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ABSTRACT 
Objective: The study was conducted to evaluate the relation between insulin-like growth factor-1 and osteocalcin and 
markers of bone modulation (osteoprotegerin; OPG, receptor activator nuclear kappa B; RANK and RANK ligand; 
RANKL) in postmenopausal Type 2 diabetic women with and without osteoporosis. Methods: The study was con- 
ducted on 90 female divided into three groups (30 each). Group I included healthy postmenopausal women as a control, 
Group II included diabetic postmenopausal women without osteoporosis Group III included diabetic postmenopausal 
women with osteoporosis. Fasting blood samples were obtained for the determination of blood glucose, HbA1c, total 
and ionized calcium, OPG, RANK and RANKL. Also the levels of IGF-1 and osteocalcin were assessed. Results: In 
postmenopausal Type 2 diabetic women, the osteoporosis resulted in derangement in OPG/sRANKL system. The serum 
level of OPG was elevated while sRANKL declines in osteoporotic postmenopausal Type 2 diabetic women. IGF-1 
level decreased in diabetic postmenopausal women but those women with osteoporosis showed a great decline by about 
60%. IGF-1 level in osteoporotic diabetic postmenopausal women was correlated with BMD and most bone turnover 
markers (OPG, sRANKL, OPG/sRANKL). Osteocalcin declined significantly only in those women with osteoporosis 
not without osteoporosis. Conclusions: The circulating levels of OPG and sRANKL were not useful markers for bone 
status in postmenopausal women while the circulating levels of IGF-1 and osteocalcin might give useful information 
about bone status in postmenopausal diabetic women. 
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1. Introduction 
Osteoporosis, a global age-related health problem in both 
male and female elderly, insidiously deteriorates the mi- 
crostructure of bone, particulaly at trabecular sites, such 
as vertebrate, ribs and hips, culminating in fragility frac- 
tures, pain and disability [1]. 

The process of bone modeling and remodeling is vi- 
tal for bone health. The bone remodeling unit is com- 
posed of osteoblasts, which form bone, and osteoclasts, 
which break down bone [2]. The osteoblast and osteo- 
clast differentiation and activation depend on a family of 
biologically related TNF/TNF-like proteins: osteopro- 
tegerin (OPG), receptor activator of nuclear factor (NF) 
κB (RANK), and RANK ligand (RANKL). RANKL ac- 
celerates osteoclastogenesis when it binds to its receptor 
RANK on osteoclast precursor cells to enhance nuclear  

factor-kappa B (NF-κB) and other signaling pathways 
which promote osteoclast formation, activation, and sur- 
vival [3]. 

OPG, which is produced by osteoblasts, is a natural 
decoy receptor for RANKL by sequestering RANKL and 
neutralizing its effects. The OPG/RANKL/RANK system 
plays a significant role in postmenopausal osteoporosis. 
Postmenopausal women express higher levels of RAN- 
KL on marrow stromal cells or lymphocytes than preme- 
nopausal women or postmenopausal women taking es- 
trogen [3,4]. 

Insulin-like growth factor-1 (IGF-1) produced mainly 
by liver and locally by osteoblast, is one of the most ab-
undant growth factors presents in bone that stimulates 
osteoblast activity, subsequently leading to bone matrix 
formation and inhibition of bone collagen degradation 
[5,6]. Also, osteocalcin, the second most abundant pro- 
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tein in bone after collagen, is secreted by osteoblast and 
thought to participate in mineralization and calcium ion 
homeostasis [7]. Also experimental studies revealed new 
metabolic function as hormone, being involved in blood 
glucose regulation, insulin secretion and in adipose tissue 
structure [8]. 

Osteoporosis and Type 2 diabetes mellitus (DM) are 
usually viewed as separate disease that associated with 
aging. However accumulating evidences indicate that 
these diseases are interrelated [9,10]. Some studies were 
suggested a possible increased risk of osteoporosis in 
patients with either Type 1 or Type 2 DM, but this asso- 
ciation remains controversial and conflicting, especially 
in Type 2 [11-13]. Although bone mineral density (BMD) 
is considered as a gold standard for evaluating fracture 
risk in non-DM osteoporosis, it is not useful for assessing 
fracture risks in Type 2 DM [9]. Therefore, a diagnostic 
marker other than BMD needs to be explored. IGF-1 and 
osteocalcin seem to be two of candidate’s markers that 
may replace the insensitivity of BMD in assessing the 
osteoporosis in Type 2 DM patients. So this study was 
conducted to evaluate osteoporosis in postmenopausal 
women with Type 2 DM and to explore IGF-1 and osteo- 
calcin as a markers for assessing bone remodeling in 
those subjects. 

2. Subjects and Methods 
2.1. Subjects 
After the acceptance of the ethical community of the Me- 
dical Research Institute-Alexandria University, the study 
was conducted on 90 female divided into three groups 
(30 each). The first include apparently healthy postme- 
nopausal women as a control (Group I), the second in- 
clude diabetic postmenopausal women without osteo- 
porosis (Group II) and the third include diabetic postme- 
nopausal women with osteoporosis (Group III). An in- 
formed consent was obtained from all the participants in 
the study. 

Exclusion criteria were malignant diseases, hyperthy- 
roidism, hyperparathyroidism, osteomalacia, renal and 
hepatic diseases, chronic treatment with antiacids, estro- 
gen, adrenal or anabolic steroids, anticonvulsants, anti- 
coagulants, or pharmacologic doses of vitamin A and D 
supplements 6 months prior to the study. Also, history of 
unstable cardiovascular diseases or uncontrolled hyper- 
tension was excluded. 

Venous blood samples were collected after overnight 
fasting, serum samples were rapidly separated by cen- 
trifugation at 3500 rpm for 10 min and stored at −20˚C. 

2.2. Methods 
2.2.1. BMD Measurements 
Dual X-ray absorptiometric (DXA) measurements of 

areal BMD (g/cm2) at the lumbar spine L1-L4) and the 
femoral neck were carried out using a Lunar DPX Pro- 
digy densitometer (Lunar, Madison, WI, USA). Daily 
standardized measurement of a Lunar phantom and Holo- 
gic Anatomic spine phantom served as a quality control 
for the bone densitometer. 

2.2.2. Biochemical Assays  
Fasting glucose was determined by the glucose oxidase 
method [14] and Glycated haemoglobin (HbA1c) was 
determined using a turbidimetric inhibition immunoassay 
for haemolysed whole blood [15]. Serum phosphorus, 
total and ionized calcium were assessed [16]. IGF-I was 
assayed using ELISA kit (R & D Systems, Inc, USA), 
Osteocalcin ELISA kit was purchased from (Diagnositc 
Systems Laboratories, USA). Osteoprotegerin and solu- 
ble RANKL were detected by ELISA kits (RayBiotech 
Inc, USA). 

2.2.3. Statistical Analysis  
The results obtained from this work, was statistically 
analyzed by statistical package calculated parameters for 
the Social Sciences (SPSS) program version 15.0. All 
data are presented as Mean ± SEM. A one way analysis 
of variance (ANOVA) was performed on each variable. 
The correlations between variables were carried out by 
Pearson coefficient. The critical value for significance 
was p < 0.05. 

3. Results 
The demographic and clinical data of the studied groups 
are summarized in Table 1. The diabetic osteoporotic 
postmenopausal women (Group III) appear to be of 
higher age, weight and BMI compared to those non-os- 
teoporotic diabetic postmenopausal (Group II) and con- 
trol women (Group I). The fasting blood glucose levels 
in diabetic women is significantly elevated by about 91% 
in group II and about 161% in group III compared to 
control value. Also elevated levels of glycosylated he- 
moglobin were significantly elevated in diabetic groups 
especially in group III compared to control which indi- 
cated that the control of blood levels in those patients 
over the last two months is not correctly controlled. The 
result showed that the total calcium levels were slightly 
decreased in diabetic group by about 6 and 10% in group 
II and III; respectively compared to control subjects. The 
ionized calcium and phosphorus showed no significant 
change in both diabetic groups (Table 1). 

The osteoprotegerin level in diabetic postmenopausal 
women with osteoporosis is highly elevated by about 
96% and by about 20% in those without osteoporosis 
compared to control group (Figure 1). However, no sig- 
nificant changes were observed in sRANKL levels, while 
group III showed a slight non-significant decrease by  
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Table 1. Demographic and clinical data of the control subjects and diabetic postmenopausal women with and without osteo- 
porosis. 

 Control Group I 
(n = 30) 

Diabetic groups 

Without osteoporosis Group II (n = 30) With osteoporosis Group III (n = 30) 

Age (years) 49.13 ± 5.96 50.73 ± 4.86 62.66 ± 5.39*,# 

Height (cm) 165.30 ± 4.43 164.03 ± 3.85 162.33 ± 3.17 

Weight (kg) 66.16 ± 3.57 68.43 ± 3.05* 71.36 ± 3.46*,# 

BMI (Kg/m2) 24.64 ± 1.61 25.07 ± 1.29 26.65 ± 1.64 

FBG (mg/dl) 86.37 ± 8.56 165.29 ± 24.19* 225.6 ± 25.14*,# 

Hemoglobin A1c 5.78 ± 1.13 8.47 ± 0.5* 9.64 ± 0.71*,# 

Ca (mg/dl) 9.32 ± 0.71 8.72 ± 0.46* 8.34 ± 0.3*,# 

Ionized Ca (mmol/L) 1.19 ± 0.095 1.22 ± 0.09 1.17 ± 0.11 

Phosphorus (mg/dl) 2.1 ± 0.65 2.11 ± 0.60 2.09 ± 0.65 

BMD (L1-L4) (g/cm2) 1.13 ± 0.11 1.01 ± 0.09 0.78 ± 0.07*,# 

BMD femoral neck (g/cm2) 0.89 ± 0.08 0.84 ± 0.09 0.68 ± 0.08*,# 

Data presented as Mean ± SEM *Significantly different from group I by ANOVA P < 0.05 #Significantly different from group II by ANOVA P < 0.05. 
 

 
Figure 1. The levels of sRANKL and OPG (pg/ml) and 
sRANKL/OPG ratio in the control subjects and diabetic 
postmenopausal women with and without osteoporosis. 
Data presented as Mean ± SEM, *Significantly different 
from group I by ANOVA, #Significantly different from 
group II by ANOVA P < 0.05. 
 
about 7% compared to control group. The ratio of 
sRANKL/OPG among diabetic osteoporotic postmeno- 
pausal women showed significant decrease by about 50%, 
while no significant change was observed in group II 
compared to control group (Figure 1).  

The result showed that, the diabetic postmenopausal 
women with osteoporosis has a significantly decreased 
IGF-1 levels by about 61%, while diabetic women with- 
out osteoporosis has a significant decrease by about 30% 
compared to control values (Figure 2). Group III who 
suffer from osteoporosis showed a significant decrease in 
osteocalcin level by about 27% and those who are not 
osteoporotic show no significant change compare to con- 
trol group (Figure 2). 

 
Figure 2. The levels of IGF-1 and osteocalcin in the control 
subjects and diabetic postmenopausal women with and 
without osteoporosis. Data presented as Mean ± SEM. *Sig- 
nificantly different from group I by ANOVA, #Significantly 
different from group II by ANOVA P < 0.05. 

 
The correlation studies indicated that in group III the 

level of IGF-1 is significantly negatively correlated with 
OPG (r = −0.887, p < 0.0001, Figure 3), and fasting glu- 
cose (r = −0.584, p = 0.001, Figure 4) and positively 
correlated with sRANKL (r = 0.893, p < 0.001, Figure 5), 
sRANKL/OPG ratio (r = 0.859, p < 0.001, Figure 6), 
lumber BMD (r = 0.828, p = 0.0001, Figure 7) and fe-
moral BMD (r = 0.0807, p = 0.0001, Figure 8). Also, in 
the same group the level of osteocalcin show a signifi- 
cant positive correlation with OPG (r = 0.524, p = 0.003, 
Figure 9) and negative correlation with sRANKL (r = 
−0.452, p = 0.012, Figure 10). 

4. Discussion 
Postmenopause is a strong risk factor for the develop-  
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Figure 3. The correlation between serum IGF-1 and OPG in 
diabetic osteoporotic postmenopausal women. 
 

 
Figure 4. The correlation between serum IGF-1 and FBG in 
diabetic osteoporotic postmenopausal women. 
 

 
Figure 5. The correlation between serum IGF-1 and sRAN- 
KL in diabetic osteoporotic postmenopausal women. 
 

 
Figure 6. The correlation between serum IGF-1 and sRAN- 
KL/OPG in diabetic osteoporotic postmenopausal women. 
 
ment of osteoporosis [17]. The osteoporosis in post- me-
nopausal diabetic women is complex process and a mat-
ter of debates, so this study was conducted to eva-  

 
Figure 7. The correlation between serum IGF-1 levels and 
lumber BMD in diabetic osteoporotic postmenopausal wo- 
men. 
 

 
Figure 8. The correlation between serum IGF-1 and femo- 
ral neck BMD in diabetic osteoporotic postmenopausal wo- 
men. 
 

 
Figure 9. The correlation between serum OPG levels and 
osteocalcin in diabetic osteoporotic postmenopausal women. 
 

 
Figure 10. The correlation between serum sRANKL levels 
and osteocalcin in diabetic osteoporotic postmenopausal 
women. 
 
luate osteoporosis in postmenopausal women with Type 
2 DM and to explore IGF-1and osteocalcin as a markers 
for assessing bone remodeling in those subjects.  
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Our results indicated that IGF-1 is decreased by about 
quarter in postmenopausal diabetic women without os- 
teoporosis, while those diabetic women with osteoporosis 
show about 60% decrease in IGF-1 compared to control 
subjects. Also, IGF-1 is significantly negatively corre- 
lated with fasting blood glucose level in postmenopausal 
women with osteoporosis. In line with our results, Zhao 
et al. 2008 [18] and other studies demonstrated that se- 
rum IGF-1 levels were significantly and negatively asso- 
ciated with age and its level is lower in postmenopausal 
women than in premenopausal women. Low levels of 
IGF-1 may increase the risk of fractures as indicated that 
low level of IGF-1 predicted osteoporotic fractures inde- 
pendently of the BMD [19,20]. It was also found that 
IGF-1 level decreased after menopause or with estrogen 
deficiency [21,22]. All age-related decrease of IGF-1 
may correlate with age-related bone loss or osteoporosis. 

The role of IGF-1 as an important regulator of bone 
formation is well established, however, its effects on 
bone resorption is limited and conflicting [23,24]. Also, 
its impact on the balance of the two peptides produced by 
osteoblasts, OPG and RANKL, is under investigation. 
Thus we aimed from this study to analyze the relation- 
ship of serum concentration of IGF-1 with OPG, RAN- 
KL and sRANKL/OPG ratio. The result indicated that 
while serum OPG levels are elevated in diabetic women 
especially those with osteoporosis the levels of sRANKL 
tend to decrease insignificantly in the same group. The 
sRANKL/OPG ratio which represents sRANKL bioac- 
tivity index show a significant decrease in diabetic post- 
menopausal women, the decrease is more prominent in 
those women with osteoporosis. 

In line with our result many studies reported an in- 
creased level of OPG in postmenopausal osteoporosis 
[25-27]. Another studies proved that OPG is increased in 
diabetic women than non-diabetic subjects and its level is 
correlated with fructosamine concentration [28]. Ele- 
vated levels of plasma OPG were reported in newly diag- 
nosed Type 2 diabetic patients and these levels were as- 
sociated with endothelium-dependent arterial dilation 
[29]. Another recent population based study found sig- 
nificantly higher levels of serum OPG in postmenopausal 
Type 2 women than healthy postmenopausal women 
[30]. 

The study of Abrahamsen et al. 2005, indicate a de- 
creased sRANKL and increased OPG levels and de- 
creased sRANKL/OPG ratio with menopause [25]. This 
suggests that change in the circulating amounts of 
sRANKL with menopause and age may constitute a com- 
pensatory mechanism in response to increased bone re- 
sorption. The results of increasing levels of OPG and 
decreasing sRANKL/OPG ratio in osteoporotic women 
appear to be conflict, as OPG is a decoy receptor for 
RANKL so it should considered as a protective mecha- 

nism so how we can explain these results.  
From the available literatures and our study we can 

explain these results through different approaches. First: 
many years ago, the experimental data and clinical ob- 
servations about OPG-sRANKL system appears however 
conflicting. OPG-deficient mice develop sever osteopo- 
rosis with multiple fractures and calcification of the aorta 
and renal arteries [31]. On the contrary in patients with 
osteoporosis, hypertension and cardiovascular diseases 
the serum levels of OPG are higher [32-34]. These find- 
ing suggest that elevated OPG may represent an insuffi- 
cient compensatory self-defensive mechanism to prevent 
bone resorption and vascular damage. Second: The se- 
rum level of OPG does not necessarily reflect the actual 
concentration in the bone microenvironment because 
tissues other than bone (e.g. lung, kidney, endothelial 
cells and arterial smooth muscle cells) produce OPG [35]. 
Third: The available ELISA assay used for the measure- 
ment of serum OPG detect both monomeric and dimeric 
OPG as well as OPG bound to circulating sRANKL. It’s 
known that the OPG binding to sRANK reduce its clear- 
ance and so results in increased serum levels of OPG 
[28]. Fourth: sRANKL is membrane anchored molecule 
which can be cleaved from the cell surface as soluble 
sRANKL [36]. The RANKL test kits available now de- 
tect sRANKL in biological fluid such as serum. Whether 
the amount and activities of sRANKL are related to their 
membrane bound form is still uncertain.  

Due to those conflict about the level of OPG bone 
turnover marker in osteoporotic diabetic patients makes 
them misleading and confusing. So other markers should 
be explored, in our study we explore the association of 
these parameter with IGF-1 (as new marker). The corre- 
lation studies indicted a strong significant negative cor- 
relation between serum levels of IGF-1 and OPG in post- 
menopausal diabetic women with osteoporosis. With os- 
teoporosis, while its level in the same group shows a 
strong positive correlation with BMD at lumber and fe- 
moral neck, sRANKL and sRANKL/OPG ratio.  

In line with our results the in vitro study of Rubin et al. 
2002 indicated that IGF-1 increased sRANKL and de- 
creased OPG expression in mouse stromal cells [37]. 
Furthermore, they found that IGF-1 treatment to post- 
menopausal women decreased OPG expression. Also in 
accordance with the obtained data Zhao et al. 2008 
showed that serum IGF-1 is negatively correlated with 
serum OPG and positively with sRANKL/OPG ratio and 
sRANKL in postmenopausal women [18]. When they di- 
vided the postmenopausal women into normal, osteo- 
penic and osteoporotic groups, it was found that serum 
IGF-1 levels in osteoporotic women were more than 
those in normal women but no significant difference was 
found in OPG and RANKL among the groups. These 
studies with our study confirmed that the IGF-1 level 
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may act as an indicator of bone remodeling in post- me-
nopausal women with Type 2 diabetes. 

5. Conclusions 

The present study indicated that serum osteocalcin 
level showed no significant change in postmenopausal 
diabetic women without osteoporosis, while those wo- 
men with osteoporosis showed a significant decline com- 
pared to healthily control non-diabetic postmenopausal 
women (Figure 2). In accordance with these results, Im 
et al. 2008 demonstrated that the serum level of osteo- 
calcin was lower and found to be an independent risk 
factor associated with glucose and glycated hemoglobin 
in postmenopausal women with Type 2 diabetes [38]. 
Also other studies indicated that, Type 1 and Type 2 dia- 
betes were associated with lower levels of osteocalcin 
[39,40]. Also our correlation studies indicated that the 
serum level of Osteocalcin was negatively correlated 
with sRANKL and IGF-1, while positively correlated 
with OPG in postmenopausal diabetic women with osteo- 
porosis. 

From these results we can suggest that assessing the 
circulating levels of IGF-1 and osteocalcin may provide a 
very useful information for diagnosis or even prognosis 
of osteoporosis in Type 2 diabetic postmenopausal wo- 
men because they greatly declines with osteoporosis in 
those patients. 
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