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ABSTRACT 

 Diabetes mellitus (DM), commonly referred to as diabetes, is a group of metabolic disorders in which there are high 

blood sugar levels over a prolonged period. Pre-diabetes is the precursor stage before diabetes mellitus in which not all of the 

symptoms required to diagnose diabetes are present, but blood sugar is abnormally high. This stage is often referred to as the 

"grey area". Hypomagnesaemia may be considered as one of the aggravating factors for insulin resistance. The kidneys lose 

their ability to maintain magnesium levels during periods of uncontrolled hyperglycaemia which may then result in lower 

blood levels of magnesium. Our study was aimed to assess and compare the  serum magnesium level  in pre-diabetic subjects 

and healthy controls. The present study is a case control study, conducted on 150 pre-diabetic subjects. Subjects were selected 

from MOPD of Jawahar Lal Nehru Medical College and Associated Group of Hospitals, Ajmer. Age and sex matched healthy 

controls (n = 50) were selected from MOPD of Jawahar Lal Nehru Medical College and Associated Group of Hospitals, Ajmer. 

The present study is approved by Institutional Ethical Committee. Serum magnesium level was found to be lower in pre-

diabetic subjects. Serum magnesium can be used as a biomarker for the early detection of pre-diabetic subjects in the general 

population to prevent the morbidity and mortality which are associated with diabetes mellitus. Therefore, in these pre-diabetic 

subjects if hypomagnesaemia is detected, magnesium supplementation can be a useful for improving the metabolic status in 

these subjects. 
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 Diabetes mellitus is now considered a giant 

killer disease of the 21st century with its vicious prongs in 

the South-East Asian countries, specially India, which is 

rightly said to be the ‘’Diabetes Capital’’ of the world 

(Wild et al., 2004). In Indian population, 61.3 million 

people had diabetes in 2011, which is expected to reach 

101.2 million by 2030 (International Diabetes Federation) 

now placing India at second position in world diabetic 

prevalence (Anjana et al., 2011). Diabetes mellitus (DM), 

commonly referred to as diabetes, is a group of metabolic 

disorders in which there are high blood sugar levels over 

a prolonged period ("About diabetes", WHO 2014). Pre-

diabetes is a component of the metabolic syndrome and is 

characterized by elevated blood sugar levels that fall 

below the threshold to diagnose diabetes mellitus. It 

usually does not cause symptoms but people with pre-

diabetes often have obesity (especially abdominal or 

visceral obesity), dyslipidemia and hypertension 

(American Diabetes Association, 2017). Pre-diabetes is 

the precursor stage before diabetes mellitus in which not 

all of the symptoms required to diagnose diabetes are 

present, but blood sugar is abnormally high. This stage is 

often referred to as the "grey area" ("Prediabetes"). Pre-

diabetes typically has no distinct signs or symptoms 

except the sole sign of high blood sugar. Patients should 

monitor for signs and symptoms of type 2 diabetes 

mellitus such as increased thirst, increased urination, and 

feeling tired ("Diabetes: 'Prediabetes'", 2009). 

 Impaired fasting glycemia or impaired fasting 

glucose (IFG) refers to a condition in which the fasting 

blood glucose is elevated above what is considered 

normal levels but is not high enough to be classified as 

diabetes mellitus. It is considered a pre-diabetic state, 

associated with insulin resistance and increased risk of 

cardiovascular pathology, although of lesser risk than 

impaired glucose tolerance (IGT). IFG sometimes 

progresses to type 2 diabetes mellitus (Nichols et al., 

2007). Fasting blood glucose levels are in a continuum 

within a given population, with higher fasting glucose 

levels corresponding to a higher risk for complications 

caused by the high glucose levels. Some patients with 

impaired fasting glucose also may be diagnosed with 

impaired glucose tolerance, but many have normal 

responses to a glucose tolerance test. Fasting glucose is 

helpful in identifying pre-diabetes when positive but has a 

risk of false negatives. 
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 Approximately 11% of people with pre-diabetes 

who receive no treatment or intervention will develop 

type 2 diabetes every year (Knowler et al., 2002). A 

recent study reported that 77.2 million populations in 

India fall in pre-diabetic group or the risk group (Anjana 

et al., 2011). Magnesium plays an important role in 

carbohydrate metabolism. It may influence the release 

and activity of insulin, the hormone that helps to control 

blood glucose levels. Low blood levels of magnesium are 

frequently seen in individuals with type-2 diabetes 

(Kobrin and Goldfarb, 1990) (Mishra et al., 2012). Mg is 

found in many foods, especially whole grains, legumes, 

green leafy vegetables and nuts. According to previous 

researches, Mg intake may be negatively correlated with 

several chronic diseases, such as metabolic syndrome, 

diabetes, hypertension and cardiovascular disease (Delva, 

2003) (Elmarakby and Sullivan, 2012) (Mima, 2013) 

(Schulze et al., 2007) (Touyz, 2003). 

MATERIALS AND METHODS 

 The present study is a case control study, 

conducted on 150 pre-diabetic subjects. Pre-diabetic 

Subjects were selected from MOPD of Jawaharlal Nehru 

Medical College and Associated Group of Hospitals, 

Ajmer. Age and sex matched healthy controls (n = 50) 

were selected from MOPD of Jawaharlal Nehru Medical 

College and Associated Group of Hospitals, Ajmer. The 

results of pre-diabetic subjects were compared with 

healthy controls (n=50). The present study is approved by 

Institutional Ethical Committee. 

For Control Group 

 Healthy individuals age and sex matched with 

Fasting serum glucose level <110mg/dl & two hour 

serum glucose level <140mg/dl. 

Inclusion Criteria for Study Group 

1. Fasting serum glucose level 110 – 125mg/dl (IFG).  

2. Two hour serum glucose level after ingestion 75g of 

glucose 140 to 199 mg/dl. 

Exclusion Criteria for Study Group 

1. Fasting serum glucose greater than or equal to 126 

mg/dl.  

2. Two hour serum glucose level greater than or equal 

to 200 mg/dl during an oral glucose tolerance test. 

3. Patients with classic symptoms of hyperglycemia, 

random serum glucose greater than or equal to 200 

mg/dl. 

4. Patients diabetes mellitus, hypothyroidism, 

cardiovascular disease, cerebrovascular disease, renal 

disease, smokers and alcoholics. 

 Blood samples were collected after an overnight 

fast (12-14hrs) and after two hour post prandial under 

aseptic conditions from all the study participants. All 

samples were centrifuged and analyzed for blood sugar 

and serum magnesium. The blood sugar was measured by 

enzymatic GOD-POD end point method. Magnesium was 

measured by Colorimetric Xylidyl blue method.  

STATISTICAL ANALYSIS 

 All data were analyzed by SPSS-13 version. P< 

0.01 were considered as significant. 

RESULTS 

 The study included 150 pre-diabetic subjects and 

50 healthy control subjects. The results are summarized 

in tables and figures. Among the 150 pre-diabetic 

subjects, 40 (26.66%) were males and 110 (73.33%) were 

females. Out of the 50 healthy subjects, 15 (30%) were 

males and 35 (70%) were females. There was no 

significant difference in the sex distribution between the 

pre-diabetic subjects and healthy controls. The sex 

distribution of the study population is depicted in table 1. 

The physical characteristics and anthropometric measures 

were presented in table 1. The difference between both 

groups was found that the Mean±SD of weight and the 

BMI were more in pre-diabetic subjects than controls and 

difference was statistically significant (p<0.001) while 

the mean age and sex matched were not significant 

(p>0.005), it also shows (table 1 & figure 1) that the 

mean height was less than controls and the difference was 

significant. The table 2 & figure 2 show the Mean±SD of 

blood sugar and serum magnesium level. The table 2 & 

figure 2 show Mean±SD of Fasting Serum Glucose level 

(116.5±4.61 v/s 98.87±9.8) mg/dl and two hour Post 

Prandial Serum Glucose level (165.26±16.2 v/s 

126.06±15.6) mg/dl in pre-diabetic subjects compared to 

healthy controls were significantly (P<0.0001) raised. 

Also table 2 & figure 2 shows that the Mean ± SD of 

Serum Magnesium level was less in pre-diabetic subjects 

(1.72±0.09mg/dl) than healthy controls (2.19±0.24 mg/dl) 

and difference was statistically highly significant 

(P<0.0001). Pre-diabetic subjects have lower serum 

magnesium levels (<1.9 mg/dl).  
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Table 1: Anthropometric Parameters of Healthy Control Subjects V/S Pre-diabetic Subjects 

Anthropometric 

Parameters 

Healthy control subjects 

(n=50) Mean ± SD 

Pre-diabetic subjects 

(n=150) Mean ± SD 
P-Value 

Age(yr.) 48.51±8.44 49.42±9.01 ˃0.005 

Sex distribution 

Female (%) 35 (70%) 110 (73.33%) (NS) 

Male (%) 15 (30%) 40 (26.66%) (NS) 

Height(cm) 158.13±0.05 153.23±4.4 ˂0.001(HS) 

Weight (kg) 51.5±4.9 72.13±4.5 ˂0.001(HS) 

BMI (kg/m2) 21.98±5.03 29.01±3.01 ˂0.001(HS) 

 

Table 2: Biochemical Parameters of Healthy Control Subjects v/s Pre-diabetic Subjects 

Biochemical Parameters Healthy Control Subjects 

(n=50) Mean ±SD 

Pre-diabetic subjects 

(n=150) Mean ±SD 

P-Value 

Fasting Serum Glucose (mg/dl) 98.87±9.8 116.5±4.61 <0.0001 

2- hour Post Prandial  Serum 

Glucose (mg/dl) 

126.06±15.6 165.26±16.2 <0.0001 

Serum Magnesium level(mg/dl) 2.19±0.24 1.72±0.09 <0.0001 

 

 

Figure 1: Comparison of Anthropometric Parameters of Healthy Control Subjects V/S Pre-diabetic Subjects 

 

Figure 2: Comparison of Biochemical Parameters of Healthy Control Subjects V/S Pre-diabetic Subjects 
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DISCUSSION 

 Diabetes is a group of metabolic disease 

characterized by hyperglycemia and metabolic changes 

which could be the result of insufficiency or defect in 

insulin secretion, insulin action or both (Castell, 2010) 

(Diabetes Care, 2013). The risk factor for pre-diabetes 

and diabetes are stress and depression, (Al-Amer et al., 

2011) (Rotella and Mannucci, 2013) chronic underlying 

disease and inflammation, (Delva, 2003) (Mima, 2013) 

obesity, low physical activity, sedentary lifestyle and 

environmental factors (Neeland et al., 2012) (Van Dam et 

al., 2002). Pre-diabetes is a condition in which the blood 

glucose level is above normal but below the diagnostic 

threshold for diabetes mellitus (Alberti et al., 2006). 

 In the present study, the BMI were more in pre-

diabetic subjects than controls and difference was 

statistically significant (p<0.001). Our findings are in 

concordance with A. Nwafor et al. (2015) which also 

showed that BMI was significantly associated with high 

blood glucose level (Nwafor et al., 2015).  

 In the present study we have observed that the 

level of fasting serum glucose level was elevated in pre-

diabetic subjects as compared to the healthy control 

subjects. It is concordance with the previous study which 

also states that mean value of fasting serum glucose level 

was significantly (P<0.0001) higher in pre-diabetic 

subjects compared to healthy control subjects (Taif et al., 

2011).  

 Mean activity of two hour post prandial serum 

glucose level was significantly higher in pre-diabetic 

subjects than healthy control subjects. Our study are in 

agreement with Mitra et al. (2017) who also found a 

statistically significant increase in two hour post prandial 

serum glucose level in prediabetics. 

 In the present study we have observed that the 

level of serum magnesium was lower in pre-diabetic 

subjects as compared to the healthy control subjects. It is 

in concordance with the previous studies which also 

states that the serum magnesium was lower in pre-

diabetic subjects (He et al., 2006) ("Prediabetes"). 

 Our finding are in agreement with previous 

studies which state that the mean activity of serum 

magnesium was significantly lower in pre-diabetic 

subjects compared to the healthy control subjects 

(p<0.0001) It has been suggested that magnesium 

regulates cellular glucose metabolism directly because it 

serves as an important co-factor for various enzymes and 

acts as a second messenger for insulin (Aikawa, 1981) 

(Paolisso et al., 1992). The kidneys lose their ability to 

maintain magnesium levels during periods of 

uncontrolled hyperglycaemia which may then result in 

lower blood levels of magnesium (Hua et al., 1995).  

CONCLUSION  

 Serum magnesium level was found to be lower 

in pre-diabetic subjects and can be used as a biomarker 

for the early detection of pre-diabetic subjects in the 

general population to prevent the morbidity and mortality 

which are associated with diabetes mellitus. Therefore, in 

pre-diabetic subjects if hypomagnesaemia is detected, 

magnesium supplementation can be a useful for 

improving the metabolic status in these subjects. 
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