
International Journal of Scientific & Engineering Research, Volume 6, Issue 1, January-2015                                                                                                   767 
ISSN 2229-5518 

IJSER © 2015 
http://www.ijser.org  

Association of Diabetic Neuropathy and Low 
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Abstract— Disturbances in Calcium (Ca2+) and phosphorus metabolism were observed in uncomplicated type 1 Diabetes Mellitus and 
type 2 Diabetes Mellitus patients. Hormones like PTH, calcitonin etc are involved in it. There is a growing body of evidence that sensory 
neuropathy in diabetes is associated with abnormal calcium signaling in dorsal root ganglion neurons. Abnormal calcium signaling in 
diabetes has pathologic significance as elevation of calcium influx and cytosolic calcium release has been implicated in other 
neurodegenerative conditions characterized by neuronal dysfunction and death. Serum Ca2+ levels were assessed and found that 53.1 % 
males and 46.9 % females, whose calcium was analyzed, are having low serum Ca2+ values. Mean serum calcium values of hyper-
insulinemic patients was 8.06 mg%.  Males had lower values in both hyper insulinemic (7.94 mg% for male vs 8.26 mg% for female) as 
well as low insulin groups (8.2 mg% for male vs 8.8 mg% for female).  It is essential that we have to look beyond blood sugar and lipids, 
and that it may be important to assess serum calcium and other relevant micro and macro nutrients levels and to correct any deficiency by 
supplementing the same.  

Index Terms— Calcium, Diabetes Mellitus, Hypocalcemia, Hyper-Insulinemia, Neuropathy. 

——————————      —————————— 

1 INTRODUCTION                                                                     
isturbances in calcium and phosphorus metabolism 
were observed in uncomplicated type 1 diabetes and 
type 2 diabetes patients.[1],[2]  But the physiological 

hormone control involving PTH (Parathyroid hormone) 
and Calcitonin were found to be preserved. There are stud-
ies that the mean values of serum Ca2+ were identical in 
control as well as diabetic patients, whereas the PTH values 
were found to be lower in diabetic patients though not sta-
tistically significant.[3] But Migdalis et al. reported lower 
levels of Ca2+ vs. control and non-neuropathic and lower 
Mg2+ vs. control, despite similar PTH levels.[4]  
Eventhough these results are mutually contradictory, they 
found that ‘Ca2+-Mg2+-ATPase’ pump is an important 
regulator of intracellular calcium concentration. This dia-
betic neuropathy study group had found significantly low-
er levels of ATPase, compared to controls and compared to 
diabetic patients without neuropathy.  They also had lower 
levels of Ca2+ and Mg2+ vs. control and non-neuropathic 
vs. control, despite similar PTH levels.  There is a growing 
body of evidence that sensory neuropathy in diabetes is 
associated with abnormal calcium signaling in dorsal root 
ganglion (DRG) neurons.  Abnormal calcium signaling in 
diabetes has pathologic significance as elevation of calcium 
influx and cytosolic calcium release has been implicated in 
other neurodegenerative conditions characterized by neu-
ronal dysfunction and death.  The calcium “set point” hy-
pothesis suggests that modest changes in cytosolic calcium 
([Ca2+]i) over prolonged periods may be injurious to the 
cell.[5],[6]  It was noted that neuronal resting intracellular 

Ca2+ abnormalities increased progressively with the dura-
tion of diabetes.[2] It was not only the function of neurons 
but, that of other organelles in the body like neutrophils 
that are also abnormal due to improper functioning of Ca2+ 
in T2DM.  In type 2diabetes impaired neutrophil function 
leads to increased bacterial infection and cardiovascular 
disease.  Intriguingly, increased intracellular Ca2+ is asso-
ciated with platelet hyper function in diabetes.[7]   It was 
also found that altered Ca2+ transients of vascular smooth 
muscle cells to vasoconstrictors may contribute to altered 
regulation of blood flow in diabetes.[8]  However, to the 
best of our knowledge surprisingly no study seems to have 
been undertaken to assess calcium levels in diabetics in 
India. 

2  MATERIALS AND METHODS 
160 diabetic patients were selected for the study. Blood 
sample is collected in plain tube without tourniquet appli-
cation. Samples were allowed to clot, centrifuged and the 
serum separated from the samples is assayed for Calcium 
levels using Arsenazo III method in the Beckman AU 480 
analyzer. A calcium value of 8.5 mg/dL is considered as the 
lower cut of normal calcium level. Samples were collected 
from all the participants after getting informed consent.  
The values were compared using chi square test (Medcalc 
12.0) and p<=0.05 is considered significant.  

3 RESULTS 
The study polulation includes 160 diabetic subjects   

(53.1 % male and 46.9 % female). The results of the study 
are given in Table.1 and Figure 1. Mean serum calcium val-
ues of hyper-insulinemic patients was 8.06 mg%.  Males 
had lower values in both hyperinsulinemic (7.94 mg% for 
male vs 8.26 mg% for female) as well as low insulin groups 
(8.2 mg% for male vs 8.8 mg% for female).  Males from both 
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groups had lower calcium levels compared to females.  
There is a statistically significant decrese in calcium levels 
in the total population (p=0.035), but was not significant in 
the male and female groups.    
Table 1. Calcium distribution of the study population (n=160) 
Category Male (n=85) Female(n=75) Total(n=160) 

 
n(%) p n(%) p n(%) p 

Normal Calcium 40(47.1%) 
0.189 
NS 

30(40%) 
0.140 
NS 

70(43.8%) 
0.035 
SIG Below Normal Ca2+ 45(52.9%) 45(60%) 90(56.3%) 

NS: Not significant, SIG: Significant. A calcium value of 8.5 is used as the lower cut of normal Calcium 
levels. 

4 DISCUSSION 
Disturbances in Ca2+ and phosphorus metabolism were 

observed in uncomplicated type 1 diabetes and type 
2diabetes patients.[2] But the physiological hormone con-
trol involving PTH (Parathyroid hormone) and calcitonin 
were found to be preserved. Advani et al., in 2004 reported 
that the mean values of serum Ca2+ were identical in con-
trol as well as diabetic patients, whereas the PTH values 
were found to be lower in diabetic patients though not sta-
tistically significant. But Migdalis et al. had lower levels of 
Ca2+ vs. control and non-neuropathic and lower Mg2+ vs. 
control, despite similar PTH levels.[4] These results are mu-
tually contradictory and we found that our diabetic patients 
had a lower mean serum Ca2+ levels (8.06 mg%).  Mean 
values were lower in males (7.94 mg% vs 8.26 mg% for fe-
male). Lower calcium levels in males were observed among 
non-hyperinsulinemic group as well.  This indicates that 
hypocalcemia is a sequel of insulin resistance, because 
males had more insulin resistance in the study population, 
both by the anthropometric criteria as well as the biochemi-
cal parameters of fasting insulin levels.  It is possible that 
the altered Ca2+ metabolism and its lower serum levels 
may be indicative of a severer degree of insulin resistance 
in diabetics as it was shown that the Calcium and Mg2+ 
abnormalities were related to the degree of insulin re-
sistance.   

 
There is a growing body of evidence that sensory neu-

ropathy in diabetes is associated with abnormal calcium 
signaling in dorsal root ganglion (DRG) neurons.  Abnor-
mal calcium signaling in diabetes has pathologic signifi-
cance as elevation of calcium influx and cytosolic calcium 
release has been implicated in other neurodegenerative 
conditions characterized by neuronal dysfunction and 
death. Impaired regulation of calcium channels by G pro-
teins is an important mechanism contributing to an en-
hanced calcium influx in diabetes. Various pathological 
lesions observed in animal and human models of diabetes 
includes segmental demyelination; atrophy; loss of myelin-
ated and unmyelinated fibers; Wallerian degeneration; 
segmental and paranodal demyelination; and blunted 
nerve fiber regeneration.    [9],[10] Elevation of calcium cur-
rents observed in peripheral and spinal sensory neurons in 
rodent models of diabetes results in increased cytosolic cal-
cium release from internal stores and impaired calcium re-
sequestration.[11],[12]     The latter causing prolonged cyto-

solic calcium elevation has been implicated in the patho-
genesis of neuronal injury in a variety of neuro-
degenerative disorders.  The calcium “set point” hypothe-
sis[13] suggests that modest changes in cytosolic calcium 
([Ca2+]i) over prolonged periods may be injurious to the 
cell.  It was noted that neuronal resting intracellular Ca2+ 
abnormalities increased progressively with the duration of 
diabetes.[2] This is also in accordance with our results cor-
relating the duration of diabetes with the degree of hy-
pocalcaemia. Diabetic neurons release more Ca2+ from cy-
tosolic pools and demonstrate impaired ability to rese-
quester Ca2+, compared to non-diabetic controls.   

 
Figure 1. Distribution of Calcium Levels 

 
Normal Clacium levels are above or equal to 8.5 mg/dL 
and Below normal  calcium levels are below 8.5 mg/dL 

 
It was not only the function of neurons but, that of other 

organelles in the body like neutrophils that are also abnor-
mal due to improper functioning of Ca2+ in T2DM.  In type 
2diabetes impaired neutrophil function leads to increased 
bacterial infection and cardiovascular disease.  Many neu-
trophil functions depend on Ca2+ signaling, which involves 
release of Ca2+ from intracellular stores and subsequently 
translocation of stores via the cytoskeleton to the plasma 
membrane, causing store mediated Ca2+ entry (SMCE) into 
the cell.  Abnormal Ca2+ signaling is likely to be important 
in the pathogenesis of diabetic complications.  

 
The cause of hypocalcaemia detected in the present 

study, need further evaluation. It could either be due to 
intracellular deficiency of Mg2+ or probably due to the ab-
normal functioning of one of the least attended counter-
regulatory hormones called PTH (parathormone) second-
ary to insulin resistance. This aspect needs more focused 
research to look at the cause for hypocalcaemia in type 2 
diabetics. It was reported that unlike in the case of Mg2+, 
Ca2+ and PO4 does not show increased renal wasting in 
Diabetes.       

 
Dietary deficiency alone is unlikely reason for low Ca2+ 

levels, which will usually be compensated through mobili-
zation from bone. The deficiency or abnormal functioning 
of Calcium and related minerals can lead to various neuro-
logical and musculoskeletal symptoms which can affect the 
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normal life of the patients and can be easily and effectively 
treated with ordinary calcium supplements in combination 
with Vit.D3 (and magnesium) available in the market.   

 
Now it is evident that in the management of diabetes, we 

have to look beyond blood sugar and lipid levels alone. It 
may be important to assess serum calcium and other rele-
vant micro and macro nutrient levels and to correct any 
deficiency by supplementation. Serum Ca2+ levels will give 
us an indirect estimate of intracellular Mg2+ also. Infor-
mation on all these aspects is necessary to completely un-
derstand and manage diabetes. 

5 SUMMARY AND CONCLUSION 
Calcium metabolism, one of the least attended areas in 

the management of diabetes, was abnormal in this study 
population. The lower mean serum calcium levels among 
the diabetics, predominantly among male diabetics and 
especially in the poorly controlled group, shows that we 
should spread out our attention to the areas of mineral me-
tabolism also, apart from concentrating merely on blood 
sugar and lipids in the management of diabetic pateients.  It 
is possible that the altered calcium metabolism and its low-
er serum levels in diabetics may be indicative of a more 
severe degree of insulin resistance. This is one clinical prob-
lem that if detected sufficiently early, can be corrected easi-
ly with medication.   

 
Having known that calcium metabolism is closely relat-

ed to the survival and functioning of nervous tissue, espe-
cially ganglions in the dorsal horns, it is obvious that its 
deficiency may have a bearing on the severity of the mani-
festations of neuropathic signs and symptoms. So, it is sug-
gested that all diabetics should be investigated for their 
mineral status like calcium and magnesium levels.  Nearly 
half of the patients in this study had sub-normal levels of 
calcium. Supplementing this deficiency may delay the 
apoptosis of the neurons and thus primarily and or second-
arily prevent neuro-degeneration in diabetes. 
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