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ABSTRACT 

 
Osteoporosis is group of those diseases which affect elderly people especially women. They have 

adverse effects on person and economic burden on society, because of their side effects especially hip 
fractures. Each year many women with those disease mainly those with osteoporosis are exposed to incidents 
of fracture. These incidents are merely resulting from falling or simple reasons such as the acts of bending or 
coughing as in the case with the vertebral fracture. Therefore, it is crucial to identify those people who are at 
risk, from the very early stages of such diseases. Macrophage colony stimulating factor (M-CSF) is a member of 
the family of proteins referred to as colony stimulating factors(CSFs).M-CSF is a secreted or a cell surface 
glycoprotein comprised of two subunits that are joined by a disulfide bond with a total molecular mass varying 
from 40 to 90 kD. Similar to other CSFs, M-CSF is produced by macrophages, monocytes, and human joint 
tissue cells,. M-CSF-related disease states include osteoporosis, in which monocytes/macrophages and related 
cell types play a role. For instance, osteoclasts are similar to macrophages and are regulated in part by M-CSF. 
Postmenopausal bone loss results from defective bone remodeling secondary to an uncoupling of bone 
formation from exuberant osteoclast mediated bone resorption as a consequence of estrogen deficiency. 

Multinuclear osteoclast formation induced by (M-CSF  +  RANKL ) is completely abrogated by treatment with 

GM-CSF. In the present study, the correlation of M-csf and GM-CSF level with Bone mineral densityand 
Estrogen was investigated to determine the factors that mainly affect M-CSF correlation in patients with 
osteoporosis. M-CSF and other measured biochemical parameters were compared between the  patients (122) 
and healthy (32). Serum (M-CSF) and (GM-CSF) were positively correlated (p < 0.0001) with Estrogen, and 
negatively(p < 0.001)  correlated with BMD. GM-CSF was correlated with M-CSF. showed a significant 
difference between osteoporotic  and control groups. Estrogen and bone mineral density (BMD) levels can be 
predicted significantly using the most correlated with M-csf and GM-csf 
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INTRODUCTION 
 

Osteoporosis is a bone disease in which the quantity of bone is reduced and the structural integrity of 
trabecular bone is disturbed. Cortical bone becomes more porous and thinner. This renders the bone very 
weak and more likely to fracture. Osteoporosis is characterized by reduce(BMD) and enhanced likelihood of 
bone fracture. (1)Fracture sequela  include pain psychiatric distress, stature changes, raise morbidity and 
mortality, and increased hospitalization.(2,3)The diagnosis of osteoporosis can be made using conventional 
radiography and by measuringBMD.(4)The most popular method of measuring BMD is DEXA. In addition to the 
detection of abnormal( BMD), the diagnosis of osteoporosis requires investigations into potentially modifiable 
underlying causes, this may be done with blood tests. Depending on the likelihood of an underlying problem, 
investigations for cancer with metastasis to the bone, multiple myeloma, Cushing's disease and other above-
mentioned causes may be performed. measurement of BMD , radiography and biochemical markers, are 
important in diagnosing osteoporosis.(5)Bone density testing is used to diagnose patient suffer from 
osteoporosis, and x-ray films are helped to rule out other bone or arthritic conditions. Thin bones may be 
diagnosed on an X-ray film, but bone density testing is more accurate .It is possible to detect osteoporosis 
noninvasively and early. Osteoporosis may be diagnosed after fractures that happen with minimal trauma, by 
measurement of BMD with bone densitometry which is also known as DEXA scan, or by an incidental finding 
on an x-ray film(6,7).DEXA scan  are considered   as an instant snapshot of bone status. This scan, also known 
collectively as BMD test, are useful to detect the amounts of bone mass in the wrist, hip, spine, heel , hand, or 
the entire body and to evaluate its density. Some studies have showed that information regarding bone 
mineral density at any anatomic site is equally valuable for estimating the risk of fracture in 
general.(6,7,8)DXEA is considered the gold standard for the diagnosis of osteoporosis. Osteoporosis is 
diagnosed when BMD is less than or equal to 2.5 standard deviations below that of a young (30–40)year-
old,(9)healthy adult women reference population. This is translated as a T-score. But because bone density 
decreases with age, more people become osteoporotic with increasing age,(9,10)the World Health 
Organization has established the following diagnostic guidelines.(9,11)The International Society for Clinical 
Densitometry takes the position that a diagnosis of osteoporosis in men under 50 years of age should not be 
made on the basis of densitometric criteria alone. It also state, for premenopausal women, Z-
scores(comparison with age group rather than peak bone mass) rather than T-scores should be used, and the 
diagnosis of osteoporosis in such women also should not be made on the basis of densitometric criteria 
alone.(12) 

 

 
 

A T-score of -1.0 to -2.5 signifies osteopenia, meaning below-normal bone density without full-blown 
osteoporosis. This stage of bone loss is the precursor to osteoporosis. Upon measurement completion, a report 
is generated. The T-score is the number of standard deviations that a patient's BMD is above or below the 
mean BMD of young, healthy person of the same sex. The Z-score is the number of standard deviations that a 
patient's BMD is above or below the mean BMD of others of the same age and sex. According to the WHO, a T-
score between -1.0 and -2.5 is a sign of osteopenia, and a T-score of -2.5 or below indicates osteoporosis. The 
report scores of an 80-year-old woman are shown. The Z-score instead of the T-score should be used for 
healthy premenopausal women, men under age 50, and children. A Z-score less than -2.0 is below the 
expected range.( 13) 
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Estrogen:is the major sex steroid hormone influencing bone turnover,(14) and maintaining bone mass in men 
and women. (15) Estrogen has an anabolic action on bone. It indirectly causes a reduction of bone 
resorption by preventing osteoclastogenesis and can  directly inhibit osteoclastfunction. (16) Estrogen acts 
directly on bone marrow cells, osteoblastline age cells, and osteoclaststo inhibit the production of a number of 
cytokines including IL-1, IL-6, TNF-α and M-CSF, and these cytokines are associated with estrogen reduction-
induced bone loss. (17, 18) Estrogen  deficiency,  therefore,  stimulates  osteoclast  differentiation,  activation 
and maturation through the significant increase of proinflammatory cytokines including IL-6, granulocyte 
macrophage colony-stimulating factor and prostaglandin E2, a substance synthesized primarily from 
arachidonic acid which stimulates the effects of RANK Land inhibits the effects of OPG. (19) Also, increased 
cytokine production stimulates bone resorption during the bone remodeling process, increases the pool of 
early osteoclastic precursors in the bonemarrow and stimulates bone loss. (20-22) Several cytokines such as IL-
6, PGE2 and TNF-α have a key role in regulating the synthesis of estrogen (23, 24). Bone remodelling activity 
increases substantially among postmenopausal women and can result in bone loss of approximately 3% 
annually.(25) Thus,  estrogen  deficiency  after  menopause  accelerates  age-related  bone  loss, and bone 
mineral density can decrease significantly by6 years aftermenopause.(26)The colony stimulating factor 
1 (CSF1),also known as macrophage colony-stimulating Is a secreted cytokine which influences hematopoietic 
stem cells to differentiate into macrophages or other related cell types. Eukaryotic cells also produce M-CSF in 
order to combat intercellular viral infection.(27)It is one of the three experimentally described colony-
stimulating factors. M-CSF binds to the colony stimulating factor 1 receptor. It may also be involved in 
development of the placenta.(28)M-CSF is a hematopoietic growth factor that is involved in the proliferation, 
differentiation and survival of monocytes, macrophages, and bone marrow progenitor cells. M-CSF affects 
macrophages and monocytes in several ways, including stimulating increased phagocytic and chemotactic 
activity, and increased tumor cell cytotoxicity. (29)The role of M-CSF is not only restricted to the monocyte-
macrophage cell lineage. By interacting with its membrane receptor (CSF1R or M-CSF-R encoded by the c-fms 
proto-oncogene), M-CSF also modulates the proliferation of earlier hematopoietic progenitors and influence 
numerous physiological processes involved in immunology, metabolism, fertility and pregnancy. (30)M-CSF 
released by osteoblasts exerts paracrine effects on osteoclasts. M-CSF binds to receptors 
on osteoclasts inducing differentiation, and ultimately leading to increased plasma calcium levels—through 
the resorption of bone.(31)High levels of M-csf expression are observed in the endometrial epithelium of the 
pregnant uterus as well as high levels of its receptor M-CSFR in the placental trophoblast. Studies have shown 
that activation of trophoblasitc M-CSFR by local high levels of M-CSF is essential for normal embryonic 
implantation and placental development.(32)More recently, it was discovered that M-csf and its receptor M-
CSFR are implicated in the mammary gland during normal development and neoplastic growth.(33) 
Granulocyte-macrophage colony-stimulating factor (GM-CSF), also known as  CSF2, is 
a monomeric glycoprotein secreted by macrophages, T cells, mast cells, NK cells, endothelial 
cells and fibroblasts that functions as a cytokine. The pharmaceutical analogs of naturally occurring CSF2 are 
called sargramostim and molgramostim. (34) Unlike GM-CSF, which specifically 
promotes neutrophil proliferation and maturation, CSF2 affects more cell types, especially macrophages 
and eosinophils. (35) CSF2 is a monomeric glycoprotein that functions as a cytokine ,it is a white blood 
cell growth factor.( 34)CSF2 stimulates stem cells to produce granulocytes (neutrophils, eosinophils 
and basophils)and monocytes. Monocytes exit the circulation and migrate into tissue, whereupon they mature 
into macrophages and dendritic cells. Thus, it is part of the immune/inflammatory cascade, by which activation 
of a small number of macrophages can rapidly lead to an increase in their numbers, a process crucial for 
fighting infection.(36)CSF2 also has some effects on mature cells of the immune system. These include, for 
example, inhibiting neutrophil migration and causing an alteration of the receptors expressed on the cells 
surface.(37)CSF2 signals via signal transducer and activator of transcription, STAT5.(38) 
 

MATERIAL AND METHODS 
 

According to cross-sectional dual center study was conducted at DEXA unit in radiology department in 
Al-Sader Teaching Hospital in AL-Najaf Province /Iraq from August 2015 till the end of April 2016 to know the 
prevalence of Osteoporosis in Iraqi postmenopausal women a total of 154 females from age of 50 year to age 
of 80year were randomly selected from the patients attending the out patients clinic. Osteoporosis was 
diagnosed according to WHO criteria.Women were excluded from the study if they had endocrine diseases, 
environmental factors, diseases with altered activity (like rheumatoid arthritis, cerebrovascular accidents, 
chronic obstructive pulmonary diseases) or received any anti-osteoporosis treatment, and/or hormone 
replacement therapy at the time of BMD measurement. A total of 154 women involved in this study with mean 
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age 63.753 ± 10.2427years .Blood samples had been taken from (122) osteoporosis women and (32) women 
apparently healthy as a control group .Consent was obtained from the patients’ first-degree relatives (mother 
or father). These patients were also informed that the results of the study would be provided to them as free 
useful laboratory tests. The patients were diagnosed with osteoporosis as DXEA scan. Diagnosis was 
established by observing clinical symptoms and conducting hematological . None of these controls was anemic 
or manifested an evident systemic disease. 
 
Methods A-Assays: Estimation of M-CSF ,GM-CSF and Estrogen quantitatively was performed using a  solid-
phase enzyme-linked immunosorbent assay (ELISA) supplied by (Bioassay®, china). DEXA measurement and 
medical history participants with DEXA measurements were classified into different categories of osteoporosis 
based on their T-score values from their BMD measured by DEXA and their answer to the question regarding 
fracture . The most important information to check is the correct identification of the patient, his date of birth 
and also the sex and ethnicity.BMD  recorded at the lumbar spine (L1-L4) and left and right femurs, by using 
dual energy X-ray absorptiometry (DXEA) machine (Dexxum).(Appendix Osteoporosis was diagnosed according  
to World Health Organization(WHO) guidelines criteria for diagnosis of Osteoporosis. 
 
B-Statistical Analysis: The types of distribution of the variable results were examined using Kolmogorov-
Smirnov test. The results of the analysis were calculated by dividing the variables into 2 classes depending on 
the statistical distribution: normally distributed and non-parametric variables. For normally distributed 
variables, the results were stated as mean ± standard deviation. Pooled t test was used to compare patients 
and the control groups. Pearson’s correlation coefficient (r) was computed to determine the correlation 
between parameters. For non-parametric variables that are not normally distributed, the results were 
expressed as median in addition to mean ± standard deviation. Mann-Whitney U  test was utilized to compare 
the patients and the control groups. Spearman’s correlation coefficients (ρ, rho) were calculated to determine 
the correlation between parameters. Statistical analysis was performed in SPSS version 19.0.1  multilingual 
program (2010; IBM, USA). A  forecasting study was performed using “Regression Forecasting Model” software 
(Business Spreadsheets, USA).  
 

RESULTS 
 

Comparison Between Patients with osteoporosis and Control Group (Table 1  , Figure 1) shows the 
expected status of osteoporosis associated with postmenopausal women as indicated by a  decrease (p < 
0.0001) in estrogen concentration. Table 1 also shows the significantly high concentration of estrogen and 
BMD status parameters in patients with osteoporosis compared with the control group The mean of BMD for 
patients group was (0.902 ± 0.155) and for healthy group was (1.347 ± 0.142) in (mg/cm3) , (P=0.000001).; The 
mean of  Estrogen serum for patients group was (62.322 ± 16.834) and for healthy group was (80.258 ± 
36.274) in (ng/ml),(P=0.0001). 
 

In present study there was a no significant in mean serum (M-CSF in(pg/ml)& GM-CSF in(ng/ml)) in 
postmenopausal Women with osteoporosis was (717.679 ± 223.903), (38.624 ± 17.070)  and for healthy group 
was (691.999 ± 308.896) ,(38.458 ± 40.585) , (P=0.596), (P=0.972) respectively. 
 

Table 1: Comparison between Patients with osteoporosis and Control Group 
 

Parameters Patients(n=122) Controls(n=32) P value 

(Mean±SD) (Mean±SD) 

BMD (mg/cm3) 0.902 ± 0.155 1.347 ± 0.142 0.000001** 

M-CSF(pg/ml) 717.679 ± 223.903 691.999 ± 308.896 0.596 

GM-CSF(ng/ml) 38.624 ± 17.070 38.458 ± 40.585 0.972 

Estrogen(ng/ml) 62.320 ± 16.831 80.250 ± 36.271 0.0001** 
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**: high significant, *: significant 

 
Figure 1: Box Plot Distribution of Studied (BMD, Estrogen, M-CSF and GM-CSF) shows Upper limit, Lower 

limit, and Median. 
 

Correlation Between M-CSF and GM-CSF Parameters and Estrogen and BMD Status Parameters The 
results in Table 2  presented the correlation coefficients (p) and p-values for the relationship between M-CSF 
state parameters and each parameter in osteoporosis patients. The results in Table 2 are very interesting. M-
CSF showed a significant positive correlation with GM-CSF (p = 0.0001, r  = 0.517) and estrogen (p = 0.00001, 
r = 0.330), and negative relation between M-CSF and BMD (r = –0.307, p = 0.001). Furthermore, GM-CSF and 
subsequently , showed a significant correlation with estrogen (r = 0.263, p = 0.0001), and negative relation 
between GM-CSF and BMD (r = –0.355, p = 0.0001).  

 
Table 2 : Correlation Between M-CSF and GM-CSF Parameters and Estrogen and  BMD Status Parameters . 

 

Parameters. Patients(n=122) Control(n=32) 
Correlation 

Coefficients(r) 
P (value) Correlation 

Coefficients(r) 
P (value) 

(M-CSF)VS (GM-CSF( 0.517** 0.0001 0.330 0.065 

(M-CSF)VS (BMD( -0.307** 0.001 -0.274 0.129 

(GM-CSF)VS (BMD( -0.355** 0.0001 0.138 0.452 

(M-CSF) VS (Estrogen) 0.330** 0.00001 -0.030 0.869 

(GM-CSF) VS (Estrogen) 0.362** 0.00001 -0.282 0.118 

* P<0.05, ** P<0.005 
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DISCUSSION 
 

Comparison Between Patients with osteoporosis and Control Group. In present study there was a no 
significant in mean serum (M-CSF in(pg/ml)& GM-CSF in(ng/ml)) in postmenopausal Women with osteoporosis 
was (717.679 ± 223.903), (38.624 ± 17.070)  and for healthy group was (691.999 ± 308.896) ,(38.458 ± 40.585) , 
(P=0.596), (P=0.972) respectively. This finding  were in accordance with results obtained by(39) study.CSF1 
related disease states include osteoporosis, destructive arthritis, atherogenesis, glomerulonephritis, Kawasaki 
disease, and HIV-1 infection, in which monocytes/macrophages and related cell types play a role. For instance, 
osteoclasts are similar to macrophages and are regulated in part by CSF1. Growth and differentiation signals 
induced by CSF1 in the initial stages of osteoclast maturation are essential for their subsequent osteoclastic 
activity in bone.(39)Postmenopausal bone loss results from defective bone remodeling secondary to an 
uncoupling of bone formation from exuberant osteoclast mediated bone resorption as a consequence of 

estrogen deficiency. Multinuclear osteoclast formation induced by (CSF1  +  RANKL ) is completely abrogated 

by treatment with CSF2.(40) Osteoclast mediated bone loss, in the form of both focal bone erosions and more 
diffuse articular osteoporosis, is a major unsolved problem .Through our current study of these factors and the 
narrow possibilities and time needed to study the faces of researchers to study these important factors of 
other fields used as a treatment for the prevention of complications of osteoporosis and not adopted in the 
diagnosis of detailed osteoporosis. The results of current study show a significant decrease in mean serum 
(Estrogen) in postmenopausal Women with osteoporosis was (62.322 ± 16.834) and for healthy group was 
(80.258 ± 36.274) in(ng/ml),(P=0.0001); This finding  were in accordance with results obtained 
by(55,56,57,58)studied. In our study there was a significant decrease in BMD in(osteoporosis)postmenopausal 
women(P<0.000001);The present study revealed BMD measured of osteoporosis women is a better test than 
any other factor measured in the diagnosis of the disease, with incidence of low BMD ,T-score and Z-score in 
osteoporosis women more than controls women, and this result is supported by other workers: 
41,42,43,44,45).Bone mineral density(BMD)showed a significant negatively correlation with (M-CSF, GM-
CSF)Serum ,(r =-0.307, P<0.001),(r= -0.355, P<0.0001) respectively, inpatients women only. This is agreement 
with :39,46,47) ; and BMD is no correlation with (Estrogen)Serum for patients and controls post-menopausal 
women; This is in accordance with:48-54)studies. 
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