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Abstract

Complications associated with diabetes are a consequence of acute disturbance
in glucose metabolism in a human body. The most significant complication of
diabetes is bone disorders which contributes to high levels of bone disability. This
study included 118 diabetic patients, 56 males, 62 females, and 60 healthy non-
diabetic controls, 30 males, 30 females. The patients and controls were age matched.
Circulating levels of bone function markers (osteoprotegerin, vitamin D, PTH, total
calcium and inorganic phosphorus) were determined in all subject groups. The data
obtained from this study showed that the serum levels of osteoprotegerin had
significantly increased in both diabetic male & female in both age ranges which
were 496.3+61.46 pg/mL & 335.7£29.33 pg/mL; 329.8448.78 pg/mL &
219.9+18.72 pg/mL respectively, in comparison with its level in control matched
age ranges 294.6+26.19 pg/mL & 226.8+£28.07 pg/mL; 215.7£31.85 pg/mL &
171.9+14.19 pg/mL respectively. Serum calcium concentration had non-
significantly increased both in the diabetic males and females in both age ranges
which were 11.10+0.46 mg/dL & 11.76+0.74 mg/dL; 10.33+0.33 mg/dL &
10.28+0.48 mg/dL respectively, when compared with its level in control matched
age ranges 10.46+0.34 mg/dL & 10.14+0.35 mg/dL;9.69+0.41 mg/dL & 10.08+0.45
mg/dL. Serum vitamin D, parathyroid hormone (PTH) and inorganic phosphorus
concentrations had significantly decreased both in the diabetic male and female
subjects in both age ranges which were 5.78+1.30 ng/mL and 2.47+0.12 ng/mL;
9.47+1.98 ng/mL, and 10.70+2.11 ng/mL; 74.78+7.42 pg/mL & 67.83+3.69
pg/mL;42.94+2.00 pg/mL & 15.51+1.98 pg/mL; 4.34+0.27 mg/dL & 4.76+0.35
mg/dL; 4.38+0.21 mg/dL; 5.12+0.44 mg/dL respectively when compared with their
level in control matched age ranges 13.07+2.13 ng/mL & 15.53+3.40 ng/mL;
57.49+5.64 pg/mL & 62.61+3.71 pg/mL; 5.12+0.44 mg/dL & 5.35+0.37 mg/dL
respectively. The current results suggest that circulating levels of osteoprotegerin
play a crucial role in biological mechanism of type (l) diabetes, and are possible
biomarkers of insulin resistance and progression of many serious health problems
associated with diabetes.

Keywords: Type (I1) Diabetes Mellitus, Markers of bone function, Osteoprotegerin,
Microvascular Complications, Parathyroid hormone

*Email: hazharbalaky86@yahoo.com
2861


mailto:hazharbalaky86@yahoo.com

Balaky and Kakey Iragi Journal of Science, 2022, Vol. 63, No. 7, pp: 2861-2872

A 5 a (Sl dara (B allinl) iy el oansisl) sl

2 oSS s Joeland * caalaas a2 8
Glall (lindysS ¢ hg Aaals castall LS ol ad!
lalle e o cusS dasls cdaaall g askall LIS 3Ll asle aud’

Ll
pans b ) Jladl G oals Qb dam (g€ (g Labad) clicladl doas
Saall Slisise g i) 8 aalad lly ¢ alanl cilblaal o @Sl (A Slieliae aal o) . olay)
Ladd 60 5 (&) 62 5 46$3 56) @Sulls Gubadll e Liassa 118 e Al ciliis) . calial)
Cun e Bl deganas oiapall Al S5 ¢ (SU) 30 5 5582 30)  ophares degenaS el Ladkes
o S g5l e @Sl ol Caliaal) aal) & Sl g Ul il sl &5 ¢ Al o3 DA . sl
3 ol AR Bl Shls Oser (o siisl ) el dphy dsd Bdnid) Glgied
O Aaball o3 PlA e lgdle Jyemnll &5 ) L) cajglil (gouanll e siusilly asanllle
G Obeadl Gl S e JS B (syiae JSEr )l 38 osteoprotegering Jas iligics
¢ da/ o260 29.33 £ 335.7 5 e/ phesSn 61.46 + 496.3) (yiipaal) (il SIS 8 (o)<l
& ol Ala ¢ il e (do / ahesSy 18.72 £ 219.9 & e / e Sy 48.78 + 329.8)
+ 215.7 ¢ da [ ahes$n 28.07 + 226.8 5 Ja [ ahesSw 26.19 + 294.6) ddaliall de gandl)
pl (B asadll 55 Ayl (Mgl Je (e [ abesSn 14.19 £ 171.9 5 (Je [ ahes<u 31.85
+ 11.10) oipand) 03dl) OIS (8 (Sl Gayer Gmbeaall SYI5 )sSA o S (8 (goin e IS0
+ 10.28 5 sibusd [ 220 0.33 £ 10.33 ¢ jlussd [ 220 0.74 £ 11.76 5 jiliss [ 220 0.46
Ualall degenall 8 Apenll Gl 3 dlsies aulie vie (s o (iluws [ aae 0.48
& jlusy [ ane 0.41 £ 9.69 ¢ jiluws [ ane 0.35 = 10.14 5 s [ ane 0.34 = 10.46)
adnlal) 533l Osaps 3 el e US Jemn (S5ise i) (il [ aae 0.45 + 10.08
IS (F @Sl s paladd) GYls HsSA) o IS (8 DS LaLAS) (gpanll e shudll 5S35
1.98 + 9.47 ¢ Ja [ ahesili 0.12 £ 2.47 5 Ja [ aesili 1.30 + 5.78) (fispeall i)
+ 67.83 & Ua [ phesSu 7.42 + T4.78) ¢ (da [ shesiti (2.11 £ 10.70) 5 (Ja [ phesils
+ 4.34) ¢ (o / ah2sSu 1.98 £ 15.51 & Ja [ ol S 2.00 £ 42.94) ¢ Ja [ 2hesS 3.69
+5.12) ¢ iluen [ ane 0.21 + 4.38) ( sl [ a2e 0.35 + 4.76 & jilusss [ aze 0.27
ehesili 2,13 £ 13.07) adslal de ganall 3 Wlsises Lginjlie 2ie sl e (iluwss [ ane 0.44
[ hesSu 3.71 + 62.61 & Ua [ ahesSu 5.64 + 57.49 ¢ Ja [ 2hesili 3.40 £ 15.53 & e/
Ll bl ais. gl e (Jilews [ a3 0.37 + 5.35 5 sbiws [ a3e 0.44 £ 5.12 ¢ e
g5l o Sall (sl Linslpdl AV 3 Laga o canli aall (& gpadig pgivnglll Cilisioss of )
el Byhadll dmaal) JSLEA (e el okl Clsei) Aaslaal Aldine digm Shdse Ay (1)
oSl s
Introduction
Type (I1) Diabetes mellitus (T2DM) is one of the worldwide health problems that is
featured via defects in the secretion of insulin and/or a reduction in the sensitivity to insulin,
referred to as insulin resistance [1]. WHO considers diabetes as a main health problem
globally. In recent years, the incidence of type Il diabetes mellitus has increased significantly
due to metabolic disorders caused by insulin secretion malfunction [2]. Studies which

estimated bone mineral density (BMD) in diabetic patients and nondiabetic patients did not
find differences in BMD between the 2 groups. However, those studies did find higher
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osteoporosis prevalence in those with diabetes, elevated fragility of bone structure which
increases the risk of fracture in T2DM [3]. Recent cohort studies established that resorption,
replacement and skeletal integrity are affected irreversibly by diabetes, and that the diabetes is
correlated with a higher risk of bone fracture [4]. Bone mineral density values alter among
diabetes patients and can be elevated, declined or even remain normal. Although the
mechanism of altered metabolism of bone in diabetic patients is known to be multifactorial
but the pathogenesis is not entirely clear. Metabolism of bone in diabetic patient is influenced
by various factors, including decreased osteoblast and numbers of osteoclasts due to abnormal
release of insulin and/or action of insulin [5].

Osteoprotegerin (OPG) is a new member of the tumor necrosis factor (TNF) receptor family.
It is a secretion and acts like a cytokine. Generation of OPG takes place in a variety of tissues
such as vascular smooth muscle cells, bone tissues and endothelial cells. In normal condition,
serum level of OPG is lower in blood than in the tissues [6] but elevated circulating
concentrations of osteoprotegerin have been found in T2DM with microvascular
complications [7]. The balance between bone catabolism of and resynthesizing is controlled to
a large extent by the releasing OPG soluble receptor. Recent research has clarified the
crosstalk between ECs and osteoblasts during osteogenesis, hence linking angiogenesis with
osteogenesis. It has been revealed that osteoprotegerin may be involved in the calcification of
vascular which a risk factor of cardiovascular system [8].

Vitamin D plays a key role in bone metabolism and a variety of immunological and cellular
processes. Increased importance of vitamin D assessment is due to the awareness of high
osteoporosis incidence and its correlation with low vitamin D concentrations in adults [9]. In
addition, among many other risk factors, a low concentration of vitamin D is considered as
one of the most critical risk factors for osteoporosis and related fractures [10]. Adequate
supplementation of vitamin D may play a key curative role in blocking the severity and
progression of T2DM [11]. Parathyroid hormone is involved in minerals metabolism and
reflects the action of the parathyroid gland. It has been reported that various fragments of
parathyroid hormone in the body’s circulation causes antagonistic influence on bone and the
renal functions [5]. Parathyroid hormone is involved in regulating calcium circulation levels
by enhancing resorption of bone, repressing urinary calcium loss and promoting the
production of the active metabolite of vitamin D known as calcitriol [12].

It has been described as a risk factor for osteoporosis and cardiovascular disorder attributing
to long term high dietary intake of phosphorus, bone fracture was linked with risk of T2DM
[13]. Metabolic imbalance in phosphate (P) takes place from the early initiation of diabetes
and may contribute in lowering of high energy phosphates and tissue ischemia. These changes
occur in the cells and tissues in which the entry of glucose is not controlled by insulin and
principally in poorly regulated diabetes patients with retinopathy, nephropathy, neuropathy,
and macrovascular disease [14].

Calcium level has a relation with insulin resistance (IR) and they can affect each other based
on metabolic mechanisms and pathophysiological insulin resistance, and insulin release based

on homeostasis of calcium [15], alteration of Ca2*levels may influence insulin release since
initiation of insulin exocytosis from PB-cells is based on calcium influx through voltage-
operated calcium channels. On the contrary, insulin can influence calcium metabolism
through blunting of calcium influx [16]. Circulating calcium and insulin resistance are
extensively recorded to be linked with hypertension. However, their causal relation patterns
influence high blood pressure and to what extent serum calcium is linked with high blood
pressure through insulin resistance, is largely unknown [17]. Epidemiologic researches have
proposed that increased serum calcium level may play a key role in diabetes progression [18].
Further studies have shown direct links of increased circulating calcium levels with markers
of dysregulated sugar metabolism, such as elevated levels of fasting glucose, insulin
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resistance (IR) and B-cells dysfunction, as well as T2DM [19]. In respect to the nutrition,
inadequate calcium supply and a declined vitamin D condition are major risk factors of
osteoporosis. Calcium is the basic mineral that exists in bones where it supplies skeletal
strength and acts as a pool for preserving serum calcium concentrations in a physiological
range. Calcium deficiency enhances bone loss through elevated resorption rate of bone in
order to preserve the circulating calcium level [20].

Materials and Methods

Subjects and Study Design

This study was a case control study conducted during September 2018 -April 2019. The
selected number of diabetic patients was 118. Out of which 56 were males and 62 females
with age ranging between 40-80 years for males and females patients diagnosed as type (1)
DM, and were attending Laila Qasim diabetic center in Erbil Governorate. The patient
individuals were divided into four groups, depending on their ages and genders: males
between 40-59 years and60-80 years, females between 40-59 years and 60-80 years. The
controls group comprised of 60 individuals with their sexes and ages matching normal non
diabetic subjects.

Blood Samples Collection

Venous blood specimens were collected from the study subjects, patients and healthy
individuals, after 10-12 hours of fasting. The specimens were reserved in gold-top serum
separator tubes (SST) and EDTA tubes before their centrifugation at 3500 rpm for 10 mins.
The resulting serum and plasma samples were separated and preserved in Eppendorf tubes.
After collection the serum and plasma samples were stored at -20° C to be ready for
biochemical analyses.

Biochemical Assays

Serum level of osteoprotegerin was estimated by sandwich enzyme-linked immunosorbent
assay (ELISA) technique using the human osteoprotegerin (OPG) ELISA kit manufactured by
Sun Long Biotech, China. Circulating 25-OH vitamin D concentration was evaluated by
solid-phase sequential enzyme immuno-assay (EIA) technique using a kit manufactured by
Monobind, USA. The evaluation of serum parathyroid hormone (PTH) was done by using
sandwich enzyme-linked immunosorbent assay (ELISA) technique using the human
parathyroid hormone (PTH) ELISA kit manufactured by SunLong Biotech, China. The
determination of serum inorganic phosphorous was done using the enzymatic colorimetric
method using BIOLABO kit of France. And finally the assessing of serum calcium was
performed by the colorimetric technique using BIOLABO kit from France.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) version 21 and GraphPad prism version 8
statistical software were used for data analysis. Statistical test results and bar graphs were
expressed as Mean=SE. Unpaired T-test (Man-Whitney U) was used for comparing the study
parameter means between the patient and control groups.

Results and Discussion

Serum Levels of Bone Function Markers

The serum level of bone function markers for both diabetic male and female patients and
controls are presented in Tables 1 and 2.
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Table 1-The levels of bone function markers in diabetic male patients

Parameters L Controls Patients P-Value
(Years)
Osteoprotegerin (pg/mL) 40-59 294.6+26.19 496.3+61.46 0.0392
protegerin (pg 60-80 226.8+28.07 335.7+29.33 0.0078
o 40-59 19.06+1.85 5.78+1.30 <0.0001**
25-OH Vitamin D (ng/mL) 60-80 19.79+2.36 247+0.12 <0.0001**
E—— 40-59 122.4+9.20 74.78+7.42 0.0004%*
Male Y 60-80 93.31+4.61 67.83+3.69 0.0003**
Inorganic Phosphorous 40-59 6.39+0.48 4.34+0.27 0.0035
(mg/dL) 60-80 6.62+0.54 4.76%0.35 0.0337
Total calcium (mg/dL) 40-59 10.46+0.34 11.10+0.46 0.3575
g 60-80 10.14+0.35 11.76+0.74 0.1228
Value expressed in Mean+SE
Table 2- The levels of bone function markers in diabetic female patients
Parameters . Controls Patients P-Value
(Years)
Osteoprotegerin (sg/mL) 40-59 215.7+31.85 329.8+48.78 0.0409
protegerin (pg 60-80 171.9+14.19 219.9+18.72 0.0369
. 40-59 13.07+2.13 9.47+1.98 0.4969
25-OH Vitamin D (ng/mL) 45755 15.53+3.40 10.70+2.11 0.5087
E—_— 40-59 57.49+5.64 42.94+2.00 0.0128
Female Y 60-80 62.61+3.71 15.51+1.98 <0.0001**
Inorganic Phosphorous 40-59 5.12+0.44 4.38+0.21 0.9413
(mg/dL) 60-80 5.35+0.37 3.86+0.33 0.0331
. 40-59 9.69+0.41 10.33+0.33 0.536
Total calcium (mg/dL) 60-80 10.08+0.45 10.28+0.48 0.7359

Value expressed in Mean+SE

Serum Levels of Osteoprotegerin

As indicated in Table 1, the serum osteoprotegerin level significantly increased (P=0.0392) &
(P=0.0078) in diabetic males in both age ranges which were 496.3+61.46 pg/mL &
335.7+29.33 pg/mL respectively, in comparison with its level in control matched age ranges
294.6£26.19 pg/mL & 226.8+28.07 pg/mL respectively. Similarly, there was significant
increase (p=0.0409) & (p=0.0369) in serum osteoprotegerin (OPG) level in diabetic females
in both age ranges 329.8+48.78 pg/mL & 219.9+18.72 pg/mL respectively, in comparison
with its level in control matched age ranges 215.7+31.85 pg/mL & 171.9+14.19 pg/mL
respectively (Table 2).

The results of the present study shows that there was a remarkable elevation in serum OPG
level in both diabetic male and female groups of both age ranges. This result is in consonance
with that of Maser et al. and EI Said et al.[7, 21] who reported increased serum OPG level in
T2DM. Osteoprotegerin is an osteoclastogenesis blocking factor, an essential molecule for the
morphogenesis and remodelling of bone. A number of researches have been done to evaluate
its role with respect to the human skeletal system. Elevated OPG levels have been
demonstrated in a variety of persistence diseases such as swelling and tenderness of one or
more joints in T2DM adults [22]. The osteoprotegerin has been described as representing an
indemnificatory response to bone and vascular damage. Patients with T2DM are at risk of
declined bone mass and its associated complications later in life [23]. Patients with T2DM
also appeared to show declined bone mass at the time of clinical diagnosis [24]. Cohort
research demonstrated that diabetic patients may have a higher risk of fractures. Increased
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levels of OPG have been documented in diabetic subjects and have been independently
correlated with the microvascular complications of diabetes [25].

An inadequate compensatory self-defensive response to block dysfunction in vascular
endothelial and the development of atherosclerosis contribute in the elevated circulating
osteoprotegerin concentrations in subjects with diabetes [26]. It has been recorded that
circulating osteoprotegerin levels significantly correlated with insulin resistance. However,
the mechanisms behind their correlation are currently unknown. It is thought that
inflammation may relate osteoprotegerin to insulin resistance. Unresponsiveness to insulin is
a characteristic feature of T2DM and is considered as a persistent low-grade systemic
inflammation [27]. It has been revealed that circulating osteoprotegerin is directly associated
with markers of inflammation and has played a critical role in the mechanism of inflammation
[28].

Osteoprotegerin/RANK/ RANKL system is believed to be correlated with the immune
responses and controlling inflammation, and is directly involved in the controlling pro-
inflammatory cytokine generation in macrophages [29]. Additionally, activation of NF-kB
pathway and its downstream players attribute to OPG/RANK/RANKL system [30] which are
closely linked to the mechanism of insulin resistance [31]. Thus, osteoprotegerin may play a
key role in the mechanism of insulin resistance through NF-xB pathway. It has been
documented that osteoprotegerin /RANK/RANKL system may have a possible role in the
mechanism of diabetes. Inhibiting this pathway ameliorated insulin resistance in hepatic tissue
and inhibited the progression of diabetes mellitus [32]. Various studies have also been
achieved in T2DM establishing that OPG levels were remarkably higher in the patients
compared to healthy controls [6, 33]. High levels of OPG have documented in T2DM patients
with asymptomatic coronary artery disease. The process of calcification is due to over-
expression of OPG by the vascular cells [34].

Singh et al. [35] reported that there is a high OPG levels in T2DM associated with foot
vascular calcification. They suggest that high OPG may be a response to high 25 hydroxy
vitamin D (25 OH D) levels and high circulating level of lipid generated calcification.
O'Sullivan et al.[36] found that peripheral artery disease is correlated with high circulating
osteoprotegerin, regardless of the coexistence of DM. This result, in addition to its association
with severity of peripheral artery disease, proposes that circulating osteoprotegerin may be a
novel marker for the presence of extremity of peripheral artery disease, potentially by
reflecting the degree of fundamental calcification of vascular. Secchiero et al. [37] recorded
that serum OPG is remarkably elevated in T2DM patients, stimulating expanded examination
of the association between osteoprotegerin generation/levels and glycemic concentrations, and
identifies the initially onset of diabetes mellitus and that it may also be involved in
dysfunction of endothelial cells. Singh et al. [35] proposed that osteoprotegerin plays a major
role in regulating the response of endothelial and vascular smooth muscle cells to the action of
calcification promotors from the stage of endothelial cell dysfunction through to the
progression of medial arterial calcification.

Niu et al. [38] in their study found that circulating osteoprotegerin concentrations were
remarkably correlated with HOMA-IR in population living in China and that the serum OPG
levels were remarkably higher in patients with impeded glucose controlling and diabetes than
in those with normal sugar controlling. Serum levels of osteoprotegerin and RANKL were
correlated with various factors, comprising PTH, 25 hydroxy vitamin D (25 OH D) and
therefore may indicate an integrative parameter for different endocrine signaling disturbances
found in T2DM. 1t is well confirmed that parathyroid hormone and vitamin D elevate
RANKL gene expression, while vitamin D up regulates and parathyroid hormone down
regulates osteoprotegerin expression [39].
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Serum Level of 25-OH Vitamin D

The results represented in the Table 1 show, a highly significant decrease (P<0.0001) of
vitamin D concentration in diabetic males int both age ranges 5.78+1.30 ng/mL and 2.47+0.12
ng/mL respectively, in comparison with its level in control matched age ranges 19.06+1.85
ng/mL and 19.79+2.36 ng/mL respectively. Meanwhile, the results indicated that vitamin D
concentration non-significantly decreased (P=0.4969); (P=0.5087) in diabetic females in both
age ranges which were 9.47+1.98 ng/mL and 10.70+2.11 ng/mL respectively, in comparison
with their levels in control matched age ranges 13.07+£2.13 ng/mL and 15.53+£3.40 ng/mL
respectively (Table 2).

The present findings show that there was a remarkable decline in the concentration of
circulating vitamin D in both diabetic males and females. These results were closely
comparable with Hussain’s et al. study[40] which recorded significantly low circulating
vitamin D concentration in patients with T2DM. The impacts of vitamin D on metabolic
pathway of glucose mainly attribute to the dispersal of its receptors (VDR) on B cells of
pancreas, fatty tissues and skeletal muscles. Human insulin receptor gene stimulator also
influences insulin sensitivity due to the existence of la hydroxylase in B cells and the
existence of vitamin D response element in the insulin receptor gene stimulator. Activating
the transcription of human insulin receptor gene & activating peroxisome proliferator
activator receptor attribute directly to calcitriol. Stimulation of insulin receptor expression and
enhancement of insulin-mediated glucose uptake in vitro is due to vitamin D [41]. Certain
allelic alterations in receptor gene of vitamin D and DBP might influence glucose tolerance
and insulin release; thus, involving in the genetic risk for T2DM [42].

Serum Levels of Parathyroid Hormone (PTH)

Table 1 reveals the mean level of circulating PTH of diabetic patients and controls. The
results showed a remarkable decline in the mean level of circulating PTH in diabetic males in
both age ranges which were 74.78+7.42 pg/mL & 67.83%£3.69 pg/mL; (p=0.0004) &
(p=0.0003) respectively when compared with its level in control matched age ranges
122.4+9.20 pg/mL & 93.31+4.61 pg/mL respectively. Similarly, there was a remarkable
decrease (p=0.0128) & (p<0.0001) in serum parathyroid hormone (PTH) level in diabetic
females in both age ranges, which were 42.94+2.00 pg/mL & 15.51+1.98 pg/mL respectively,
when compared with their level in control matched age ranges 57.49+5.64 pg/mL &
62.61+3.71 pg/mL respectively (Table 2).

The findings of present study showed that there was a remarkable decline in circulating level
of parathyroid hormone (PTH) in both diabetic male and female groups of both age ranges.
This result was consistent with those of Chaudhuri et al. and Rana et al.[43, 44] who recorded
that serum levels of serum parathyroid hormone decreased in diabetic patients. It is possible
that the decreased release of PTH taking place in patients with poorly controlled glycemic
index is linked to low circulating level of magnesium. Inaba et al.[45] revealed that
circulating PTH concentration in male hemodialysis patients with T2DM was remarkably
lower than in patients without diabetes. It was proposed that impair in PTH release from the
parathyroid gland attributes to certain conditions specific to the diabetic state, such as insulin-
like growth-factor-1 and continuous high glucose state. Poor control of blood sugar level
further declined the serum PTH concentration and good control of blood sugar level was
correlated with higher serum PTH level. Correlation between circulating PTH concentrations
and abnormal metabolic pathway of glucose has been supported through blocking of insulin
signaling in fatty tissues by parathyroid hormone. Parathyroid hormone, through binding to a
G-protein coupled receptor stimulates adenylate cyclase enzyme that raises the generation of
CAMP. Increased level of cAMP through activation of protein kinases results in
phosphorylation of insulin receptor substrate 1 on serine 307. Decrease of expression of
insulin receptor substrate 1 and glucose transporter 4 (GLUT4), and decreases in insulin-
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induced glucose transport, explains an association between high circulating concentrations of
PTH, prevalence of diabetes and insulin resistance [46].

Serum Levels of Inorganic Phosphorus

As indicated in the Table 1, the mean circulating inorganic phosphorus concentration was
significantly decreased (p=0.0035) & (p=0.0337) in diabetic males in both age ranges, which
were 4.34+0.27 mg/dL & 4.76£0.35 mg/dL respectively, in comparison with its level in
control matched age ranges 6.39+0.48 mg/dL & 6.62+0.54 mg/dL respectively. Meantime, the
findings in Table 2 show that, the mean circulating inorganic phosphorus concentration had
non-remarkably declined (p=0.9413) in diabetic females in age range of 40-59 years,
(4.38+0.21 mg/dL) when compared with its level in control matched age range (5.12+0.44
mg/dL). Whereas significant decrease (p=0.0331) was observed of serum inorganic
phosphorus level in diabetic females with age range between 60-80 years (3.86£0.33 mg/dL)
in comparison with its level in control matched age range (5.35+0.37 mg/dL) (Table 2). The
results of present study revealed that there was a remarkable decline in serum level of
inorganic phosphorus in both diabetic males and females. These results are comparable with
results of Ugwuja and Eze as well as with that of Raul et al. [47, 48]. They had determined
the circulating phosphate concentration along with other measured parameters in 60 diabetic
patients and compared that with 60 healthy individuals, age and sex matched controls. They
observed that circulating phosphate concentrations are remarkably lower in patients with
T2DM than in controls (p<0.05). In DM, elevated urinary loss attributed to osmotic diuresis
may be the most principle cause of declined phosphate [49].

Imperfection in phosphate handling takes place in the renal tubules due to depolarization of
the electrochemical sodium gradient as a result of entry of excessive sodium-dependent
glucose. Since inorganic phosphate uses the same driving force, but have less ability for
binding to sodium than glucose, in poorly regulated patients the reabsorption of inorganic
phosphate, particularly becomes impeded. The imbalance in paradoxical phosphate may cause
failure of the hemoglobin to release oxygen to the tissues and may impede production of ATP.
The possibility of late complications of diabetes mellitus attribute to elevated intracellular
glucose to the lack of intracellular phosphate complementary that occurs in the insulin-
insensitive cells (insulin resistance) and tissues [14]. Declined concentrations of serum
phosphorus in patients with T2DM in comparison to healthy subjects may indicate a possible
negative effect of hyperglycemia on serum phosphorus., In a study of diabetic patients [50], it
was found that there is a remarkable correlation of low serum phosphate levels with high 2-
hourserum sugar concentrations independent of anthropometric indicator like percent body
fat, age and sex. The mechanism is believed to be due to an increased consumption of energy,
in particular an increased consumption of sugar compound associated with low intake of
protein. Two important factors affecting glucose homeostasis are insulin release and insulin
resistance. One elucidating for the correlation of low level of phosphate with IGT is that the
low level of phosphate may contribute in insulin resistance in subjects with defect in
electrolytes homeostasis as well as in a healthy individual. Phosphate is required for ATP
production and hence appears to be an essential constituent of ATP metabolism [50].

Serum Levels of Total calcium

Table 1 shows the mean serum total calcium concentration of patients and control groups. The
results revealed non-remarkable elevation (p=0.3575) & (p=0.1228) in serum total calcium
concentration in diabetic males in both age ranges which were 11.10+0.46 mg/dL &
11.76+0.74 mg/dL respectively, when compared with its level in control matched age ranges
10.46+0.34 mg/dL&10.14+0.35 mg/dL respectively. Whereas non-remarkable decrease
(p=0.0536); (p=0.7359) in serum total calcium level was recorded in diabetic females in both
age ranges which were 9.69+0.41 mg/dL & 10.08+0.45 mg/dL, in comparison with its level in
control matched age ranges 10.33+0.33 mg/dL and 10.28+0.48 mg/dL respectively (Table 2).
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Current results revealed non-remarkable differences in the concentration of total calcium in
patients with T2DM in comparison to the healthy subjects. Metabolism of calcium includes a
complex inhibitory loop that impacts its transport in bones, kidneys and intestinal tract. An
increase in circulating levels of calcium activates the CaSR, which declines PTH release. This
contributes in decreased resorption and tubular reabsorption of calcium within the bone and
renal, as well as declined synthesis of vitamin D which then reduces calcium absorption.
When calcium levels are restored, the inhibitory loop ends [51]. Disturbed calcium
Metabolism may contribute in abnormality in cell functioning which could then participate to
disturbed glucose metabolism. Even though serum calcium may not principally be of
consideration of this pathophysiology, in vitro studies have recorded increased cytoplasmic
calcium being involved in insulin resistance in skeletal muscle and fatty tissue [52].
Conclusion

Present results provide confirmation of altered mineral component of bone, phosphorus and
calcium, metabolism of vitamin D and elevated rate of resorption and replacement processes
in bones in patients with T2DM. Serum concentrations of osteoprotegerin was correlated with
various factors comprising parathyroid hormone, 1,25-Dihydroxycholecalciferol and therefore
may be described as an integrative indicator for several disturbances of endocrine signaling
that were observed in T2DM. Hence, osteoprotegerin could be a novel marker of the severity
of diabetes. Vitamin D3 deficiency is inversely associated with fasting blood glucose and is
thus associated with type 2 DM.
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