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ABSTRACT 

Introduction 

Diabetes mellitus (DM) is a worldwide metabolic disease characterized by chronic hyperglycemia, which results 

from insufficient insulin secretion and/or insulin resistance in 

target tissues or both . Chronic hyperglycemia leads to macrovascular and microvascular complications in 

various organs such as heart , brain , kidney , eyes etc. It not only disturbs the normal functioning of vital organs 

but also impairs calcium metabolism by disrupting the functions of calcium regulating organs namely intestine , 

bone and kidney.  

 

Calcium is an important element for several biological processes, such as cell division and growth, blood 

coagulation, cardiovascular homeostasis, hormone responses, neural electrical activity, and bone formation. The 

present article thus focuses on the underlying mechanisms 

of the negative effects of DM on calcium homeostasis as well as their long-term consequences. 

 

AIMS AND OBJECTIVES  

a) To measure the level of Serum Calcium   in patient with Type-2 Diabetes mellitus 

b) To measure the level of Serum Calcium  in controls. 

c) To compare the levels of serum calcium in both groups. 
 

MATERIALS AND METHODOLOGY 

This is a case control study .The study  was conducted for a duration  2 year .The study was  carried out 

on  70 cases of  clinically diagnosed type 2 diabetes mellitus in the age group 35-55 years in KIMS 

Koppal. Seventy  age and sex matched healthy subjects were taken  as controls . Informed  consent was 

taken from  all the  subjects. Ethical clearance was obtained  from Institute’s  ethical clearance committee. 

Diabetes Mellitus  was diagnosed  as per the WHO diagnostic criteria14. 

STATISTICAL TEST 

Data is expressed in terms of mean ± SD. Chi- square test was applied to estimate the difference between the 

two groups of population. Unpaired ‘t’-test was used to study the changes in serum calcium levels between the 

study groups. p value <0.05 was considered statistically significant. 

 Results : Our study showed a significantly decreased levels of serum calcium in cases compared to controls. 

(p<0.05) 
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 Conclusion: It is clear that DM, hyperglycemia and associated complications (microvascular damage) interfere 

with normal functions of the three calcium-regulating organs, namely the intestine, bone, and kidney. Hence 

maintaining the serum calcium levels within normal range and also supplementing with calcium supplements 

may prevent long term bone effects in DM. 

Keywords : Calcium, Diabetes Mellitus, Fasting blood sugar , post prandial blood sugar, hyperglycemia 

Introduction 

   The incidence OF type 2 diabetes mellitus (type 2 DM) is increasing at an alarming rate both nationally 

and worldwide, with more than 1 million new cases per year diagnosed in the United States alone1,2. Diabetes is 

the fifth leading cause of death in the United States, and it is also a major cause of significant morbidity. Although 

our current methods of treating type 2 DM and its complications have improved, prevention of the disease is 

preferable. Indeed, epidemiological data suggest that nine of 10 cases of type 2 DM could be attributed to habits 

and forms of modifiable behavior3,4 .  

 Potentially modifiable environmental risk factors for type 2 DM have been identified, the major one 

being obesity. Although weight loss (achieved by any means) has been shown to be successful in delaying type 2 

DM, it is difficult to achieve and maintain long term. Therefore, identification of environmental and easily 

modified risk factors is urgently needed to prevent development of type 2 DM in the 41 million Americans who 

are at risk of the disease5.  

Calcium is an element that plays an important role not only in skeletal mineralization but also in a wide 

range of biological functions6 . In recent decades, insulin resistance and secretion have been shown to depend on 

calcium homeostasis. The secretion of insulin in response to an elevated concentration of plasma glucose is a 

Ca2+-dependent process. Alterations in insulin secretion have also been involved with disorders in blood glucose 

homeostasis7, and increasing cytosolic calcium has been associated with an increase in the expression of GLUT4 

transporters in the myocyte, which, in turn, increases the insulin-stimulated glucose transport activity in these 

cells8 . Because both defects in insulin secretion and insulin action are related to type 2 diabetes9,10 , it is expected 

that abnormal calcium homeostasis could play an important role in the development of type 2 diabetes. 

We conducted this study in our area to see for the changes in serum calcium levels in patients with type 

2 diabetes mellitus in our locality . 

Findings from epidemiological studies are inconsistent. Some observational studies have indicated that increased 

serum Ca concentration may be directly associated with the risk of developing T2DM11-13 , whereas others 

reported the null correlation between circulating Ca and prevalent T2DM14 . 

Also, it has been observed that elevated serum Ca levels were related to insulin resistance15, reduced insulin 

sensitivity and impaired glucose tolerance15 , but not a decrease in insulin secretion16 . These contradictory results 

may be partially attributable to diverse Ca assessments, for example, total serum Ca and albumin-adjusted serum 

Ca, which are different biomarkers of Ca status17. Because approximate 40 % of Ca in the serum is bound to 

albumin18 , it is vital to know the serum albumin level when evaluating the total serum Ca.  

Moreover, circulating Ca homeostasis is exquisitely regulated by multiple negative feedback loops which 

involve several integrated hormonal responses and target organs18 . Thus, each of these components may mediate 

the possible Ca-related risk of diabetes. Interestingly, two double-blind, placebo-controlled, randomised clinical 

trials reported non-significant effects of Ca supplementation on insulin resistance in obese adults , as well as 

insulin secretion, insulin sensitivity and glycaemia in adults at risk of T2DM(26) . Of note, these studies have 

relatively short follow-up periods, insufficient numbers of participants and heterogeneous characteristics between 

populations19,20. 

Objectives  

The objectives of this study are  : 

a) To measure the level of Serum Calcium   in patient with Type-2 Diabetes mellitus 

b) To measure the level of Serum Calcium  in controls. 

c) To compare the levels of serum calcium in both groups. 
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Materials and methods:  

This is a case control study .The study duration is 2 years. The study was  carried out on  70 cases of  

clinically diagnosed type 2 diabetes mellitus in the age group 40-60 years , attending out patient 

department (OPD) of department of  medicine , Koppal Institute of Medical Sciences (KIMS) ,Koppal. 

Seventy   age and sex matched healthy subjects were taken  as controls . Ethical clearance was obtained  

from Institute’s  ethical clearance committee. Informed consent was taken from both cases and controls 

after explaining the procedure. Diabetes Mellitus  was diagnosed  as per the WHO diagnostic criteria21. 

Ethical clearance was obtained  from Institute’s  ethical clearance committee. Informed consent was taken from 

both cases and controls after explaining the procedure. 

Exclusion criteria: 

 Diabetes Mellitus with complications- diabetic nephropathy 

 Chronic kidney diseases, Malabsorptive disorders 

 Patients with osteoporosis, bone diseases, 

 Thyroid and parathyroid disorders 

 Patients on steroids therapy 

 Pregnant and lactating women 

Biochemical analysis: A sample of 3 ml venous blood is collected in both fasting and post prandial state under 

aseptic precautions . It is allowed to clot and serum was separated by centrifugation. 

The following parameters are studied. 

1  FBS and PPBS –Glucose oxidase peroxidase method22,23 .(kits supplied by Erba Diagnostics) . The 

parameters were read using semi auto analyser (STAT FAX 3300). 

2 HbA1c was estimated by Nycocard reader II24. 

3  Serum Calcium-Arsenazo 3 method, end point assay 

 

Statistical analysis :Data was expressed in terms of mean ± SD. Chi- square test was applied to estimate the 

difference between the two groups of population. Unpaired ‘t’-test was used to study the changes in serum 

magnesium and zinc in between cases and controls. Pearson correlation was performed to establish the relationship 

between study variables. p value <0.05 was considered statistically significant. 

RESULTS : 

This was a comparative case control study conducted on 70 cases of type 2 DM (n=70) and  70  age and 

sex matched healthy controls(n=70). Serum calcium  was estimated, analyzed and correlated with 

HbA1c, FBS and PPBS. The results were expressed as mean ± standard deviation. 

   The mean age (in years) of cases was 45.5±10.7 years and that of controls was     48 ±10.4 years and 

was not significant.  Table 1  shows  comparision of  serum calcium , FBS, PPBS and HbA1c   levels in 

both groups and was statistically significant(p<0.05). The mean serum  levels  (mg/dL) in cases was 

8.1±0.3, and in controls was 8.9±0.7  and was highly significant (p <0.0001). 

Table 2 shows the mean age of cases and controls . 

Figure 1 shows the correlation between glycosylated hemoglobin and serum calcium levels 

DISCUSSION: 

We conducted a case control study on total 140 subjects.We observed a relative decrease in serum 

calcium levels in cases as compared t controls. Several lines of evidence have suggested that DM in both humans 

and rodents profoundly affects renal calcium handling, such as decreasing 1,25(OH)2D3 synthesis, as a 

consequence of prolonged hyperglycemia and dysregulation of calciotropic hormone metabolism25-28.   
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Tubular calcium reabsorption in STZ-induced diabetic rats was markedly reduced, which could be 

reversed by insulin administration29. A decrease in insulin production and release in T1DM or insulin resistance 

in T2DM is believed to contribute to a reduction in renal calcium (and magnesium) reabsorption. A study in 

isolated perfused mouse thick ascending limb showed that insulin significantly increased the transepithelial 

potential difference—a driving force for passive calcium reabsorption—as well as the transepithelial calcium and 

magnesium transport30. Therefore, this driving force for calcium reabsorption is probably reduced under diabetic 

condition, thereby culminating in increased calcium excretion. On the other hand, amino acids that can induce 

insulin secretion are able to induce tubular calcium reabsorption31. Nevertheless, in parathyroidectomized female 

rats subjected to intravenous arginine infusion, the arginine-induced insulin secretion was associated with urinary 

calcium excretion32. 

 This discrepancy can be explained by an increase in glomerular filtration rate secondary to amino acid 

loading, which leads to renal calcium excretion. Indeed, the stimuli or pattern of insulin secretion may also 

determine the final outcome of renal calcium handling. 

In addition, renal calcium loss in DM can result from dysregulation of the calciotropic hormones, such 

as PTH and 1,25(OH)2D3. It has been reported that the PTH-induced stimulation of 1,25(OH)2D3 production 

was impaired in diabetic condition, whereas insulin treatment successfully rescued 1,25(OH)2D3 production. 

Another evidence comes from the study of hyperinsulinemic ZDF rats (a T2DM model), in which a reduction in 

the renal expression of megalin and disabled (Dab)-2 proteins can cause an impaired receptor-mediated 

endocytosis of vitamin D-binding protein-bound 25(OH)D3, leading to urinary loss of 25(OH)D3 and a decrease 

in circulating 25(OH)D3 level33. It is of interest that the bone-derived phosphaturic hormone FGF-23 probably 

contributes to changes in renal calcium handling during diabetic condition. FGF-23 has recently been 

demonstrated to be a negative regulator of intestinal calcium absorption34,35. 

CONCLUSION: 

Conclusion: It is clear that DM, hyperglycemia and associated complications(microvascular damage) interfere 

with normal functions of the three calcium-regulating organs, namely the intestine, bone, and kidney. 

DM as well as elevated glucose concentration diminish calcium absorption, presumably by down regulating 

nuclear vitamin D receptor expression and inducing oxidative stress. 

Hence maintaining the serum calcium levels within normal range and also supplementing with calcium 

supplements may prevent long term bone effects in DM. 

Future study:Further studies on these parameters on large scale is required to establish diagnosic and prognostic 

role of these parameters in Diabetes mellitus. 

Limitations of the study  :Small number of the sample  
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TABLES AND FIGURES 

Table 1  shows  comparision of  serum calcium , FBS, PPBS and HbA1c   levels in both groups 

Characteristics  

 

Groups  

 

Mean ±SD  

 

T P 

FBS (mg/dL) Cases  204.5±54.4  

 

11.1 0.001* 

Controls   90.1±12.3  

 PPBS(mg/dL) Cases   310.3±62.6  

 

17.2 0.001* 

Controls  110.9±8.6  

 HbA1c(%) Cases  7.9±0.6  

 

15.8  

 

0.001* 

Controls  5.4±0.5  

 Serum calcium 

(mg/dl) 

 

Cases  7.1±0.2  

 

 

18.5 0.001 

Controls               9.2±0.5  

 

 

Table 2 shows the mean age of cases and controls . 

 cases controls 

Mean age in years 45yrs 46yrs 

 

 

 

Figure 1 shows the correlation between glycosylated hemoglobin and serum calcium levels 
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