors: second National Diabetes Survey of Pakistan 
(NDSP), 2016-2017. BMJ 2018; 8(8):e020961. 
https://doi.org/10.1136/bmjopen-2017-020961 

4.	 Forst T, Standl E, Hohberg C, Konrad T, Schulze 
J, Strotmann HJ, et al. IRIS II study: the IRIS II 
score-assessment of a new clinical algorithm 
for the classification of insulin resistance in pa-
tients with type 2 diabetes. Diabetic medicine 
2004;21(10):1149-53. https://doi.org/10.1111/
j.1464-5491.2004.01298.x 

5.	 Muoio DM, Newgard CB. Molecular and met-
abolic mechanisms of insulin resistance and 
β-cell failure in type 2 diabetes. Nature reviews 
Molecular cell biology 2008;9(3):193. https://doi.
org/10.1038/nrm2327 

6.	 Lopez-Ridaura R, Willett WC, Rimm EB, Liu S, 
Stampfer MJ, Manson JE, et al. Magnesium intake 
and risk of type 2 diabetes in men and women. 
Diabetes care 2004;27(1):134-40. https://doi.
org/10.2337/diacare.27.1.134 

7.	 Bo S, Pisu E. Role of dietary magnesium in 
cardiovascular disease prevention, insulin sen-
sitivity and diabetes. Current opinion in lipidol-
ogy 2008;19(1):50-6. https://doi.org/10.1097/
MOL.0b013e3282f33ccc 

8.	 Meyer JA, Spence DM. A perspective on the role 
of metals in diabetes: past findings and possible 
future directions. Metallomics 2009;1(1):32-41. 
https://doi.org/10.1039/B817203J 

9.	 Shah SIA, Iqbal S, Sikandar MZ, Qazi, UY, Haq I. 
Serum Vitamin D and Cardiometabolic Markers: A 
Comparative Study in Adult Men Based on Body 
Mass Index. Int Med J Malays 2021;20(2):67-
74. 10.31436/imjm.v20i2.1640. https://doi.
org/10.31436/imjm.v20i2.1640 

https://doi.org/10.2337/dc14-S081
https://doi.org/10.2337/dc14-S081
https://doi.org/10.2337/diacare.27.5.1047
https://doi.org/10.2337/diacare.27.5.1047
https://doi.org/10.1136/bmjopen-2017-020961
https://doi.org/10.1111/j.1464-5491.2004.01298.x
https://doi.org/10.1111/j.1464-5491.2004.01298.x
https://doi.org/10.1038/nrm2327
https://doi.org/10.1038/nrm2327
https://doi.org/10.2337/diacare.27.1.134
https://doi.org/10.2337/diacare.27.1.134
https://doi.org/10.1097/MOL.0b013e3282f33ccc
https://doi.org/10.1097/MOL.0b013e3282f33ccc
https://doi.org/10.1039/B817203J
https://doi.org/10.31436/imjm.v20i2.1640
https://doi.org/10.31436/imjm.v20i2.1640


212

Sabiha Iqbal, et al.

Gomal Journal of Medical Sciences October-December 2022, Vol. 20, No. 4

Copyright © 2022. Sabiha Iqbal, et al. This is an Open Access article distributed under the terms of the 
Creative Commons Attribution-NonCommercial 4.0 International License, which permits unrestricted 
use, distribution & reproduction in any medium provided that original work is cited properly.

AUTHORS’ CONTRIBUTIONAUTHORS’ CONTRIBUTION
The following authors have made substantial contributions to the manuscript as under: 

Conception or Design:		  SI, MZS, SIAS
Acquisition, Analysis or Interpretation of Data:	 SI, MZS, SIAS, TI, II, SN
Manuscript Writing & Approval:		  SI, MZS, SIAS, TI, II, SN
All the authors agree to be accountable for all aspects of the work in ensuring that questions related to 

the accuracy or integrity of any part of the work are appropriately investigated and resolved.

CONFLICT OF INTEREST
Authors declare no conflict of interest.

GRANT SUPPORT AND FINANCIAL DISCLOSURE
None declared.

10.	 Chutia H, Lynrah KG. Association of serum mag-
nesium deficiency with insulin resistance in type 2 
diabetes mellitus. J Lab Physicians 2015;7(2):75. 
https://doi.org/10.4103/0974-2727.163131 

11.	 Chaudhary DP, Sharma R, Bansal DD. Implica-
tions of magnesium deficiency in type 2 diabetes: 
a review. Biol Trace Elem Res 2010;134(2):119-29. 
https://doi.org/10.1007/s12011-009-8465-z 

12.	 Rodríguez-Moran M, Guerrero-Romero F. Oral 
magnesium supplementation improves the metabolic 
profile of metabolically obese, normal-weight 
individuals: a randomized double-blind placebo-
controlled trial. Arch Med Res 2014;45(5):388-93. 
https://doi.org/10.1016/j.arcmed.2014.05.003 

13.	 Song Y, Manson JE, Buring JE, Liu S. Dietary 
magnesium intake in relation to plasma insulin 
levels and risk of type 2 diabetes in women. 
Diabetes care 2004;27(1):59-65. https://doi.
org/10.2337/diacare.27.1.59 

14.	 Iqbal S, Shah SIA, Sikandar MZ. Relationship 
between serum vitamin D and insulin resistance 
in normal and overweight or obese men. TPMJ 
11/2019; 26(11):1810-4. https://doi.org/10.29309/
TPMJ/2019.26.11.237 

15.	 Misra A. Ethnic-specific criteria for classification 
of body mass index: a perspective for Asian Indi-
ans and American Diabetes Association position 
statement. Diabetes Technol Ther 2015;17(9):667-
71. https://doi.org/10.1089/dia.2015.0007 

16.	 Dasgupta A, Sarma D, Saikia UK. Hypomag-
nesemia in type 2 diabetes mellitus.  Indian J 
Endocrinol Metab 2012;16(6):1000. https://doi.
org/10.4103/2230-8210.103020 

17.	 Hruby A, Meigs JB, O'donnell CJ, Jacques 
PF, McKeown NM. Higher magnesium intake 
reduces risk of impaired glucose and insulin 
metabolism and progression from prediabetes 
to diabetes in middle-aged Americans. Diabetes 

care 2014;37(2):419-27. https://doi.org/10.2337/
dc13-1397 

18.	 Nielsen FH. Magnesium, inflammation, and 
obesity in chronic disease. Nutrition reviews 
2010;68(6):333-40. https://doi.org/10.1111/
j.1753-4887.2010.00293.x 

19.	 Song CH, Choi WS, Oh HJ, Kim KS. Associations 
of serum minerals with body mass index in adult 
women. Eur J Clin Nutr 2007;61(5):682. https://
doi.org/10.1038/sj.ejcn.1602568 

20.	 Huerta MG, Roemmich JN, Kington ML, Bovb-
jerg VE, Weltman AL, Holmes VF, Patrie JT, et 
al. Magnesium deficiency is associated with 
insulin resistance in obese children. Diabetes 
care 2005;28(5):1175-81. https://doi.org/10.2337/
diacare.28.5.1175 

21.	 Barbagallo M, Dominguez LJ. Magnesium 
and type 2 diabetes. World journal of diabetes 
2015;6(10):1152. https://doi.org/10.4239/wjd.
v6.i10.1152 

22.	 Rodriguez-Moran MA, Guerrero-Romero F. Oral 
magnesium supplementation improves insulin 
sensitivity and metabolic control in type 2 diabetic 
subjects: a randomized double-blind controlled 
trial. Diabetes care 2003;26(4):1147-52. https://
doi.org/10.2337/diacare.26.4.1147 

23.	 Saris NE, Mervaala E, Karppanen H, Khawaja JA, 
Lewenstam A. Magnesium: an update on physio-
logical, clinical and analytical aspects. Clin Chim 
Acta 2000;294(1-2):1-26. https://doi.org/10.1016/
S0009-8981(99)00258-2 

24.	 Hata A, Doi Y, Ninomiya T, Mukai N, Hirakawa Y, 
Hata J, et al. Magnesium intake decreases Type 2 
diabetes risk through the improvement of insulin 
resistance and inflammation: the Hisayama Study. 
Diabetic Medicine 2013;30(12):1487-94. https://
doi.org/10.1111/dme.12250

https://doi.org/10.4103/0974-2727.163131
https://doi.org/10.1007/s12011-009-8465-z
https://doi.org/10.1016/j.arcmed.2014.05.003
https://doi.org/10.2337/diacare.27.1.59
https://doi.org/10.2337/diacare.27.1.59
https://doi.org/10.29309/TPMJ/2019.26.11.237
https://doi.org/10.29309/TPMJ/2019.26.11.237
https://doi.org/10.1089/dia.2015.0007
https://doi.org/10.4103/2230-8210.103020
https://doi.org/10.4103/2230-8210.103020
https://doi.org/10.2337/dc13-1397
https://doi.org/10.2337/dc13-1397
https://doi.org/10.1111/j.1753-4887.2010.00293.x
https://doi.org/10.1111/j.1753-4887.2010.00293.x
https://doi.org/10.1038/sj.ejcn.1602568
https://doi.org/10.1038/sj.ejcn.1602568
https://doi.org/10.2337/diacare.28.5.1175
https://doi.org/10.2337/diacare.28.5.1175
https://doi.org/10.4239/wjd.v6.i10.1152
https://doi.org/10.4239/wjd.v6.i10.1152
https://doi.org/10.2337/diacare.26.4.1147
https://doi.org/10.2337/diacare.26.4.1147
https://doi.org/10.1016/S0009-8981(99)00258-2
https://doi.org/10.1016/S0009-8981(99)00258-2
https://doi.org/10.1111/dme.12250
https://doi.org/10.1111/dme.12250

	_Hlk531249186
	_Hlk531249479

