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ABSTRACT 

Background: Diabetic osteoporosis is caused by reduced bone mineral content due to the abnormal levels of 
sugar, protein, fat, and macroelements, such as calcium and phosphorus. Beside metabolic bone diseases, 
these changes at times lead to pathological fractures. Still, the effect of type 2diabetes (T2DM) on bone 
mineral density remains controversial. There are potential mechanisms behind the increased fracture risk that 
occurs in patients with diabetes, even those with increased bone mineral density. One potential link between 
diabetes and bone is the osteoblast-produced factor, osteocalcin. Objective: The aim of this study was to 
determine the level of osteocalcin in type 2 diabetic patients as a marker for early detection of osteoporosis. 
This may help early prediction and treatment of osteoporosis before bone mass density (BMD) affected. 
Subjects and Methods: Sixty diabetic patients (30 males and 30 females) aged33 –61years were recruited 
and classified by DEXA into three equal groups: patients with type 2 diabetes mellitus with osteoporosis, 
patients with osteopenia, and patients with normal bone, as well as twenty apparently healthy controls. The 
inclusion and exclusion criteria were applied for both patients and controls. All subjects included in this 
study were subjected to the following : Full history taking and clinical examination , laboratory investigations 
including complete blood picture (CBC) , fasting and post prandial serum glucose levels, serum creatinine, 
lipid profile (LDL, HDL, total cholesterol and triglycerides) and complete urine analysis. Serological test for 
osteocalcin by ELISA technique was used.  Results:  The results of the present study showed that serum 
osteocalcin level significantly decreased in diabetic patients with osteoporosis, osteopenia and normal bone 
as compared to healthy control subjects. Also, there was significant decrease in serum osteocalcin level in 
type 2 diabetic patients with osteoporosis as compared to those with osteopenia and normal bone density 
groups. Significant negative correlation was found between osteocalcin and HbA1c, LDL, duration of 
diabetes and TG in all diabetic patients groups, and positive correlation between osteocalcin, HDL, and BMD 
in all diabetic groups. Conclusion: Osteocalcin may have a role on prediction of osteoporosis in diabetic 
patients even before bone mineral density affected. 
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INTRODUCTION 

     Diabetes mellitus is a pandemic and a 
chronic metabolic disorder with 
substantial morbidity and mortality that is 
characterized by the presence of high 

blood glucose (Chin et al., 2014). 
About374 million people in the world are 
under the threat of this deleterious health 
problem (Sealand et al., 2013). 
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    Osteoporosis (OP) is often described as 
a silent disease because it is typically 
asymptomatic until a fracture occurs. The 
disease negatively and significantly 
impacts morbidity and mortality as it can 
lead to severe pain, deformity, disability, 
and death. The signs of OP are 
deterioration of the microstructure of bone 
specifically at trabecular sites including 
vertebrae, ribs and hips, culmination in 
fragility fractures, pain and disability 
(Wolden-Kirk et al., 2011). The occur-
rence of OP is prevalent among the aging 
women than the aging men although 
corticosteroid treatment, intake of 
excessive alcohol, cigarette smoking, low 
calcium intake and hypogonadism may be 
the secondary cause (Chin et al., 2014). 
The worldwide prevalence of osteoporosis 
is estimated to be greater than 200 million 
people, with the majority being women 
(Osteoporosis – General Statistics, 
2012). 

     Bone mineral density (BMD) has been 
shown to be higher in people with T2DM 
(Ma et al, 2012).It leads to increased 
skeletal fragility and microarchitectural 
deterioration of bone tissue, causing a 
decrease in bone mineral density (BMD), 
bone quality, and strength (Reyes and 
Moreno,2005). 

     It is difficult to ascertain whether there 
is a difference in the distribution of 
osteoporotic fractures in patients with 
T2DM because age, gender, and obesity 
may have separate effects on fracture 
incidence (Viegas et al., 2011). 

    Osteocalcin (OC) is a product of 
differentiated osteoblasts, formed by 46 to 
50 amino acids residue protein and is 
released into the general circulation 
(Villaf?n-Bernal et al., 2011). Osteocalcin 

is also known as bone gamma-
carboxyglutamic acid (Gla) protein, it is 
the most abundant noncollagenous protein 
of bone matrix (Razzaque, 2011). 
Osteocalcin has been reported to exert a 
profound effect on glucose homeostasis, 
insulin sensitivity and fat metabolism 
(Ferron et al., 2008). 

     Different experimental observations 
indicated the existence of a feed forward 
loop linking insulin, bone resorption, and 
osteocalcin activity as a potential 
mechanism for the association between 
bone and glucose metabolism. In support 
of these findings, the daily injection of 
osteocalcin in normal mice (in doses 
between 3 and 30 ng/g/day) led to an 
improved glucose homeostasis by 
increasing beta-cell function and insulin 
sensitivity (Ferron et al., 2012).   

SUBJECTS AND METHODS 

     The subjects in current study were 
divided into four equal groups (20 
subjects each). Group Iwas healthy subject 
as control with mean age 43.1 ± 9.1; 
Group II was diabetic patients with 
osteoporosis and mean age 52.2 ± 8.5, 
Group III was diabetic patients with 
osteopenia and mean age 50.8 ±6.2, and 
Group IV was diabetic patients and 
normal bone with mean age 48.9 ± 
8.4.Patients with type II diabetes mellitus 
(20 males and 20 females) attended the 
clinic of Endocrinology Department in 
Sayed Galal University Hospital. They 
had no apparent complication of diabetes, 
and they were classified by DEXA. Type 
2 diabetic patients were diagnosed 
according to criteria of the American 
Diabetes Association (2006). For subjects 
of all groups written consent and history 
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was obtained. Full clinical examination 
was done including neurological and 
fundus examination, complete blood 
picture, fasting and post prandial serum 
glucose levels, serum creatinine, lipid 
profile (LDL, HDL, total cholesterol and 
triglycerides) and complete urine analysis.  

Exclusion criteria: Cases complaining 
from other diseases 

Specific investigations: Estimation of 
serum osteocalcin by ELISA method 
manufactured by Epitope diagnostic 
inc,San Diego, CA92121, USA (Nagasue 
et al.,2003). Bone   mineral density was 
measured by DEXA (Kanis and Gluer, 
2000). 

Sampling: Ten ml venous blood was 
withdrawn aseptically from each subject. 
Of them, 2.5 ml were added to EDTA-
containing tube for estimation of CBC and 
HbA1c. The remaining 8 ml were added 
to plain tube for serum separation. All 
biochemical parameters were freshly 
measured. Part of serum was stored at -
80?C for measurement of osteocalcin. 
Another two ml blood were withdrawn 2 
hours after average meal, and used for 
measurement of 2 hours postprandial 
serum glucose level. 

     Analytical Methods: Osteocalcin was 
measured by ELISA according to the 
method of Nagasue et al. (2003). Serum 
glucose was measured according to the 
method of Young (2001) using spin react 
kit. Cholesterol was measured according 
to the method of Burtis and Ashwood 
(1999) by spin react kit. Determination of 
serum triglycerides was detected 
according to the method of Bjorksten 
(1972).Serum high density lipoprotein 
(HDL) was measured according to the 

method of Burtis and Ashwood (1999) by 
spin react kit. Estimation of serum low 
density lipoprotein was detected according 
to the Friedewald Formula (LDL = total 
cholesterol – [HDL+      ]  

Statistical analysis: All statistical 
analyses were performed using descriptive 
statistics. Mean ± SD for the outcome 
variables of interest were computed. One-
way analysis of variance with repeated 
measures was used for comparison of 
dependent variables. P<0.05was consi-
dered to be significant. Statistical data 
were analyzed to evaluate the differences 
between the groups using the student’s t- 
test. Statistical analysis was done using 
the Statistic Package for Social Science 
Version 17 (SPSS 17.0). 

RESULTS 

     As regards the clinicodemographic and 
laboratory assessment, there was a 
significant increase of FBS, PP blood 
glucose, glycated hemoglobin, urea and 
creatinine in diabetic groups compared to 
control group (Table 1). 

     Osteocalcin levels in all diabetic 
groups were significantly lower than 
controls. However, no significant 
difference was found between diabetic 
groups and controls with respect to 
cholesterol, TG and LDL. Significant 
decrease in HDL, osteocalcin and BMD 
(femur T-score and lumbar T-score) were 
found in all diabetic groups compared to 
control groups (Table2). 

     Correlation analysis between serum 
osteocalcin and other variables of all 
diabetic groups and control revealed the 
presence of significant negative 
correlation between osteocalcin and 
HbA1c (r- 0.368 –fig .1). 
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Table (1): Demographic and biochemical characteristics of all studied groups 
(Mean ± SD). 

Groups 
 
 
Parameters 

Non-diabetic 
(Controls) 

n= 20 

Diabetic group 
with 

osteoporosis 
n = 20 

Diabetic group 
with 

osteopenia 
n =20 

Diabetic group 
With 

normal bone 
n = 20 

ANOVA (F) 
test 

 
P-value 

Age (year) 43.1 ± 9.1 52.2 ± 8.5 50.8 ±6.2 48.9 ± 8.4 F = 5.1 0.003* 

FBG (mg/dl) 84.2 ± 11.9 121.7 ± 31.96 126.4±26.3 135.6 ±30.4 F = 13.3 0.000* 

P.Pblood glucose 
(mg/dl) 

113.8 ± 13.8 194.9 ± 60.0 199.4 ±29.0 183.5 ±26.2  0.000* 

Cholesterol (mg/dl) 189.4 ± 30.3 191.35 ±29.6 200.0 ±38.2 169.1 ±36.1 F = 2.3 0.08 

TG (mg/dl) 112.0 ± 36.4 143.3 ±36.4 129.8 ±26.8 109.4 ±60.0 F = 2.6 0.5 

LDL (mg/dl) 116.5 ± 21.9 122.8 ±12.8 105.0 ±13.8 102.7 ±17.6 F = 5.3 0.002* 

HDL (mg/dl) 56.1  ± 7.6 35.7 ±6.3 37.5 ±11.6 47.9 ±9.3 F = 22.8 0.000* 

Urea (mg/dl) 30.8 ± 4.6 37.5 ±10.6 35.1 ±6.1 32.1 ±7.2 F = 2.9 0.04* 

Creatinin (mg/dl) 0.58 ± 0.2 1.0 ± 0.31 1.0± 0.3 1.0± 0.29 F = 11.6 0.000* 

Osteocalcin (ng/ml) 
Range 

13.9 – 19 
16.7 ± 1.6 

2.4 – 13.4 
7.0  ± 2.8 

0.000* 1.0± 0.29 F=165.0 0.000* 

*Significant. 

 
Table (2):  Comparison between diabetic patients and non-diabetic subjects  (controls) 

regarding serum osteocalcin level and bone density scores. 

    Groups 
 
Parameters 

Non-diabetic 
(Control) 

n= 20 

Diabetic group 
 

n = 60 

Sig.test P-value 

Osteocalcin (ng/ml) 
Range 
Mean ± SD  

 
13.9 – 19 
16.7 ± 1.6 

 
2.4 – 13.4 
7.1  ± 2.8 

 
F = 165.0 
 

 
0.000* 

Femur T-score 
Range  
Mean ± SD 

 
1.2  -2.3 
1.6950±.27237 

 
-3.80 - 1.90 
-1.3 ±1.93 

 
F =395.6  
 

 
0.000* 

Lumbar T-score 
Range  
Mean ± SD 

 
1.10 - 2.50 
1.69 ± .34928 

 
-4.60 - 1.70 
-1.69 ± 2.1 

 
F =773.8 

 
0.000* 

*Significant. 
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Figure (1): Correlation between serum osteocalcin and HbA1c 

 
DISCUSSION 

      Diabetes mellitus is a pandemic 
metabolic disease with morbidity and 
mortality, bone and mineral abnormalities 
in patients with diabetes mellitus may be 
caused by direct effect of insulin 
deficiency or resistance, advanced 
glycation of bone matrix protein and 
abnormal cytokines and adipokines 
productions (Kanazawa et al., 2009). 

      Skeleton was considered as a dynamic 
connective tissue which was essential for 
mobility, calcium homeostasis, and 
hematopoietic niche. However, more and 
more evidences indicate that skeleton 

works not only as a structural scaffold, but 
also as an endocrine organ which 
regulates several metabolic processes 
(Shaoet al., 2014).The relationship 
between type 2 diabetes and osteoporosis 
is complicated. Multiple studies have 
demonstrated an association between type 
2 diabetes and fracture (Bonds et al., 
2006).  

     OP is a painless weakening of the 
bones with a harmful impact on morbidity 
and mortality. It leads to increased 
skeletal fragility and microarchitectural 
deterioration of bone tissue, causing a 
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decrease in bone mineral density (BMD), 
bone quality, and strength (Raisz, 2005). 

     Osteoporosis is the most important 
metabolic bone disease in patients with 
diabetes mellitus. The relationship 
between T2DM and osteoporosis is 
complicated. Multiple studies have 
demonstrated an association between 
T2DM and fracture (Sealand et al., 
2013). 

    Osteocalcin is a small protein secreted 
by osteoblasts that can undergo γ-
carboxylation. The γ-carboxylated form 
binds hydroxyapatite and is abundant in 
bone extracellular matrix. In contrast, the 
under carboxylated circulating form has 
several hormonal features that regulates 
glucose metabolism and fat mass (Lee et 
al., 2007).It appears that osteocalcin 
increased insulin secretion, lower blood 
glucose, increased insulin sensitivity, and 
decreased visceral fat in both genders 
(Aurora et al., 2013). 

     In the present study, serum osteocalcin 
significantly decreased in diabetic patients 
with osteoporosis as compared to diabetic 
patients with osteopenia or healthy 
control. This was in agreement with the 
results obtained by Reyes- Garcia et al. 
(2013) who reported that osteocalcin and 
TRAP levels were significantly lower 
among diabetes patients than non-diabetic 
subjects, and they suggested that type 
2DM was in a state of low bone turnover. 
Also, the present study was in agreement 
with the results obtained by Kindblom et 
al. (2009) who demonstrated an 
association of bone turnover biomarkers, 
especially of osteocalcin with levels of 
blood glucose and HbA1c. 

      Booth et al. (2013) reported that 
impaired bone turnover in type 2 diabetes 

appears to result from decreased bone 
formation. They also suggested that poor 
glycemic control in type 2 diabetes may 
contribute to osteopenia. Cutrim et al. 
(2007) assessed the effect of chronic 
hyperglycemia on bone mineral density 
(BMD) and bone remodeling in patients 
with type 2 diabetes mellitus. Their results 
demonstrate that hyperglycemia is not 
associated with increased bone resorption 
in type 2 diabetes mellitus and that BMD 
is not altered in type 2 diabetes mellitus. 

     Imet al. (2012) found an association 
between OC and vertebral fractures in 
type 2 diabetic patients. Bhattoa et al. 
(2013) stated that it is uncertain whether 
bone markers may be of use in the 
prediction of fractures in diabetic patients. 

     In the current study, lipid profile 
showed that the mean serum levels of total 
cholesterol, and LDL-C in diabetic group 
with osteoporosis was significantly higher 
than those of control group and then those 
of the diabetic group with osteopenia. The 
serum level of HDL-C was significantly 
lower in the diabetic group with 
osteoporosis than in the control group, and 
the diabetic group with osteopenia.TG 
showed non-significant change in diabetic 
patients with osteoporosis group as 
compared to those with osteopenia and 
control groups. These results came in 
agreement with Ruiz- Gaspa et 
al.(2007).who stated that osteocalcin plays 
a role in the lipid lowering effects of 
statins. In a cross-sectional study in type 2 
diabetes, HDL-C level was independently 
inversely associated with osteocalcin in 
men, where in premenopausal women 
triglycerides was positive independent 
factor influencing osteocalcin (Zhou et 
al., 2010). 
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     On the other hand, some studies found 
no significant association between osteo-
calcin and lipid profile variables (Lee et 
al., 2012).Few other reports also showed a 
negative association between osteocalcin 
levels and triglycerides in blacks and non-
Hispanic whites (Saleem et al., 2010) 

     The significant negative correlation 
between osteocalcin and HbA1c in 
diabetic patients and control may indicate 
a role of glycemic control in osteocalcin 
level. 

     Abdelsalam (2013) stated that there 
was a highly significant negative 
correlation between serum osteocalcin 
level and fasting blood glucose, 2 h 
postprandial blood glucose, HbA1c, 
fasting serum insulin, HOMA-IR, total 
cholesterol, serum triglycerides, LDL-
cholesterol and highly significant positive 
correlation with HDL-cholesterol. Serum 
osteocalcin level may have a role in 
glucose homeostasis in gestational 
diabetes mellitus. 

In conclusion: Skeleton has an endocrine 
function via osteocalcin and plays an 
important role in energy metabolism, 
especially in glucose metabolism. 
Osteocalcin promotes proliferation of  β 
cells, insulin secretion, and insulin 
sensitivity. Measurement of osteocalcin 
seems more a helpful marker for early 
detection of osteoporosis in diabetic 
patients even with normal BMD. This 
may help early prediction and treatment of 
osteoporosis before BMD affected. 

     Further studies with larger sample sizes 
are needed to elucidate the physiological 
relevance of osteocalcin function in 
normal individual and patients with 
metabolic and other diseases in humans.  
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ǦǤȆȹ ǦȱɍǼȭ ƆǠǮȱǟ țɀȺȱǟ ȸȵ ɃȀȮȆȱǟ Ž ƙȆȱǠȭɀɆǪȅɉǟ ǒɀǤȺǪȱǟ ɄȲȝ 
ȀȮǤƫǟ ǦȉǠȊƬ ȳǠȚȞȱǟ  

   *ةجیهان حسین عویض – سهام النقیب* – ان یونس محمد*مینار 
  محسن السید** -الزهراء عبد البدیع السید* - أحمد* محمد ریم

 جامعة الأزهر –كلیة  الطب (بنات)  -* والروماتیزم** ةالطبی ةقسمى الكیمیاء الحیوی
    

إنخفـاض كثافـة المعـادن مثـل  :  تحـدث هشاشـة العظـام فـى مـرض السـكرى مـن النـوع الثـانى نتیجـةخلفیة البحث
كســــور العظــــام، وهــــذا نــــاتج عــــن إخــــتلال مســــتویات الســــكر  إلــــىالكالســــیوم والفســــفور فــــى العظــــام ممــــا یــــؤدى 

  للجدل.  اً والبروتینات والدهون.  وتظل علاقة مرض السكرى بهشاشة العظام موضوع
وتعتبر العلاقة بین السكرى من النوع الثانى وهشاشة العظام علاقـة معقـدة إلـى حـد كبیـر . وهنـاك آلیـات محتملـة 
وراء زیادة خطر حدوث كسور العظام  فى مرضى السـكرى مـن النـوع الثـانى حتـى عنـد زیـادة كثافـة المعـادن فـى 

  العظام .
هــذه الآلیــات، ویعتبــر حلقــة وصــل بــین مــرض الســكرى الأوستیوكالســین الــذى تفــرزه بانیــات العظــام احــد  ویعتبــر

خلایـــا بیتـــا فـــي البنكریـــاس لإطـــلاق ســـراح  والعظـــام  ویعمـــل الأوستیوكالســـین كهرمـــون فـــي الجســـم، حیـــث یحفـــز
  .الأنسولینالمزید من 

: تهدف هذه الدراسة إلى تحدید نسـبة الأوستیوكالسـین فـى مصـل مرضـى السـكرى ممـا یسـاعد الهدف من البحث
خیص والعـــلاج  المبكـــر لهشاشـــة العظـــام المصـــاحب لمـــرض الســـكرى مـــن النـــوع الثـــانى وذلـــك قبـــل أن فـــى التشـــ

  ر فى كثافة العظام.ییحدث أى تغی
: شــملت هــذه الدراســة ســتین مریضــا مصــابین بالــداء الســكرى مــن النــوع الثــانى، وقــد تــم المرضــى وطــرق البحــث

الدیكسـا إلــى ثـلاث مجموعــات:  المجموعـة الأولــى:  تقسـیم المرضـى  طبقــا لقیـاس كثافــة العظـام بإســتخدام جهـاز
مرضى السكرمن النوع الثانى ویعـانون مـن هشاشـة عظـام، والمجموعـة الثانیـة: مرضـى السـكري مـن النـوع الثـاني 

یعـانون  ویعانون من نقص بكثافة العظم (الاسـتیوبینا) ، والمجموعـة الثالثـة: مرضـى السـكري مـن النـوع الثـاني ولا
إلى ذلك، فقـد تـم الإسـتعانة بعشـرین فـردا أصـحاء كمجموعـة ضـابطة.  بالإضافةكثافة العظام. من أي نقص في 

وقد تم فحص المرضـى إكلینیكیـا، وتـم عمـل التحالیـل الروتینیـة لهـم وتشـمل قیـاس مسـتوى السـكر فـى مصـل الـدم 
هون الثلاثیــة والــدهون (صــائم وســاعتین بعــد الأكــل) والبولینــا فــى مصــل الــدم، ونســبة الــدهون (الكولیســتیرول والــد

عالیة الكثافة والدهون منخفضة الكثافة)  وقیاس مستوى الأستیوكالسـین فـى مصـل الـدم بطریقـة القیـاس الإنزیمـى 
ذا دلالــة إحصــائیة فــى مســتوى الأستیوكالســین  فــى مصــل  اً إنخفاضــ ة: أظهــرت الدراســالنتــائجالمنــاعى (الیــزا). 

الثـاني عنــد مقــارنتهم بمجموعــة الأصــحاء، ووجــدت علاقــة ذات  الـدم فــى مجموعــات المرضــى الســكري مــن النــوع
دلالة إحصائیة في مستوى الأستیوكالسین فى مصل الدم حیث تناسب الأستیوكالسـین تناسـبا عكسـیا مـع الـدهون 
منخفضـة الكثافــة  ونســبة الهیموجلــوبین الســكري ومــدة المــرض، وطردیـا مــع كثافــة العظــام والــدهون عالیــة الكثافــة 

الصــائم فـي الــدم  جموعــات مرضـى السـكري مــن النـوع الثـاني، ولــیس لـه علاقـة بــالعمر ومسـتوي السـكرفـى كـل م
  والكولیستیرول في كل مجموعات مرضي السكري. 

نبــوء المبكــر بمــرض هشاشــة تفــى ال مكــن إســتنتاج أن الأوستیوكالســین فــد یكــون لــه دوراً ی: وممــا ســبق الإســتنتاج
    لنوع الثانى.العظام المصاحب لمرضى السكرى من ا


