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ABSTRACT
Background: Diabetes is a growing public health burden across the world, particularly in the developing countries.
Homeostasis of the trace elements such as magnesium has been found to play an important role in the pathogenesis of
diabetes and diabetic complications. Studies had found out an association between serum magnesium and incident
diabetes; where diabetes may induce urinary magnesium loss. But in pre-diabetes, serum glucose levels are below the
threshold for urinary magnesium wasting and hence unlikely to influence serum magnesium levels. This study was
done to assess their serum magnesium levels and find its correlation.
Methods: This cross sectional study was done among 120 pre-diabetic subjects. Pre-diabetes was diagnosed as per
ADA guidelines and body mass index was calculated according to Asian guidelines of BMI. Serum magnesium levels
were done for all of them and statistically analysed to correlate the serum magnesium with body mass.
Results: The present study observed that 69 out of 120 pre-diabetics, 57.5% have low magnesium levels. This study
showed that 57.5% of pre-diabetics is having normal body mass index, out of which more than half of them are
having normal serum magnesium. But out of 12 obese pre-diabetics, 11 were having low serum magnesium 91.6%. (P
value 0.026 which is statistically significant).
Conclusions: This study observed that serum magnesium levels are low in Pre-diabetics. Significant hyomagnesemia
has been seen in pre-diabetics with high BMI compared to those with normal BMI.
Keywords: BMI, Hypomagnesemia, Pre-diabetes; Serum magnesium

INTRODUCTION
The prevalence of diabetes mellitus is increasing
worldwide and recent estimates indicates that one out of
three people will develop diabetes during their lifetime.1
Hence it is important to identify modifiable risk factors.
One such potential modifiable risk factor is serum
magnesium. Magnesium is a co factor in glucose
transport, insulin sensitivity and insulin secretion
providing a molecular basis for its involvement in the
pathogenesis of pre-diabetes and diabetes mellitus.1

Hypomagnesemia is defined as serum magnesium
concentrations <1.6 mg/dl in the general population.2
Hypomagnesemia causes altered cellular glucose
transport, altered insulin-insulin receptor interactions,
reduced insulin secretion and defective post receptor
insulin signalling thus aggravates insulin resistance.2
Patients with diabetes shows urinary magnesium loss,
caused by high sugars, hyperfiltration or a direct effect of
insulin on magnesium channels in the kidney.1 In
contrast, in pre diabetes, serum glucose levels are below
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the threshold for urinary magnesium loss and hence
unlikely to influence serum magnesium levels.1 Type 2
diabetes mellitus is associated with hypomagnesemia and
incidence rates of 12-47% is been reported.3,4
Only few studies about serum magnesium levels in prediabetes are available, and hence the need for this
research. This study aimed to find out the serum
magnesium levels in pre-diabetes and its correlation to
body mass index.
Objectives of the study were to study the serum
magnesium levels in pre-diabetes patients, to correlate
body mass index with serum magnesium in pre-diabetes
patients.
METHODS

The following investigations will be done in all cases –
FBS and PPBS using COBAS 6000 apparatus by
Hexokinase enzyme method and Serum Magnesium
measured using COBAS 6000 apparatus by photoelectric
calorimetry and HbA1c using BIORAD TURBO. Variant
V-II by immune-turbidometry.
Data collected were analyzed by using frequency,
percentage, mean, standard deviation, t-test, chi-square
test, pearson correlation coefficient and odds ratio.
Statistical analysis
All the statistical data were analysed using Statistical
Package for Social Sciences version.20 (SPSS Inc.,
Chicago, IL, USA). Descriptive statistics were expressed
as mean + S.D. Inferential statistics were computed using
Chi-square test and student “t” test.

Source of data
Sample size estimation
A cross sectional study was done for 1 year ( January
2018 to January 2019) on pre-diabetic volunteers who
were willing to participate in the study and individuals
who were detected to be pre-diabetic during routine
investigations in Father Muller medical college hospital
(IP OR OP) were included in the study.
After ethical committee approval, a total of 120 subjects
fulfilling the selection criteria were included in this study
after getting a written informed consent.

Sample size was calculated using the formula given
below
n = Zα2*P(1-P)/e 2
p=2.9%, e=3% , Zα=1.96 at 95% CI, n=120
RESULTS
A total 120 subjects who fulfilled the criteria were
studied.

Inclusion criteria
Individuals above 18 years of age who got detected to be
pre-diabetic were included in the study.
Exclusion criteria
Patients with known co-morbidities such as Diabetes
mellitus, Chronic kidney disease, Chronic liver disease,
Malabsorption syndrome, Thyroid disorders, chronic
diarrhoea, chronic pancreatitis, Drug therapy patients
taking diuretics and magnesium containing antacids and
Chronic Alcoholics and smokers were excluded from the
study.
Methodology
Diagnosis of pre-diabetics as per ADA guidelines (FBS
100-125 mg/dl or PPBS 140-200 mg/dl or HbA1c 5.76.4%).
BMI was calculated for all the pre-diabetic individuals
(according to Asian guidelines of BMI, where BMI =
Weight in Kg/Height in m2, where obese is > 25kg/m2
according to Asian guidelines), then the serum
magnesium levels were assessed (serum magnesium ≥ 1.6
mg/dl is considered normal).

Age
Out of 120 study subjects (Pre-diabetics) included in the
study, the maximum number of participants were in the
age group of 51 - 60 years of age. The mean age of the
participants was 54.83 with the age ranging from 26 years
to 89 years (Table 1).
Table 1: Frequency distribution of subjects based on
age.
Age (in years)
≤ 30
31-40
41-50
51-60
61-70
>70
Total

Number
6
13
22
41
25
13
120

Valid percent
5
10.8
18.3
34.2
20.8
10.8
100

Gender
Out of the total 120 pre-diabetics, 74 (61.7%) were males
and 46 (38.3%) were females.

International Journal of Research in Medical Sciences | April 2021 | Vol 9 | Issue 4

Page 1144

Koshy A et al. Int J Res Med Sci. 2021 Apr;9(4):1143-1148

Table 2: Distribution of subjects based on gender.
Gender
Males
Females

Number
74
46

Table 4: Distribution of subjects based on BMI (Asian
Guidelines).

Valid percent
61.7
38.3

BMI (Kg/m2)
Normal (18.5-22.9)
Overweight (23–24.9)
Obese (more than 25 )
Total

Occupation
68 pre-diabetics (i.e. 56.6%) are leading a sedentary life
style. 26.6 % of pre-diabetics leading moderate and
16.6% leading heavy work life style (Table 3).
Table 3: Distribution of subjects based on occupation.
Occupation
Sedentary
Moderate
Heavy
Total

Number
68
32
20
120

Valid percent
56.66
26.6
16.6
100

Number
69
39
12
120

Valid percent
57.50
32.50
10
100

Serum magnesium
51 out of 120 pre-diabetics, 42.5 % have normal serum
magnesium. 69 out of 120 pre-diabetics, i.e. 57.5% of
them have low serum magnesium levels. The mean serum
magnesium levels were found to be 1.6 mg/dl (Table 5).
68 (56.6%) pre-diabetics are leading sedentary life, out of
which 46 subjects (67.6 %) were having low magnesium
levels (Table 6) which is statistically significant (p-value
0.033).
Table 5: Distribution of subjects based on serum
magnesium.

Body mass index
According to Asian guidelines of BMI, 69 out of 120, i.e.
57.5 % of all pre-diabetics are having normal BMI. 51
pre-diabetics were found to have high body mass index.
(42.5%), 32.5% of all pre-diabetics are having
overweight and 10% of pre-diabetics are obese, with an
average BMI of 23.07 kg/m2 (Table 4).

Serum
magnesium
<1.6 mg/dl
≥1.6 mg/dl
Total

Number of subjects
69
51
120

Valid
percent
57.5
42.5
100

Table 6: Comparison of occupation and serum magnesium.
Occupation
Sedentary
Moderate
Heavy
Total

Serum Magnesium
<1.6 (low magnesium)
46
15
8
69

≥1.6 (normal magnesium)
22
17
12
51

Total

Chi square test

P value

68
32
20
120

6.85

0.033

Table 7: Comparison of BMI and serum magnesium.
Serum Magnesium

BMI
Normal (18.5-22.9)
Overweight (23-24.9)
Obese (>25)
Total

<1.6 (low magnesium)
34 (49.2%)
24 (61.5%)
11 (91.70%)
69 (57.50%)

Total
≥1.6 (normal magnesium)
35 (50.7%)
15 (38.5%)
1 (8.3%)
51 (42.50%)

69 (100%)
39 (100%)
12 (100%)
120

Chi square
test

P
value

7.294

0.026

Table 8: Comparison of FBS, PPBS, HbA1C and BMI with magnesium using t-test.

FBS
PPBS
HbA1C
BMI

≥1.6 (normal magnesium)
<1.6 (low magnesium)
≥1.6 (normal magnesium)
<1.6 (low magnesium)
≥1.6 (normal magnesium)
<1.6 (low magnesium)
≥1.6 (normal magnesium)
<1.6 (low magnesium)

N
51
69
51
69
51
69
51
69

Mean
111.540
115.157
144.400
154.171
6.096
6.110
22.6
23.4

Std. deviation
5.7222
7.1902
13.1335
14.5263
0.1884
0.1866
1.41
2.1

t test
2.951

P value
0.004

3.779

0.003

0.404

0.687

2.297

0.023
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Out of 69 pre-diabetics with normal BMI, 50.7 % were
found to have normal serum magnesium. Out of 39
overweight pre-diabetics, 24 has got low magnesium
(61.5%).0ut of 12 obese pre-diabetics, 11 were having
low serum magnesium (91.7%) (p value.0.026 which is
statistically
significant,
Table
7).
Significant
hypomagnesemia has been found in pre-diabetics with
high BMI. Using standard deviation and t test, serum
magnesium levels were low with high FBS, PPBS,
HBA1C and BMI and its statistically significant in all
except for HbA1C ( p value 0.687 , Table 8 )
Table 9: Pearson correlation coefficient of various
parameter.
Various parameter
BMI
FBS
PPBS
HbA1c

Pearson
correlation
-0.113
-0.266
-0.289
-0.049

P value
0.22
0.003
0.001
0.592

Pearson correlation coefficient showed a negative
correlation for serum magnesium with FBS, BMI, HbA1c
and PPBS in pre diabetic patients (r= -0.266, -0.113, 0.049,-0.289) i.e. higher the FBS, PPBS, HbA1C and
BMI, lower the serum magnesium (Table 9).
Table 10: Odds ratio.

Variables

Odds
ratio

BMI
HbA1C
PPBS
FBS
Age
Gender

1.321
0.436
1.054
1.073
1.004
0.600

95% C.I.for odds
ratio
Lower Upper
1.037
1.682
0.043
4.415
1.019
1.090
1.005
1.147
0.972
1.037
0.255
1.412

P value
0.024
0.483
0.002
0.036
0.792
0.292

In the present study among 120 pre-diabetics, 51
individuals i.e. 42.5% were either overweight or obese
and of them more than half i.e. 35 individuals (68.6%)
were having low magnesium level, while among those
who were of normal BMI, 50.7% were having normal
magnesium level. This difference in the serum
magnesium level between overweight/obese individuals
as compared to those who were not overweight or obese
(normal BMI) was found to be statistically significant
(OR=1.321(1.037-1.682) p=0.024) Table 10.
DISCUSSION
Pre-diabetes
Pre-diabetes can be defined as a condition in which blood
sugar is high, but not high enough to be termed as
diabetes mellitus. It can be impaired glucose tolerance,
which means higher than normal blood sugar after a meal

or impaired fasting glucose which means higher than
normal blood sugar in the morning before eating.5 The
estimated prevalence of pre-diabetes was 6.3% and
obesity was significantly associated with elevated prediabetes prevalence.6
Magnesium
Magnesium is the fourth most abundant cation in our
body. It is one of the important components of many food
items like grains, nuts, and green leafy vegetables.7
Magnesium is a co-factor in several pathways including
glucose transport, insulin sensitivity and insulin secretion.
Hypomagnesemia can induce altered cellular glucose
transport, reduced insulin secretion, defective post
receptor insulin signalling and altered insulin receptor
interactions and thus aggravating insulin resistance.8
Insulin by itself does not influence the serum magnesium
concentration but in hyperglycaemic state, insulin causes
rapid intracellular uptake of glucose. This process causes
an increase in the phosphorylation by sodium potassium
ATPase on the cell membrane. Since magnesium is a co
factor for sodium potassium ATPase, magnesium is
consumed, which subsequently decreases the serum
magnesium concentration.9,10 One third of body
magnesium is bound to plasma proteins , the remaining
two thirds, which is diffusible or ionized, appears to be
the biologically active component.17 In normal man, daily
magnesium intake should be between 240 and 480 mg to
maintain an adequate magnesium balance.26
Hereditary factors, poor dietary intake, autonomic
dysfunction, altered insulin metabolism, glomerular
hyperfiltration, osmotic diuresis, hypophosphatemia and
hypokalemia all contributes to hypomagnesemia in
diabetic patients.16,18 Intracellular magnesium deficiency
leads to decrease in tyrosine kinase activity of insulin
receptors and impairment in insulin action , resulting in
insulin resistance. Hypomagnesaemia (<1.6 meq) is a
well recognized clinical syndrome characterized by
muscular symptoms (gross muscular tremor, ataxia,
tetany), psychiatric manifestations (agitation, confusion
and hallucinations) and cardiological signs (low-voltage
T-wave at the ECG).18,19
Our study includes 120 pre-diabetics whose serum
magnesium levels and BMI were assessed to find the
correlation between them. In the study we found out 120
pre-diabetics ranging from 26-89 years, with mean age of
54.83 years with maximum participants in the age group
of 51-60 years. But In a population based cohort study
done by Kieboom et al in Netherlands, the mean age of
pre-diabetes was 64.7 years.1 Among the total 120 prediabetics included in the study, 74 (61.7%) were males
and 46 (38.3%) were females whereas 50.4 % were
females in the study done by Kieboom et al.1 The study
revealed that 68 pre-diabetics (i.e. 56.6%) are leading a
sedentary life style and 26.6% of pre-diabetics leading
moderate and 16.6% leading heavy work life style. Our
study showed that 69 out of 120, i.e. 57.5 % of all pre-
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diabetics are having normal BMI and 51 pre-diabetics
were found to have high body mass index (42.5%).
32.5% of all pre-diabetics are overweight and 10% of the
pre-diabetics are obese.
The present study showed average BMI of 23.07 kg/m2 in
pre-diabetics with hypomagnesaemia. A cross sectional
study done among pre-diabetics in Lebanon showed
individuals with hypomagnesaemia have an average BMI
of 27.5 kg/m2.23 Our study observed that
hypomagnesemia was present among 69 pre-diabetics
(57.5%) and 51 pre-diabetics were having normal serum
magnesium. In a case control study done in Chennai,
serum magnesium levels were found to be lower in cases
with pre-diabetes when compared to non-diabetic
controls.21 In the cross sectional study done in Lebanon,
among individuals with pre-diabetes, 73.3% had
hypomagnesaemia.23 The range of serum magnesium in
pre-diabetics in the present study is 1.30 to 2.40 mg/dl
with mean value of 1.6 mg/dl whereas in a study done by
Kieboom et al, the range of serum magnesium is 0.82 to
2.9 mg/dl with mean serum magnesium value of 1.52
mg/dl.1 In a case control study done in chennai, mean
serum magnesium in pre-diabetes was 1.49 mg/dl.21
The average FBS, PPBS and HbA1C in the present study
was 113.65 mg/dl, 150.1 mg/dl and 6.1% respectively
which is in concurrence with the Chennai study.21 The
present study shows that there is no significant
association between age and serum magnesium level,
These findings are in concurrence with the study done in
Lebanon.23 Out of 74 pre-diabetic males, 48 were found
to have low serum magnesium (64.9%). Out of 46 prediabetic females, 21 were found to have low serum
magnesium (45.7%). The present study found out that
low magnesium levels have significantly higher
proportion of males (p-value 0.026) but we have not
taken equal number of male and female patients. In the
population based cohort study done in Netherlands by
Kieboom et al, hypomagnesemia was found to be more
prevalent among females.1
In the study done in Lebanon, the Pearson Chi-Square
Test showed that Magnesium levels did not correlate with
gender (p=0.45).23 Among the 120 pre-diabetics in our
present study, 68 (56.6%) subjects are leading sedentary
life, out of which 46 subjects (67.6%) were having low
magnesium levels which is statistically significant (p
value 0.033). Significant hypomagnesemia was found in
individuals who are leading sedentary lifestyle which is
in concurrence with other studies.
Out of 69 pre-diabetics with normal BMI, 50.7% were
found to have normal serum magnesium. Out of 39
overweight pre-diabetics, 24 have got low serum
magnesium (61.5%). Out of 12 obese pre-diabetics, 11
were having low serum magnesium (91.7%). So the
present study shows that among 69 pre-diabetics (i.e.
0.57.5%) who is having nor-mal body mass index, more
than half of them are having normal serum magnesium,

whereas out of 12 obese pre-diabetics, 11 were having
low serum magnesium; 91.7% (p-value.0.026 which is
statistically significant).
In this study, Pearson correlation coefficient showed a
negative correlation for serum magnesium with FBS,
PPBS, BMI and HbA1c in pre-diabetic patients. Higher
the FBS, PPBS, BMI and HbA1C, lower the serum
magnesium. These findings are in concurrence with the
cross sectional study done in Lebanon.23 Significant
hypomagnesemia has been observed in individuals with
high BMI (P value of 0.026) in this study. The study done
in Najran University, KSA showed that serum
magnesium decreases with an increase in BMI.22 Higher
the BMI and lower the serum magnesium, worse the
glycemic control.22,25
CONCLUSION
Serum magnesium levels are found to be low in prediabetics. Significant hypomagnesemia is observed in
pre-diabetics with high body mass index. Further studies
will be needed to elaborate on this association,
monitoring the diets and physical activity in a larger
population. It also remains to be proven whether there are
any benefits, if magnesium supplementations are given in
pre-diabetics.
Funding: No funding sources
Conflict of interest: None declared
Ethical approval: The study was approved by the
Institutional Ethics Committee
REFERENCES
1.

2.

3.

4.

5.

6.

7.

Kieboom BC, Ligthart S, Dehghan A, Kurstjens S,
de Baaij JH, Franco OH, et al. Serum magnesium
and the risk of prediabetes: a population-based
cohort study. Diabetologia. 2017;60(5):843-53.
Pham PC, Pham PM, Pham SV, Miller JM, Pham
PTT. Hypomagnesemia in patients with type
2diabetes. Clin J Am Soc Nephrol. 2007;2(2):36673.
Simmons D, Joshi S, Shaw J. Hypomagnesaemia is
associated with diabetes: not pre-diabetes, obesity or
the metabolic syndrome. Diabetes Res Clin Pract.
2010;87:261-6.
Gommers LM, Hoenderop JG, Bindels RJ, de Baaij
JH. Hypomagnesemia in type 2 diabetes: a vicious
circle? Diabetes. 2016;65(1):3-13.
World Health Organization. Definition and
diagnosis of diabetes mellitus and intermediate
hyperglycaemia: report of a WHO/IDF consultation.
Haider NY, Ziyab AH. Prevalence of prediabetes
and its association with obesity among college
students in Kuwait: a cross-sectional study. Diabetes
Res Clin Pract. 2016;119:71-4.
Koller KR, Metzger JS, Jolly SE, Umans JG,
Hopkins SE, Kaufmann C, et al. Cardiometabolic
correlates of low type 2 diabetes incidence in

International Journal of Research in Medical Sciences | April 2021 | Vol 9 | Issue 4

Page 1147

Koshy A et al. Int J Res Med Sci. 2021 Apr;9(4):1143-1148

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

western Alaska Native people. Diabetes Res Clin
Pract. 2015;108(3):423-31.
Færch K, Witte DR, Tabák AG, Perreault L, Herder
C, Brunner EJ, et al. Trajectories of cardiometabolic
risk factors before diagnosis of three subtypes of
type 2 diabetes: a post-hoc analysis of the
longitudinal Whitehall II cohort study. Lancet
Diabetes Endocrinol. 2013;1(1):43-51.
Ligthart S, Herpt TT, Leening MJ, Kavousi M,
Hofman A, Stricker BH, et al. Lifetime risk of
developing impaired glucose metabolism and
eventual progression from prediabetes to type 2
diabetes: a prospective cohort study. Lancet
Diabetes Endocrinol. 2016;4(1):44-51.
Pilchova I, Klacanova K, Tatarkova Z, Kaplan P,
Racay P. The involvement of Mg2+in regulation of
cellular and mitochondrial functions. Oxid Med Cell
Longev. 2017;1–8.
Saris NE, Mervaala E, Karppanen H, Khawaja JA,
Lewenstam A. Magnesium: an update on
physiological, clinical and analytical aspects.
Clinica chimica acta. 2000;294(1-2):1-26.
Lau A, Chan L. Electrolytes, other minerals and
trace elements. Basic skills in interpreting
laboratory data. 4th edition. American society of
Health System Pharmacists. 2009;119-49.
Yajnik CS, Smith RF, Hockaday TD, Ward NI.
Fasting plasma magnesium concentrations and
glucose disposal in diabetes. Br Med J.
1984;288(6423):1032-4.
Rao PP, Shariff MG. Serum magnesium levels in
type 2 diabetic patients with microalbuminuria and
normoalbuminuria. Int J Scientific Study.
2015;3(4):11-5.
American Diabetes Association. Classification and
diagnosis of diabetes: standards of medical care in
diabetes 2019. Diabetes Care. 2019;42(1):13-28.
Tabák AG, Jokela M, Akbaraly TN, Brunner EJ,
Kivimäki M, Witte DR. Trajectories of glycaemia,
insulin sensitivity, and insulin secretion before
diagnosis of type 2 diabetes: an analysis from the
Whitehall
II
study.
The
Lancet.
2009;373(9682):2215-21.
Saydah SH, Loria CM, Eberhardt MS, Brancati FL.
Subclinical states of glucose intolerance and risk of
death in the US. Diabetes care. 2001;24(3):447-53.

18. Levine C, Coburn JW. Magnesium, the
mimic/antagonist of calcium. N Engl J Med.
1984;19:1253-57.
19. Graham LA, Caesar JJ, Buegen AS. Gastrointestinal
absorption and excretion of Mg2+ in man.
Metabolism. 1960;9:646-59.
20. Barbagallo M, Dominguez LJ, Galioto A, Ferlisi A,
Cani C, Malfa L. et al. Role of magnesium in insulin
action, diabetes and cardio-metabolic syndrome X.
Molecular aspects of medicine. 2003;24(1-3):39-52.
21. Sumathi K, Chandrika AM. Role of magnesium in
prediabetes. Scholars Academic J Pharm.
2015;5(1):12-3.
22. Babikr WG, Shalayel MHF, Abdelraheem AH,
Elhussein A. Impact of body Mass index on
hypomagnesemia and hypoocalcemia in Type 2
Diabetic
patients.
Biomed
Pharmacol
J.
2016;9(3):933-40.
23. Nemer R, Wehbe T, Jaoude AE. Serum magnesium
association with insulin resistance, pre-diabetes and
type 2 diabetes. J Clin Endocrinol Diab.
2018;110:63-9.
24. Franssens BT, Graaf Y, Kappelle LJ, Westerink J,
Borst GJ, Cramer MJ, et al. Body weight, metabolic
dysfunction, and risk of type 2 diabetes in patients at
high risk for cardiovascular events or with manifest
cardiovascular disease: a cohort study. Diabetes
Care. 2015;38(10):1945-51.
25. 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 middleaged americans. Diabetes Care. 2014;37(2):419-27.
26. 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.

Cite this article as: Koshy A, Roshan M. Study of
serum magnesium levels in pre-diabetics and its
correlation to body mass index. Int J Res Med Sci
2021;9:1143-8.

International Journal of Research in Medical Sciences | April 2021 | Vol 9 | Issue 4

Page 1148

