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ABSTRACT 

          Background and objectives: Recent studies suggest that high homocysteine 

levels are associated with an increased risk of fractures. Homocysteine levels are known 

to be influenced by vitamin B12, vitamin D3 and folic acid status. Elevated plasma total 

homocysteine (tHcy) and deficiencies of folate and vitamin B12 are associated with risk 

of osteoporosis and bone loss. Therefore, this study aims to examine whether high 

plasma levels of homocysteine and low plasma levels of folate, vitamin B12 and vitamin 

D3 predicted a bad prognosis of bone health or not.  

 Methods: A cross sectional study was conducted on (90) women whose ages were 

between 40–85 years old were mean ± SD (59.8333 ± 9.96764) in 2017–2018. 

Recorded information on T – score values were obtained from computerized DEXA 

machine at the Duhok Rheumatic disease and Medical Rehabilitation center. An 

autoanalyzer biochemical machine were used to measure each of Homocysteine, Folic 

acid, Vitamin B12 in order to obtain a sensitive and accurate results. Independent t – 

test by (SPSS version 23) program was used to estimate relationship and risk 

assessment among study parameters comparing to levels of total plasma homocysteine. 

Results: Hyperhomocysteinemia is associated with skeletal abnormalities and 

osteoporosis. We tested whether levels of homocysteine and critical co-enzymes of 

homocysteine metabolism, such as vitamin B12, D3 and folate which are related to bone 

mineral density (BMD) measured by DEXA in 90 postmenopausal women. The current 

data demonstrates that homocysteine is highly significant difference (P value < 0.01) 

with each of age, waist circumferences (WC), vitamin B12, folic acid, vitamin D3 and T- 

score quartiles, also significant (P value < 0.05) with Body Mass Index (BMI) and Total 

Body Fat percent (TBF %).  

Conclusions: Hyperhomocysteinemia seems to be a predictor for development of 

osteoporosis among study population (elderly women in Duhok city). The present data 

suggest a major association between folate, vitamin B12, vitamin D3 and bone 

mineralization. Our data documented the hypothesis that homocysteine may play a role 

in the pathogenesis of osteoporotic fractures. 
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INTRODUCTION 
 

 

          Osteoporosis is an endless and multifactorial confusion that described via low 

bone mass and microarchitectural weakening of bones (Ethgen et al 2015). It has been 

recorded that the significant outcome of osteoporosis is bone fracture. Particularly hip 

fractures are as often as possible related with standardization and expanded mortality, 

and in this manner with an expanded social and monetary weight (Kanis et al 2004). 

Deficiency of vitamin B12 and folic acid status as well as elevation of homocysteine 

concentration has been related in a few investigations with lower bone mineral density 

which resulted in increasing the incidence of bone fracture in elderly women (Katie et 

al 2004). A raised level of plasma homocysteine (more than 15𝜇mol/L) is predominant 

in people aged between 50-60 years old than in young individuals. The reason is due to 

a combination of natural and hereditary components, nutrition, lifestyle, and hormonal 

elements (De Bree et al 2004). Vitamin B12 and folic acid are significant elements of 

homocysteine metabolism with vitamin B12 and folate had been appeared to be viable 

in regulating homocysteine concentrations (Robert et al 1998). Hypothetically, 

switching raised concentrations of homocysteine via supplementation of folate and 

vitamin B12 could preserve the issue of hindered bone tissues healthiness (Paul et al 

2001). 

          It has been recorded that Calcium and vitamin D3 play an important role in 

preservation and healthiness of bone tissues. The continuous intake of Ca and vitamin 

D3 in people with osteoporosis is essential for ideal care. In addition, it has been stated 

that around 50% of women that are under the treatment of bone loss have low level of 

Vitamin D3 as well as about 90% of women may not take sufficient amount of calcium. 

Recent studies have found out that recovery from osteoporotic disease is improved by 

a number of medications which lead to minimize the risk of bone fractures. The 

presence of adequate amount of Ca and Vitamin D3 in these medications will achieve 

this improvement (Holick 2005). 
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          Osteoporosis in menopaused women is mostly caused by estrogen inadequacy, 

while, natural and lifestyle factors as well as metabolic and hereditary clutters are 

contributing. As an endless feeble incendiary infection, it is trusted that osteoporosis has 

regular pathophysiological premise with cardiovascular illnesses (Wilbert et al. 2011). 

This constant disease portrayed by low bone mass and decomposing of bone structure 

that causes bone delicacy and expands the danger of fracture. For down to earth 

purposes, the World Health Organization has characterized osteoporosis as a Bone 

Mineral Density (BMD) which accounts more than 2.5 standard deviations (SD) 

beneath the mean for typical youthful women. People with osteoporosis are at high 

danger of enduring at least one fracture and wounds that can frequently be physically 

crippling and possibly prompt a descending winding in physical and psychological 

well-being (Wilbert et al. 2011). 

          To summarize, osteoporosis is the most widely recognized type of the malady, 

influencing a large portion of the skeleton (Pooneh et al. 2012). Osteoporosis can 

likewise occur in a limited part of the skeleton because of a damage or conditions that 

lessen muscle powers on the bone, for example, appendage loss of motion. There are a 

wide range of kinds of osteoporosis. The most widely recognized type of osteoporosis 

is known as "essential osteoporosis" that is, osteoporosis that is not caused by some other 

particular issue. Bone misfortune is caused by particular sicknesses or meds is alluded 

to as "optional osteoporosis." (David et al. 2002). 

Aims of the study 

          As far as we are aware, no study has investigated in our locality population 

(Duhok governorate) determining the relationship between total plasma levels of 

homocysteine (tHcy), folate (folic acid), Vitamin B12 and Vitamin D3 and 

osteoporosis.  The   goal of the present study is to demonstrate the consequence of total 

plasma levels of homocysteine, folic acid, vitamin B12 and vitamin D3 on the 

prognosis and as a risk factor for the development of osteoporosis among menopaused 

women in Duhok city. 
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          The main aims of the present study are to: 

1. Measurement of total plasma level of homocysteine in postmenopausal women in 

Duhok city. 

2. Measure the effects of varying levels of vitamin B12 and its role in lowering tHcy 

levels as well as controlling progression of osteoporosis. 

3. Measure the plasma level of folic acid for the study participants.  

4. Measure the plasma level of vitamin D3. 

5. Evaluate the relationship between plasma total homocysteine concentrations and 

other nutritional elements as a risk factor for developing osteoporosis in (patients) 

woman enrolled in this study
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1. REVIEW OF LITERATURE  

1.1  Osteoporosis 
 

          Human skeleton is not a dormant structure. It is a functioning body part consist 

of cells and tissues in a consistent condition of evolve all through a life. The dominant 

part of bone tissue mass is gained amid the development period of bone improvement. 

The Peak Bone Mass (PBM) is the greatest measure of bone procured (Juan Lu et al 

2016). (60 % to 80%) of PBM is dictated by hereditary qualities, while the staying 

(20% to 40%) is impacted by way of life factors fundamentally through nourishment 

and physical action. It is vital to accomplish most extreme PBM at a youthful age (under 

30 years old) with the end goal to secure the skeleton against dynamic bone misfortune 

related with maturing (Elizabeth et al 1993). In elderly, several physiological changes 

take place and causing the initiation of bone loss, consequently leading to increase the 

possibility of hip, wrist and spine fractures (Kathryn et al 2011). 

          Previously, researchers concluded that numerous variables improve the 

healthiness of bone. The bone is a dynamic structure in a consistent condition of 

renovating. The arrangement of bone exceeds its resorption for the most part in the 

early stage of life when the age upper most, bone mass is accomplished, thus, resorption 

of bone tissue is supported and misfortune of bone tissue results (Clarke et al 2013). 

The process of osteoporosis is a ceaseless, multifactorial turmoil described by low bone 

mass and smaller scale structural crumbling of bone tissue (Joyce et al 2004). 

Crumbling of bone quality inclines influenced people to an expanded danger of 

delicacy fracture (Clarke et al 2013). The most widely recognized osteoporotic fracture 

destinations are the hip, spine and wrist (Figure 1.1), with both hip and spine fracture 

joined by significant inability and expanded horribleness and mortality (Clarke et al 

2013), nevertheless expanded social and monetary weight (van Wijngaarden et al 

2012). 
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Figure 1.1 Common sites for fracture in Osteoporotic women  

(adopted from: http://arcenter.net/most-common-sites-of-fractures-seen-in-white-women-with-

postmenopausal-osteoporosis/) 

 

          This weight is relied upon to increment considerably in Europe in the coming 

long time because of an ascent in future (Kanis et al 2010). Calcium and Vitamin D3 

as a combined supplementation have been demonstrated to reduce bone disorders and 

the occurrence of fracture (Caryl 2010). In any case, it is conceivable that nourishing 

elements not normally connected with bone health could assume a defensive role for 

bone. Affiliation ponders have distinguished nutrients acknowledged with fractures or 

bone mineral density (Bahtiri et al 2015). Developing evidence in gatherings of normal 

people proposes a defensive relationship of certain B Vitamins, specifically Vitamin 

B12 and folate, an adverse impact of homocysteine and the 677C_T polymorphism in 

the quality encoding the folic acid utilizing methylene tetrahydrofolate reductase 

(MTHFR) chemical (Zhaoli Dai et al 2015). It is reported that the primary determinants 

in the metabolism of homocysteine is resulted from low dimensions of Vitamin B12 

and folic acid, consequently, low bone mineral density (BMD) and a higher danger of 

fractures in the elderly women will take place (Yougen Wu et al 2017). 

http://arcenter.net/most-common-sites-of-fractures-seen-in-white-women-with-postmenopausal-osteoporosis/
http://arcenter.net/most-common-sites-of-fractures-seen-in-white-women-with-postmenopausal-osteoporosis/
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          Investigations of randomly controlled preliminaries have demonstrated that folic 

acid as a supplement (0.5mg– 5mg / day) has brought about lessening the levels of 

homocysteine in blood up to (25%); the co-supplementation of folic acid and Vitamin 

B12 (0.5mg – 5 mg/day and 500 mcg / day, individually) furnished a further decrease 

of 7% with a decline in serum add up to homocysteine by 32% (Andrew et al 1999). It 

also realized that the level of serum homocysteine is directed by vitamin B12 and folate, 

and supplementation with these nutrients diminishes serum homocysteine levels. 

Furthermore, it has been realized that folic acid, Vitamin B12, Vitamin B6 and 

riboflavin are associated with the digestion of an S-containing amino acid, 

homocysteine. Homocysteine digestion interfaces the methionine cycle with the folate 

cycle. People with hyperhomocysteinuria display various skeletal deformities, 

including diminished BMD and osteopenia (Johan Sundstrom et al 2003). 

 

1.2  Definition of Homocysteine 
 
          It has been stated that the source of homocysteine is originated as a result of 

methionine breakdown, which is one of the basic amino acids utilized for protein 

amalgamation. Additionally, homocysteine can be changed over to cystathionine with 

Vitamin B6 and later to amino acid cysteine. On the other hand, with assistance from 

vitamin B12, homocysteine can also be re-methylated to methionine (Bahtiri et al 

2015). The last response is catalyzed by methionine synthase and requires 5-

methyltetrahydrofolate, the key flowing type of folic acid and Vitamin B12 in its co-

factor frame, called methyl cobalamin. The development of 5-methyltetrahydrofolate 

is catalyzed by the MTHFR catalyst (Clarke et al 2013). 
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          The process of changing homocysteine to methionine is the exchange of a methyl 

bunch from 5-methyltetrahydrofolate to homocysteine, catalyzed by the Vitamin B12-

subordinate chemical methionine synthase. Decreasing hoisted homocysteine levels 

through supplementation of folate and Vitamin B12 could hypothetically guarantee 

appropriate bone health and counteract osteoporosis (Bahtiri et al 2015). 

1.3  Women and osteoporosis 
 

          Women are more vulnerable to osteoporosis since bone loss turns out to be faster 

after menopause particularly when sex hormones level are diminished. In general, 

women have littler bones than men with loss of bone tissue proceeding for more, 

making delicacy fracture more probable (National Osteoporosis Society 2016). 

1.4  Impact of B Vitamins and Homocysteine on Bones 
 
          The term osteopenia is characterized as the stage before osteoporosis according 

to criteria of World Health Organization (WHO). osteoporosis is a state of expanded 

bone delicacy and vulnerability to fracture because of the loss of bone mass. Bone 

Mineral Density (BMD) communicated as the measure of minerals found for given 

zone/volume of bone, is a helpful marker for assessing bone mass and is related with 

osteoporotic fracture threat clinically (World Health Organization 1994). Threat factors 

are for the most part aggregate and incorporate microarchitecture and bone geometry, 

balance, portability, muscle quality and ecological components (Charles et al 2012) 

(Figure 1.2). 
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Figure 1.2 Factors affecting total plasma Homocysteine levels  

(Adopted from https://www.fxmedicine.com.au/blog-post/homocysteine-homeostasis) 

 =       One direction effect 

     =  Double direction effect 

 

 

          Bone microarchitecture, notwithstanding bone thickness, is additionally 

imperative for deciding the healthy status of bone tissue. It is also suggested that a 

decreased number of trabeculae and its expanded portion lead to increased risk of bone 

fracture (Valentina Fratoni et al 2015). 

          In elderly people, osteoporosis is the main source of bleakness and mortality 

(Anne et al 1997). As to universality of osteoporosis in Europe, it is evaluated that 

continuously 2050, the quantity of people to be influenced will be in excess of 30 

million (Sang et al 2012). Osteoporosis impacts personal satisfaction, and future on the 

grounds that the real result of osteoporosis is bone fragility, and fracture of hip are 

particularly connected with regulation and expanded mortality. In the last two decades, 

around nine million bone fractures occurred around the world, prompting lost 5.8 

million incapacity balanced life-years (Johnell et al 2006). 

https://www.fxmedicine.com.au/blog-post/homocysteine-homeostasis
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          Because of an ascent in future the monetary weight of osteoporotic fractures in 

Europe is relied upon to increment significantly in the coming decades. Osteoporotic 

subjects state to a gathering of people in danger, and therefore, there is developing 

enthusiasm among researchers and clinicians to scan for particular supplements fit for 

guaranteeing great bone health and anticipating sickness related skeletal difficulties 

(Johnell et al 2006). 

          Up to this point, calcium and Vitamin D3 have been viewed as the essential target 

of wholesome anticipation of osteoporosis. It has been risen that different supplements 

are similarly expected to keep up solid bone. Specifically, albeit more examinations are 

required, the best possible admission of B vitamins may enhance bone health. There 

are numerous speculations that clarify the potential role of B Vitamins as well as 

homocysteine in bone health (Clarke et al 2013). 

1.5 Epidemiology of Osteoporosis 
 

          Menopausal osteoporosis is a noteworthy worldwide general medical issue. Post-

Menopausal Osteoporosis (PMO) is a ceaseless and dynamic ailment described by low 

bone mass, miniaturized scale engineering bone decay and diminished bone quality that 

prompt expanded bone delicacy and a resulting increment in fracture risk (Mc Clune et 

al 2010). It is a silent illness much of the time without any manifestations until the point 

that fracture take place. One out of three women will support a vertebral break over age 

65 years old. One of three women will support hip break (5– 30% death rate). 

Trabecular bones are influenced sooner than cortical bone. Basic destinations of 

fractures are vertebrae, distal spine and femoral neck. Half of every post-menopausal 

women will have an osteoporosis-related crack amid their lives, incorporating one-

quarter with vertebral disfigurement and 15% with a hip fracture. Researches propose 

that about portion of all women over 60 years old involved with minimum one fracture 

because of osteoporosis (Mc Clune et al 2010). 
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          The World Health Organization (WHO) has recognized osteoporosis as a noteworthy 

general health fear because of its high pervasiveness and the genuine result of osteoporotic 

cracks (Urvashi et al 2015). 

1.6 Risk Factors for Osteoporosis 
 
1. Elderly age (Menopaused age in women). 

 

2. Diet (e.g.) diminish in dairy items. 

 

3. Smoking. 

 

4. Race, little body outline, early menopause, multiparity, drawn out time of lactation with 

insufficient calcium admission, family ancestry of osteoporosis. 

5. Lifestyle, over the top liquor utilize, inactive way of life. 

 

6. Associated medical conditions (e.g.) hyperthyroidism, hyperparathyroidism, chronic renal 

failure. 

7. Drugs (e.g.) fundamental corticosteroids, heparin and anticonvulsant (Maeda 

et al 2014). 

 

1.7  Pathophysiology of Menopausal Osteoporosis 
 

          The skeleton comprises of two kinds of bones: Cortical bone establishes 80% of the 

aggregate bone, while 20% is cancellous (trabecular) bone. The trabecular bone comprises of 

dynamic osteoblasts, indolent osteoblasts and osteoclasts. Cortical bone is in the poles of long 

bones and external layers of practically all bones. Cancellous bone is during the bones of 

middle skeleton and in the surfaces of long bone (Urvashi Verma et al 2015).  

          Skeleton mass continuously increments amid development and is at its most extreme 

somewhere in the range of 18 and 35 years old. It is known as pinnacle grown-up bone mass 

which is 25 to 30% higher in men. Bone reforming takes places throughout life. It comprises 

of recovery corruption and fix enabling harmed issues that remains to be worked out 

supplanted by new bone. Bone comprises of an extensive collagenous network which is 
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impregnated with mineral salts and populated by cells. The lattice is made out of sort I 

collagen lying in a muco-polysaccharide ground substance there additionally little measure 

of non-collagenous protein fundamentally as proteoglycans and the bone-particular proteins 

osteocalcin and gamma carboxy-glutamic acid (GLA) protein, whose work is obscure. 

Gamma carboxy-glutamic acid protein is delivered just osteoblasts and its focus in the blood 

is to some degree a proportion of osteoblastic activity. The unmineralized grid is known as 

osteoid (Urvashi et al 2015). 

          Bone minerals, which possesses a large portion of the bone volume, comprises 

predominantly of calcium and phosphorus as crystalline hydroxyapatite. In develop bone, the 

extent of calcium and phosphorus is steady and the atom is immovably bound to collagen. 

Bone cells consist of four types as follows: 

1. Osteoblasts. 

 

2. Osteocytes. 

 

3. Osteoclasts. 

 

4. Lining cells. 

 

          Pinnacle grown-up bone mass occurs about the age of 30 to 35 for cortical bone and 

prior for trabecular bone. Rate of bone arrangement and resorption is generally low and 

roughly equivalent. Over the age of 40 years old, resorption starts to surpass development by 

0.3 to 0.5% every year in both genders (Urvashi et al 2015).  

          In women around menopause, quickened loss of cortical bone is superimposed on the 

age-related misfortune. Up to 5% of trabecular bone loss every year and 1 to 1.5% of cortical 

bone mass loss occur after menopause (Urvashi et al 2015). 

Bone loss that take places in the beginning 15 years after menopause is owing to estrogen 

insufficiency as opposed to maturing. From that point onward, it proceeds with age-related 

misfortune and menopause-related bone loss (Urvashi et al 2015). 

          Correct system of menopausal osteoporosis has not been totally characterized. Protein 
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and micronutrient insufficiency are thought to add to this disease. Calcium ingestion 

diminishes with age. High salt in routine eating is probably going to increment urinary 

calcium discharge. Increment assimilation of calcium most likely optional to estrogen 

prompted upgrade of the capacity of 1, 25 (OH) 2D (Wiley Online Library 2014). 

          There is an immediate connection among the improvement of osteoporosis and absence 

of estrogen after menopause. It is also recorded that after the process of menopause, bone 

resorption outpaces the working of new bone. Early menopause and any delayed periods in 

which hormone levels are low and menstrual periods are missing or inconsistent can cause 

loss of bone mass. Menopause builds a women’s danger of developing osteoporosis. It is 

evaluated that around 10 % of bone mass is lost in the first 5 years after menopause (USPSTE 

2014). 

          Estrogen hardship at the season of menopause is related with an expanded bone 

turnover that continues in the elderly people and that can be diminished to premenopausal 

dimensions with estrogen substitution treatment in youthful women yet, in addition, in late 

postmenopausal women (Nelson 1999). 

          In elderly women, expanded dimensions of biochemical markers of bone turnover, also 

bone resorption have been appeared to be related with an expanded danger of hip fracture 

autonomously of BMD, potentially on account of trabeculae puncturing that diminishes bone 

strength (Medical Advisory Secretariat 1996). Thus, the connections between low estradiol 

and expanded fracture hazard could be intervened through an expansion of bone turnover. As 

far as the study is concerned, no examination has investigated, in a similar populace, the 

connection between bone turnover, hormonal dimensions, and fracture chance (van Daele 

1996). Furthermore, most imminent investigations taking a gander at the determinants of 

cracks have been performed in elderly women (as a result of high rate of osteoporotic 

fractures), yet the role of the leftover emission of steroids will probably assume a role in more 

youthful postmenopausal women (Joyce et al 2004). 

1.8  Complications of Homocysteine 
 

          In the all-inclusive community, to some extent, lifted plasma levels of homocysteine, 
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named hyperhomocysteinemia, is a typical condition. Hyperhomocysteinemia is perceived 

as a noteworthy hazard factor for atherosclerotic and thromboembolic sickness and in 

addition for psychological impedance, incorporating that found in Alzheimer's illness 

(Chambers et al 2001). Although  few investigations recommended the conceivable inclusion 

of expanded plasma homocysteine levels in age-subordinate bone loss, the role of decently 

raised plasma homocysteine levels in a woman of the skeletal framework specifically in 

patients with intrinsic homocystinuria, which is a condition described by high plasma 

homocysteine (Hcy) concentrations (Dhonukshe et al 2004).  

          Homocysteine is thought to meddle with collagen crosslinking, bringing about low 

quality of bone and expanded helplessness to fracture (Andrew et al 1973). It isn't clear, 

regardless of whether these outcomes are straightforwardly pertinent to ordinary varieties of 

Hcy and whether hyperhomocystinemia prompts osteoporosis by a comparable component 

in the overall population. It is recorded that the patients with hyperhomocystinemia, were 

found to decidedly relate with urinary deoxypyridinoline, which is a marker for bone 

resorption, recommending that expanded bone resorption might be associated with Hcy-

incited osteoporosis (Paul Gerdhem et al 2006). Homocysteine has been appeared to be a 

powerful expert oxidant (Neetu et al 2011). In this way homocysteine may animate osteoclast 

arrangement and osteoclast action through expanding the age of intracellular reactive oxygen 

species (ROS). To test this theory, scientists analyzed the immediate impacts of Hcy on 

osteoclast arrangement and osteoclast movement and its component of activity. likewise tried 

whether a cell reinforcement, N-acetyl cysteine (NAC), could obstruct the impacts actuated 

by Hcy (Jung-Min Koh et al 2006). 

1.9  Forms of Homocysteine (Hcy) in Plasma 
 
          Homocysteine in plasma are found in various forms including: (Figure 1.3) (Hieronim 

Jakubowski 2013). 

 

1. Free Homocysteine. 

2. Protein-bound Homocysteine (S-linked, and N-linked). 

3. Oxidized forms of Homocysteine. 
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4. Homocysteine – thiolactone. 

          In plasma under physiological pathways, below 1% of aggregate homocysteine (tHcy) 

is available in independent free shape including (SH group). On the other hand, around 10%– 

20% of total homocysteine are present as homocysteine dimer in plasma, i.e., tHcy has been 

found in many oxidized forms. However, the dominant part of plasma tHcy (80%– 90%) is 

N-linked and S-linked to plasma proteins particularly γ-globulins or serum albumin 

(Hieronim Jakubowski 2013).  

          The main techniques applied to measure the plasma level of homocysteine in various 

organic specimens could be classified into enzymatic examinations, chromatographic 

strategies and mixed methods by enzymatic response pursued by an immunoassay. The 

grouping of total homocysteine (tHcy) can similarly be surveyed by narrow electrophoretic 

methods with an appropriate discovery framework (Bogdan N. Manolescu et al 2010). 

 

 
 

Figure 1.3 The diagrammatic structure of homocysteine, homocysteine-thiolactone, 

methionine and N-S - homocysteinylation of proteins 

(adopted from https://www.researchgate.net/figure/The-structure-of-methionine-homocysteine-homocysteine-

thiolactone-homocysteine-TL_fig2_309344580). 

  

https://www.researchgate.net/figure/The-structure-of-methionine-homocysteine-homocysteine-thiolactone-homocysteine-TL_fig2_309344580
https://www.researchgate.net/figure/The-structure-of-methionine-homocysteine-homocysteine-thiolactone-homocysteine-TL_fig2_309344580
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          In human the ranged total homocysteine in plasma is referenced (5 – 10μml/L). Under 

normal physiological conditions, plasma homocysteine concentrations dose not surpass 

(15μml/L). Researchers found out that an increasing in plasma homocysteine is showed as 

hyperhomocysteinemia (hHcy). A few sorts of hHcy are characterized in connection to the 

tHcy concentrations: 

1. Moderate (15– 20 μml/L). 

2. Intermediate (20 – 30 μml/L). 

3. Severe (more than 30 μml/L) (Cheng Ji et al 2004). 

 

          Serious hHcy take places in homocystinuria, an inborn metabolic confusion described 

by an insufficiency of CBS (Cystathionine β-Synthase) enzyme potency. Influenced patients 

demonstrate plasma centralizations of homocysteine that could recorded up to 500 μM. 

Furthermore, elevation of plasma homocysteine level may be endogenous as a result of 

impotency or inadequate number of enzymes which have a great role and control the 

homocysteine metabolism pathways (compounds have a direct effect on coding subjects 

associated with homocysteine digestion) particularly Cystathionine β- Synthase enzyme 

(CBS), MS and methyl tetrahydrofolate reductase enzyme (MTHFR). Additionally, 

substances could directly affect homocysteine recycling named exogenous molecules for 

instances dietary insufficiency of each of folic acid, vitamin B complexes particularly 

Vitamin B12, vitamin B6. On the other hand, inadequate amounts of proteins like cysteine 

and methionine in the circulating blood (Bruno et al 2013). These dietary substances interfere 

and managing the biochemical pathways through methylation of homocysteine and recycling 

back to methionine by gathering the methyl group. Supplementation with normal folic acid - 

rich substances or foods, folate and N-5-methyl THF achieved a comparative decrease in 

plasma homocysteine concentrations (Iris et al 2002). Researches demonstrated that the 

supplementation with vitamin B12 and folic acid is the most successful mechanism to 

diminish plasma tHcy level in elderly particularly menopaused women. Whatever, any 

significant decrease in the action and performance of MTHFR enzyme, Hcy could not be re-
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methylated to Methionine which subsequently lead to aggregation of homocysteine in the 

blood. People over twenty, unique polymorphisms in MTHFR quality have been portrayed, 

however two of them are the most widely recognized ones which are C677T and A1298C 

(Bernard et al 2003). The main function of the MTHFR C677T polymorphism has been 

considered in various research centers and its role as a risk factor for ischemic stroke and 

other cardiovascular disorders. Expanded p l a s m a  Hcy levels are related to few issues 

which influence central nervous system. Additionally, Hcy level increments with age, at any 

rate to some extent because of the expanding inadequate amounts of vitamin B12 seen in the 

elderly, as result for the most part by its poor ingestion from sustenance, furthermore, because 

of declining renal capacity. More seasoned individuals have greater commonness of protein 

oxidation and DNA sores uncovering that the maturing tissues, for example, endothelium or 

mind experience the diseases effects of aggregated oxidative harm amid life (Bayani et al 

2009). 

1.10  Homocysteine Metabolism 
 

          Methionine is classified under the group of essential amino acid that is given as 

ingested as protein sustenance. Due to degradation of proteins in human stomach, Methionine 

is released as a final product. In addition, Methionine will be absorbed by the epithelial cells 

of GIT and transported to different body organs via blood circulation (Figure 1.4). 

Furthermore, Methionine is processed by two main pathways (Jakubowski 2013). 
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https://www.researchgate.net/figure/The-schematic-overview-of-homocysteine-metabolism-and-its-relationship-with-folic-acid_fig1_309344580
https://www.researchgate.net/figure/The-schematic-overview-of-homocysteine-metabolism-and-its-relationship-with-folic-acid_fig1_309344580
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1. As a building block to produce new proteins in cellular ribosome. 

2. As a forerunner of S-adenosyl methionine (Ado-Met), a general contributor that gives 

methyl group to organic methylation responses and propyl bunches for polyamine 

biosynthesis (both got from Methionine). 

          In metabolic mechanisms (1) and (2), Methionine is activated by responses with ATP, 

yet in a pathway-specific way: the carboxyl group of Methionine is passed in pathway (1), 

while the thioether sulfur molecule is initiated in pathway (2). 

          It is clear that in the second methionine metabolism pathway, methionine will stimulate 

Hcy synthesis (Figure 1.4). The exchange of methyl group of methionine to an acceptor which 

is called adenosylmethionine (Ado-Met). Then, (Ado-Met) is over changed to S-

adenosylhomocysteine (Ado-Hcy). Finally, by the action of reversable enzymatic hydrolysis 

of Ado-Hcy, the new product which is Hcy is produced (Pauline et al 2002). 

          The process of re-methylation of Hcy to Methionine is managed by catalyzation of 

protein MS, and two-advance trans-sulfuration to cysteine. The first process of which is 

catalyzed by the enzyme Cystathionine β synthase (CBS), while the second step is catalyzed 

by cystathionine γ-lyase (CSE). It is confirmed that vitamin B12 and 5,10-

methyltetrahydrofolate (CH3-THF), which are activated by gene MTHFR are required for 

the process of re-methylation of Hcy to Methionine (Brattstrom et al 1998). An elective re-

methylation pathway is catalyzed by betaine-Hcy methyltransferase (BHMT). The trans-

sulfuration requires vitamin B6. whereas re-methylation by MS take place in each organ of 

the body, re-methylation by BHMT and trans-sulfuration by CBS are constrained to the liver 

and kidneys. Hcy can similarly respond oxidatively with different thiols, chiefly sulfhydryl 

gatherings of extracellular proteins to shape blended disulfides (S-Hcyprotein) (Francien s et 

al 2005). 
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1.10.1 Pathways of Hcy-thiolactone 

 
1. Homocysteine that obtained by catalyzation of intracellular and extracellular Hcy 

thiolactonases is called a hydrolytic pathway. It is also named bleomycin hydrolase and 

paraxonase independently. 

2. A manufactured pathway in which Hcy-thiolactone responds synthetically with 

protein lysine buildups determining N-Hcyprotein (Francien et al 2005) (Figure 1.4). 

1.11  Treatment of Hyperhomocysteinemia 
 
          Treatment of homocysteinemia at the beginning period of finding is 

exceptionally basic as it helps in counteractive action of further complexities of high 

Hcys. For the counteractive action and treatment, the sort of homocystinuria - 

homocysteinemia, existing in the patients. For type I homocystinuria, the suggested 

treatment is a methionine-low eating regimen and admission of cystine supplement. In 

the event that the patients are vitamin B6 responsive, admission of vitamin B6 is 

valuable. The treatment with the supplementation of vitamin B12 and folate is useful 

in the event of patients with sorts II, III or IV i.e.  moderate, intermediate and severe 

homocystinuria respectively, on the weakest occasion, they have just healthful 

insufficiency of the vitamins. Betaine as well as methionine supplementation is 

additionally valuable in these sorts if there is an insufficiency of useful methionine 

synthase or thermostable MTHFR. The dimensions of methionine must be observed, as 

an abundance of methionine could itself cause homcoysteinemia (Ramakrishnan et al 

2006). Moreover, because of oxidant stretch, cancer prevention agent GSH was 

observed to be less in patients with homocystinuria of the considerable number of sorts. 

In this way, treating these patients with GSH may be useful in working up cancer 

prevention agent barrier in all the types (Rajan et al 2012) 
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1.12  Role of Calcium in Human Body 

          Calcium is regarded as a crucial mineral for human health and is important for 

numerous cellular metabolisms. it is confirmed that calcium is the main component of 

skeletal structure. Furthermore, it is also crucial for other body functions such as normal 

cardiovascular function, neuromuscular activity and blood coagulation. Researchers 

have found out that under the effect of parathyroid hormone, calcium is deposited from 

bone to blood circulation to compensate the decreased plasma level throughout the life. 

It is stated that approximately 99% of body calcium represents as a solid mass stored 

in bones and teeth while the remaining which about 1% is present in plasma and extra 

cellular fluid. In addition, all body physiological actions are performed by the calcium 

that found in plasma and ECF. Supplementation of daily calcium is essential to keep 

this balance. Finally, ingested calcium will be absorbed in the small intestines by the 

action of vitamin D3. On the other hand, kidneys have a great role in excretion the 

excess amount of calcium (Bringhurst et al 2005). 

 

1.13  Effect of Vitamin D3 in Osteoporosis 
 

          Vitamin D3 is classified as lipid soluble vitamins and have a great role in bone 

maintenances. It is clear that the regulation of intestinal calcium absorption and the 

stimulation of bone resorption are the main function of vitamin D3 (Reid et al 2003). 

The main sources of vitamin D3 is direct exposure to sunlight as well as eating diet rich 

in vitamin D3 and as a supplement. Recent studies concluded that the majority of 

population (approximately 90%) aged between 50 - 70 years old are not getting 

adequate vitamin D3 and suffering from vitamin D3 deficiency (Avenell et al, 2005).  

          In terms of Sunlight exposure, the 7 dehydrocholesterol, which is normally 

present under the skin, is absorbed the directed sunlight or ultraviolet B (UVB) 

radiation. Consequently, pre-vitamin D3 is formed. This product is unstable and rapidly 

converted to inactive vitamin D3 by heat (Mac Laughlin et al 1982).  

          Then, inactive vitamin D3 transported to extracellular space and then reach to 

blood capillaries and move toward the liver after combining with vitamin D3 binding 
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protein (DBP). Thus, in the liver the first hydroxylation process will take place to form 

25-hydroxyvitamin D3 [25(OH)D]. Secondly, it moves from liver to kidneys 

particularly to renal tubules cells via vitamin D3 binding protein (DBP). As a result, 

the second hydroxylation pathway will occur to make 1,25-dihydroxyvitamin   D 

[1,25(OH)2D], which is biologically the active form of vitamin D3 and has an essential 

role for calcium homeostasis (Holick 2005). 

 

1.13.1 Calcium and Parathyroid hormone axis 
 

          The extracellular ionized plasma calcium (ECF-Ca2) are directly affected by 

various biological substances for instance hormones (parathyroid hormones) and 

vitamin D3 (Figure 1.5). Both form of Vitamin D3, plant form (vitamin D2; 

ergocalciferol) and animal form (vitamin D3; cholecalciferol) in the eating routine and 

integrated in the skin (vitamin D3) respectively. Vitamin D2 and vitamin D3 are 

organically exchangeable in spite of the fact that they vary in their rates of digestion. 

 

Parathyroid hormone is produced by para-thyroid gland which is a significant controller 

of 1,25(OH)2D generation (Parfitt 1987). 

 

Figure 1.5 The parathyroid hormone and Calcium axis 

(Adopted from https://www.researchgate.net/figure/The-parathyroid-hormone-vitamin-D-

axis_fig1_12337733). 

https://www.researchgate.net/figure/The-parathyroid-hormone-vitamin-D-axis_fig1_12337733
https://www.researchgate.net/figure/The-parathyroid-hormone-vitamin-D-axis_fig1_12337733
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1.14  Folate (Folic Acid) 
 

          Folates involve a group of synthetically created mixes dependent on the folic acid 

structure (figure 1.6). In metabolic pathways folic acid in a soft tissue play as an 

acceptors and donors of one carbon unite, this process is known as one carbon 

digestion. The oxidation process of methanol (5-methyl-tetrahydrofolate), 

formaldehyde (5,10 - methylene - tetrahydrofolate) or organize (5- or 10 – formyl - 

tetrahydrofolate or 5,10 - methenyl-tetrahydrofolate) is under the effect of one carbon 

digestion process (Barry 2008). 

 

 
Figure 1.6 Structure of folic acid 

(Adopted from http://watcut.uwaterloo.ca/webnotes/Metabolism/FolateB12.html) 

 

          For all intents and purposes all folic acid in tissues are poly glutamate shapes in 

which the glutamate tail is broadened by means of the gamma-carboxyl of glutamate. 

Transformation of folates to poly glutamates of chain length is more needed for variable 

maintenance of tissue folic acid (Barry 2008). 

  

http://watcut.uwaterloo.ca/webnotes/Metabolism/FolateB12.html


CHAPTER ONE:  REVIEW OF LITERATURE 
24  

1.14.1 Biochemistry of Folic Acid 

 

           Generally, folate does not occur in nature and is once in a while found in 

unfortified sustenance, and is not a functioning type of the coenzyme. It is the most 

well-known type of folate utilized in enhancements and in braced sustenance items 

since it is very bioavailable, artificially steady, and is promptly reduced to 

tetrahydrofolate, the dynamic co-enzyme type of folic acid. Nourishment folic acid 

ordinarily happen in a diminished, poly-glutamyl frame. Prior to ingestion, they are 

severed to their mono-glutamyl shapes by a brush outskirt glutamyl-hydrolase, some 

of the time called intestinal folic acid conjugase (Charles et al 2007). Folic acids are 

invested in the proximal small digestive system by a saturable, pH-delicate transporter. 

Most dietary supplementation folic acid in daily food, and folic acid in the eating 

routine, is utilized to 5-methyl-tetrahydrofolate amid its section over the intestinal 

mucosa. At the point when elevated dosages of folic acid are devoured, some highlight 

in the fringe dissemination unaltered. The bioavailability of folic acid is near 100% 

when devoured on a vacant stomach. Large dosages of folic acid and different folates 

are all around consumed and can result in a high plasma nutrient dimension. In any 

case, these fall quickly as the renal limit is surpassed, and a significant part of the 

portion is discharged within 24 hours. In spite of the fact that plasma folate levels more 

than multiple times can be accomplished, tissue folate levels just increment 

insignificantly, regularly under 2-overlay because of the constrained capacity of tissues 

to use these substantial portions to the polyglutamate frames needed for folate 

maintenance (Andong et al 2006). 

          Plasma folate mono-glutamate is transported into body tissues by means of the 

lessened folate transporter. This universally communicated bearer has poor partiality 

for folic acid, and is particular for decreased folates.  An unmistakable high-fondness 

folate transporter known as folate-binding protein, or the folate receptor, is 

communicated in a more constrained scope of tissues (Larry et al 2008).  

 



CHAPTER ONE:  REVIEW OF LITERATURE 
25  

1.14.2 Functions and Bioavailability Folates 
 

          Folic acid acts as a co-enzyme in three main interrelated metabolic pathways in 

the cellular cytoplasm. These pathways are needed for the mixture of purines and 

thymidylate, which is playing an important role in the formation of DNA and RNA 

(Figure 1.7), as well as for the combination of methionine from remethylated 

homocysteine and the interconversion of serine and glycine. 5,10-Methylene-

tetrahydrofolate assumes a focal role in these pathways. Despite the fact that these 

engineered pathways are situated in the mammalian cells cytoplasm, additionally 

contain a vast mitochondrial folate pool, which is likewise associated with the 

arrangement of one-carbon antecedents for cytosolic one-carbon digestion (Planells et 

al 2002). 

1.15  Vitamin B complex classification 

          The B vitamins are classified as a water soluble vitamins which are found as a 

complex furtherly divided into eight different categories namely B1, B2, B3, B5, B6, 

B7, B9 and B12 which are thiamine, riboflavin , niacin or called (nicotinic acid amide 

or nicotinamide), pantothenic acid, pyridoxine, biotin, folate (folic acid) and cobalamin 

respectively. Generally, Vitamin B complex have an enzymatic action in various body 

metabolisms. B vitamins can be obtained from both animal and plant sources. Usually, 

several diseases resulted as a consequence of any categories of B vitamin Deficiency. 

Recently, B Vitamins (particularly Pyridoxin (B6), folate and cobalamin), Vitamin D3 

and calcium are also engaged with bone maintenance (Valentina et al. 2014). A 

comprehensive eating routine can provide B Vitamins as it is important to keep the 

body solid, effectively achieving the suggested dietary admissions. In any case, people 

with lopsided food regimen have decrease in taking solid nourishments such as Grains, 

red meat, vegetables, eggs and dairy products. Although, B Vitamins are water-soluble, 

so any excess in its concentration will be discharged primarily by kidneys (Roy et al 

1998). 
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          Vitamin B12 is a category of vitamin B complex comprises of a focal cobalt 

molecule by a heme-like planer corrin ring structure with four-pyrrole nitrogen 

composed to the cobalt. (figure 1.8). Vitamin B12 presents only in animal sources, for 

instance, liver, red meat, eggs and dairy product. It is reported that there is no source 

of B12 vitamin in plant sources. Studies found out that the plasma level of Hcy is 

decreased by supplementation of B vitamins particularly B12 (Planells et al 2002). 

 

 1.16 Bone density scanning 
 

          A bone thickness check utilizing a densitometry X-beam (DXA), measures how 

much 'bone mineral' is in the area being estimated. Researches has been demonstrated 

that the lower patient’s bones are more susceptible for the risk of having a fracture. The 

sweep results are ordinarily given as a 'standard deviation' (SD) – the quantity of units 

above or underneath is normal. In the weakest cases the bone thickness   is 2.5 SD 

beneath normal, this could be described as osteoporosis. In the weakest occasions the 

patient’s bone thickness is between the lower end of the ordinary range and the 

Figure 1.9:  Figure 1.7 The basic components of Vitamin B 12 (Cobalamin) 

(Adopted from https://www.slideshare.net/DonRMuellerPhD/survey-of-the-bvitamins) 

https://www.slideshare.net/DonRMuellerPhD/survey-of-the-bvitamins


CHAPTER ONE:  REVIEW OF LITERATURE 
27  

'osteoporosis' it is called 'osteopenia' (National Osteoporosis Society 2016).  

          Osteoporosis estimated on a bone thickness examine is a risk factor for bone 

fracture. In the event that a bone thickness filter clarified precisely what was going 

inside your bones and how solid they were, checking could be utilized routinely to see 

who had and who hadn't 'got osteoporosis', who is probably going to have a fracture 

and who is requires an osteoporosis medicate treatment. Nonetheless, the circumstance 

is more entangled than this; patient’s bone thickness check result is definitely not an 

ideal proportion of patient’s bone quality and doesn't evaluate the 'quality' of patient’s 

bone tissue, just the 'amount' (Kanis 2007). 

1.17   Folic acid and Vitamin B12 
 
          Similarly, as with all category B vitamins, vitamin B12 assumes a functioning 

role in human digestion. Vitamin B12 changes over a type of folic acid to its dynamic 

shape by evacuating a methyl group. This procedure, enables folate to enter the TCA 

cycle. Therefore, vitamin B12 is utilized in the development of new cells. Vitamin B12 

assumes an imperative function in the union of DNA. It is a co-factor for the compound 

methionine synthase. This catalyst catalyzes the response that changes over 

homocysteine to the methionine protein. S-adenosylmethionine, produced using 

methionine, gives a methyl for DNA (Institute of Medicine U.S. 1998). 

1.18 Calcium and Vitamin D3 

 
          The adequacy of vitamin D3 and calcium treatment for the aversion of 

osteoporotic fracture is controversial. In a huge randomized preliminary by the 

Women's Health Initiative (WHI) agents including in excess of 36,000 postmenopausal 

women (Mark et al 2014).  

          Calcium (1000 mg of essential calcium supplementation day by day) in addition 

to vitamin D3 (400 IU day by day) does not significantly affect fractures, despite the 

fact that there was proof of advantage in subgroup examinations among women 60 

years old or more seasoned and among the individuals who were the follower to the 



CHAPTER ONE:  REVIEW OF LITERATURE 
28  

relegated regimen (Rebecca et al 2006). Subsequent meta-investigations of a few 

extensive preliminaries of both calcium and vitamin D3 supplementation have 

demonstrated a little decrease in fracture hazard, especially among the systematized 

elderly or those with a low admission of calcium or vitamin D3 (Mohammad et al 

2012). However, supplementation of vitamin D3 alone has not been appeared to lessen 

the danger of fractures or increment BMD, albeit littler preliminaries have proposed 

that day by day supplementation (yet not discontinuous high-portion supplementation) 

may humbly diminish the danger of falls (Erin et al 2014). Trials of supplemental 

calcium alone have been too little to illuminate impacts on fracture. In the WHI 

preliminary, women doled out to calcium with vitamin D3 had a 17% higher danger of 

kidney stones than women relegated to fake treatment, no doubt attributable to a high 

admission of calcium at benchmark (around 1150 mg for every day in each group). 

Standard proposals for most postmenopausal women with osteoporosis bolster an 

aggregate calcium admission of 1000 to 1500 mg for each day (through eating regimen, 

supplements, or both) and an aggregate vitamin D3 admission of 600 to 800 IU every 

day (Rebecca al 2006). 
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2. MATERIALS AND METHODS 

2.1 Study design and study period 

 
          This cross-sectional study was conducted at the Duhok Rheumatic Disease and 

Medical Rehabilitation Center, during the period of November 2017 until January 2018. 

A total of 186 women who visited the Osteoporosis unite in Duhok Rheumatic disease 

and Medical Rehabilitation center were registered in this study and they were living in 

areas around and inside Duhok province. Out of 186 patients, only (n=90) were 

suspected to have osteoporotic, while the others (n= 96) were not located under the 

standards of inclusion criteria for the current study (i.e. they were excluded). 

 

2.2 The population enrolled in this Study  

 
          The samples were collected randomly, according to inclusion criteria only 90 

samples were selected from patients and asked to participate in this study project. 

Respondents (osteoporotic women) were grouped into eight different classes on the 

basis of age, Waist circumferences (WC), Body mass index (BMI), plasma levels of 

Vitamin D3, vitamin B12, Folic Acid, Homocysteine and quartiles of T-Score. 

 

1. The participants (Osteoporotic women) were classified according to their ages into 

four groups with ten years interval between each class starting   from (40 – 50) (n 

=18), (51 – 60) (n=26), (61 – 70) (n=32) and (> 70) (n=14). 

2. Osteoporotic women with normal waist circumferences (< 88 cm) (n=17) and high 

Waist Circumference (> 88 cm) (n=73). 

3. The study population with normal Body Mass Index (BMI = < 25 Kg / m2) (n=9), 

overweight (BMI between 25 – 29.99 Kg / m2) (n=25) and obese (BMI = > 30 Kg / m2) 

(n=56).  

4. The osteoporotic group were classified into four groups depending on the Vitamin 

D3 levels starting from Deficient (< 9.99 ng / ml) (n=13), Insufficient (10 – 29.99 ng / 

ml) (n=63), Sufficient (> 30 ng / ml) (n=14). 
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5. The participants were grouped depending on the Vitamin B12 levels into two groups. 

Low vitamin B12 (0 – 199.9 pg / ml) (n=26), Normal Vitamin B12 (200 – 900 pg / ml) 

(n=64). 

6. Osteoporotic women were classified into two groups based on folic acid levels in the 

plasma. The first group were low (< 2 ng / ml) (n=21), while the second one was with 

normal folate levels (2 – 20 ng / ml) (n=69). 

7. The study participants (osteoporotic women) were classified according to the levels 

of Homocysteine into two main groups. The first measures (< 14 µ mol / L) (n=15), 

while the second group measure (> 14 µ mol / L) (n=75). 

8. The osteoporotic group were classified into three groups depending on the different 

quartiles of T-Score: 

T-Score ranging from (-2.5) - (-3.49), (-3.5) - (-4.5) and > (-4.5) represented (n=38), 

(n=21) and (n=31) respectively.  

2.3 Data Collection (Questionnaire) 

 
          A previously prepared questionnaire was designed for patients who participated 

in this study. the following information were included: 

1. personal information for instance patient name, years since menopause and address.  

2. Physical examination such as height, weight (using ordinary metric scale) and waist 

circumference measurement (using ordinary tape measure). 

3. Patient’s medication for example folic acid, vitamin B12 and vitamin D3. 

4. Chronic disease such as liver disease, kidney disease, parathyroid disease and 

diabetes mellitus. 

5. Others such as previous fracture, smoking and physical activities. 

2.4 Selected Criteria of Subjects 

          The selected study population depends on specific previously determined criteria 

described in inclusion and exclusion criteria. 
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2.5 Anthropometric measurements: 

 2.5.1. Body Mass Index (BMI Kg / m2) 

          It is known as a relationship between weight and height calculated by special 

formula. The BMI values were obtained from the DEXA report which is computerized 

with the machine and automatically formulated. To obtain the BMI for each subject, the 

height and weight measurement were used as follows: 

- Weight in kilograms (kg) divided by height in meter squared (m2).  

- The subjects were considered normal when BMI is less than 25 whereas those with 

BMI 25-29.9 were regarded overweight and the remaining patients with BMI ≥ 30 were 

considered as obese. 

2.5.2 Waist Circumference (WC) 

          The measurement started at the point around the abdomen crossing the umbilicus 

in centimeters using ordinary metric tape. According to WHO criteria, the normal waist 

circumference is less than 88 cm and more than 88 cm is regarded as abnormal. 

2.6 Total Body Fat Percent (TBF %): 

          The Total Body Fat Percent (TBF %) were obtained from the DEXA report 

which is computerized with the machine and automatically formulated. 

2.7 Inclusion criteria: 

• Menopaused women aged 40 and above 

• Osteoporotic women with T – Score -2.5 and more. 

• Patients not on study parameters medications particularly multivitamins containing 

vitamin B12, vitamin D3, folic acid. 

2.8 Exclusion criteria: 

• Normal and osteopenic women 

• Receiving of hormone replacement therapy. 

• Patients suffering from renal diseases 

• Patients suffering from liver disorders 

• Patients under the effect of chemotherapy 
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• Patients with type I and type II diabetes mellitus. 

• Patients on medication particularly multivitamins and antioxidants 

2.9 The diagnosis of osteoporosis 

          The diagnosis of osteoporosis is performed by calculating the total T – score from 

the DEXA report of patients involved in this study. the score of -2.5 and more is 

considered as an osteoporotic woman.  

2.9.1 Two types of scores are used to quantify bone mineral density: 

1. T – score is the value of patients mean BMD measurement comparing to the value 

of standard deviation, and the results is either below or above the normal young mean 

bone mineral density. 

2. Z – score Is the value of patients age – matched means BMD comparing to the value 

of standard deviation, and the results are above or below.  

2.10 Classification of bone loss according to WHO (Table 2.1): 

1- Normal bone mass: any value of T – score is recorded more than -1 is regarded as 

normal bone status. 

2- Osteopenia: in this case the T – score value is between -1 and -2.4. 

3- Osteoporosis: is the condition that T – score measured less than -2.5 

4- Severe osteoporosis: is the last stage of bone loss which is considered as an advanced 

osteoporosis with one or more bone fractures.  

Table 2.1 diagnosis of osteoporosis clinically according to WHO criteria 

(Adopted from https://www.tomwademd.net/aace-ace-tables-from-their-2016-guidelines-not-helpful-for-

shared-decision-making/) 

 

BMD T-score Diagnosis 

T-score ≥ -1 Normal 

-1 > T-score > -2.5 Low bone mass 

T-score ≤ -2.5 Osteoporosis 

T-score ≤ -2.5 with existing fracture Severe osteoporosis 

 

https://www.tomwademd.net/aace-ace-tables-from-their-2016-guidelines-not-helpful-for-shared-decision-making/
https://www.tomwademd.net/aace-ace-tables-from-their-2016-guidelines-not-helpful-for-shared-decision-making/
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2.11 Methods 

2.11.1 Collection of Blood Samples 

          In this study, patients diagnosed with osteoporosis by DEXA report were asked 

to participated as a volunteer and taking venous blood sample. All of the participants 

were fasting overnight as well as avoiding heavy physical activities before taking the 

samples. Around 4-5 ml of venous blood were collected between 9:00-12:30 A.M. from 

vein located in antecubital fossa using vacutainer AYSET EDTA 3 K (13 * 75 mm) 

ordinary tubes. After 30-60 minutes from blood collection, the plasma was separated by 

centrifugation using a HITACHI centrifuge (model O5P-21) at 2500 - 3000 rpm. After 

that, the harvested plasma samples were stored in deep freeze (-22) using 1ml Eppendorf 

tube labelled numerically for further analysis. 

          Finally, the stored plasma for each one was allowed to melt at room temperature, 

the prepared plasma used for detecting total homocysteine, vitamin D3, vitamin B12, 

calcium and folic acid by automatic clinical chemistry analyzer COBAS 6000. 

 2.12 Biochemical Analysis 

          In order to obtain sensitive and accurate results, the biochemical analysis of 

plasma samples were analyzed using autoanalyzer biochemical machine called 

COBASS series 6000 at Mazi Private Laboratories in Duhok city.  

 2.13 Overview 

          Autoanalyzer machine extended by Hitachi Japan’s company based on 

spectrometer technology. The technique is used to measure various biochemical 

parameters such as lipids, enzymes, proteins and electrolytes. In order to obtain an 

accurate and sensitive results, this system is broadly used by many private and public 

hospitals and clinics for diagnosis and comprehensive health examinations. 
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 Figure 2.1 Clinical chemistry (left) and immunoassay (right) Automated 

Analyzer (cobas 6000) 

(Adopted from http://www.hitachi.com/rev/pdf/2008/r2008_jan_001.pdf) 

          Furthermore, in the 1980s, the system has been improved due to high demand 

of evaluation of hormones and markers of cancer. Thus, immunoassay technique 

was developed because many of these biochemical substances are present in very 

low amount in blood and any other body fluids. 

 

 

 

 

 

Figure 2.2 Cobass 6000 Auto Analyzer 

(Adopted from https://www.selectscience.net/products/cobas-6000-chemistry-

analyzer-series/?prodID=114816) 

http://www.hitachi.com/rev/pdf/2008/r2008_jan_001.pdf
https://www.selectscience.net/products/cobas-6000-chemistry-analyzer-series/?prodID=114816
https://www.selectscience.net/products/cobas-6000-chemistry-analyzer-series/?prodID=114816
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 2.14 Measurement of Plasma total homocysteine (tHcy). 

 
          Detection of Plasma total homocysteine (tHcy) using Homocysteine Enzymatic 

Assay kit (Roche) according to company protocol instructions. 

• Homocysteine Enzymatic Assay 100 tests, System‑ID 07 7487 1, Roche / Hitachi 

cobas c 311, cobas c 501 / 502. 

• Homocysteine Calibrator Kit (2 x 3 mL) Code 590 

• Homocysteine Control Kit / Control 1 (2 x 3 mL) Code 254 

• Homocysteine Control Kit / Control 2 (2 x 3 mL) Code 255 

• Diluent NaCl 9 % (50 mL) System‑ID 07 6869 3 

(www.roche.com 2015-12, V 3.0 English).  

2.15 Plasma total folic acid (folate III) 

          Plasma total folic acid was detected using (folate III) (Roche) kit according to 

standard procedure from company instructions using cobas 6000 autoanalyzer. 

Reference number: 07559992 190 and Modular analytics E170 Cobas e 411, cobas e 

601 and cobas e 602. 

(www.roche.com 2018-03, V 1.0 English) 

2.16 Plasma total vitamin B 12 

          Measurement of plasma total vitamin B12 is identified using vitamin B12 III kit 

(Roche).  

Reference number 07212771 190 and Modular analytics E170 cobas e 411, cobas e 

601 and cobas e 602. 

(www.roche.com 2015-05, V 1.0 English) 

 

2.17 Plasma Vitamin D3 (25-Hydroxy vitamin D3) 

 
          The detection and evaluation of plasma vitamin D3 is performed by using 

Vitamin D3 total 25-Hydroxyvitamin D3 kit (Roche) with reference number 05894913 

190 and Modular analytics E170 cobas e 411, cobas e 601 and cobas e 602.  

http://www.roche.com/
http://www.roche.com/
http://www.roche.com/
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(www.roche.com 2014-11, V 5.0 English). 

2.18 Dual- Energy X-Ray Absorptiometry (DXA SCANING) 

 
          The golden standard for clinical examination and following up of patients with 

osteoporosis is DEXA scan technique. 

2.18.1 Principles of DEXA Scan: 

 
          It is a special type of X-ray used to evaluate and measure the bone mineral density. 

Nowadays it is commonly used in hospitals for it is relatively performed easily. On the 

other hand, it is  noninvasive, rapid, and precise as well as it is characterized by low 

amount of radiation exposure comparing to other types of X-ray. The DEXA scanner is 

a device that makes two X-ray beams, each one has different energy levels. The first 

beam is characterized with high energy whereas the second one is characterized by low 

energy. Finally, the amount of X-rays that pass via the bone is measured for each beam 

depending on the thickness of the bone. 

 

          The outcome of the measurement will be compared to the bone density of a young 

healthy adult which is symbol at as T-score or an adult of the same age and sex which 

 Figure 2.3 DEXA Machine 

(Adopted from https://www.indiamart.com/proddetail/dexa-scan-machine-16424776055.html) 

http://www.roche.com/
http://www.webmd.com/cancer/what-to-expect-from-radiation-therapy
https://www.indiamart.com/proddetail/dexa-scan-machine-16424776055.html
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is symbolized as Z-score. The scanning procedure usually takes around 20 minutes 

depending on the patient's height, also it is painless and noninvasive. 

          The measurement of bone mineral density is a useful tool for classification of 

bone fracture and its risk as well as it is useful as a guidness for therapy choice and 

response of patients to therapy. Furthermore, DEXA scanning is contraindicated in 

pregnant women due to radiation. It has been recorded that there is a slight chance of 

cancer from excessive exposure to radiation. Also, clothes with zipper and metallic 

accessories are also avoided during the procedure of DEXA scanning. 

2.19 Statistical analysis 

 
          Data were analyzed by using the Statistical Package for Social Sciences program 

(SPSS) version (23). Independent t - test was used to compare between proportions. A    

P value of ≤ 0.05 was considered statistically significant, while P value was 0.01 it 

considered statistically highly significant. One Way ANOVA was used to compare 

among more than two groups. The Pearson correlation was used to determine the 

correlation coefficient between study parameters. 
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3. RESULTS 
 

3.1 Characteristic features of the participants 

          The present study included a total of (90) women. All of them were with 

osteoporosis and their ages were ranged between (40-85) years, general 

characteristics of study population illustrated in (Figures 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 

3.7 and 3.8). 

 

 

 

Figure 3.1 Frequency distribution of study population according to different T – 

Score quartile 

 

42%

23%

35%

T - Score Quartile

(- 2.5) - ( - 3.49) ( - 3.5) - ( - 4.49) Less than - 4.5
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Figure 3.2 Frequency distribution of age groups in study population 

  

 

 

Figure 3.3 Frequency distribution of normal weight, overweight and obese 

women in study population 
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Figure 3.4 Frequency distribution of normal and abnormal WC in study 

population 

 

 
Figure 3.5 Frequency distribution of deficient, insufficient and sufficient 

Vitamin D3 levels in study population 
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Figure 3.6 Frequency distribution of low and normal Vitamin B12 levels in 

study population 

 

 

Figure 3.7 Frequency distribution of normal and abnormal Hcy levels in study 

population 
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Figure 3.8 Frequency distribution of low and normal folate levels in study 

population 
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3.2 waist circumference and study variables 
 

          Considering the osteoporotic variables for the current study, table 3.1 shows 

that there were significant differences in Body Mass Index (BMI) and total body 

fat percent ( P < 0.05 ) between patients with normal and abnormal WC. On the 

other hand, the remaining study variables are non-significant. 

 

Table 3.1 Comparison of Demographics and Biochemical measurements in 

Normal Waist circumference & abnormal Waist Circumference of 

Osteoporotic Women 

 

 

Study Variables 

 

Mean & SD of 

Osteoporotic Women 

with Normal WC 

(n = 17) 

 

Mean & SD of 

Osteoporotic Women 

with Abnormal WC 

(n = 73) 

 

 

P - Value 

Age 63.05 ± 10.88 59.08 ± 9.66 NS 

Body mass index (Kg/m2) 26.91 ± 2.62 34.05 ± 5.42 < 0.05 

Vitamin D3 (ng / ml) 23.38 ± 10.44 19.45 ± 8.16 NS 

Vitamin B12 (pg / ml) 437.84 ± 226.64 355.05 ± 192.50 NS 

Folic acid (ng / ml) 8.09 ± 5.11 6.04 ± 4.38 NS 

Homocysteine (µ mol /L) 17.86 ± 4.34 19.57 ± 3.99 NS 

T – Score -3.65 ± .84 -3.80 ± .81 NS 

Total Body Fat (TBF) 34.21 ± 5.87 44.99 ± 8.26 < 0.05 
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3.3 Body mass index (BMI) with study variable 

          In terms of osteoporotic variables for the current data, table 3.2 illustrate 

that there was only a significant difference in total body fat percent ( p < 0.05 ) 

between normal and overweight patients. whereas the remaining study variables 

are non-significant. 

 

Table 3.2 Comparison of Demographics and Biochemical measurements in 

Osteoporotic Women with Normal BMI & Overweight 

 

 

 

Study variables 

 

Mean & SD of 

Osteoporotic Women 

with Normal BMI 

(n = 9) 

 

Mean & SD of 

Osteoporotic Women with 

Overweight 

(n = 25) 

 

 

P-value 

Age 68.11 ± 11.79 60.12 ± 8.63 NS 

Waist circumferences 

(cm) 

89.22 ± 10.19 95.20 ± 8.62 NS 

Vitamin D3 (ng / ml) 27.37 ± 11.53 22.86 ± 9.18 NS 

Vitamin B12 (pg / ml) 352.36 ± 257.97 446.88 ± 188.60 NS 

Folic acid (ng / ml) 6.31 ± 5.94 8.30 ± 4.67 NS 

Homocysteine (µ mol /L) 19.28 ± 5.47 17.34 ± 3.01 NS 

T – Score -3.97 ± .90 -3.54 ± .74 NS 

Total Body Fat (TBF) (%) 28.74 ± 3.58 34.78 ± 4.74 < 0.05 
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          In addition, table 3.3 shows that there was a highly significant difference in 

total body fat percent (TBF %) and waist circumferences between normal and 

overweight patients. In addition, there were also statistically significant difference 

( p < 0.05 ) in vitamin D3 levels and age between these two groups of patients. 

whereas the remaining study variables documented as non-significant differences. 

 

Table 3.3 Comparison of Demographics and Biochemical measurements in 

Osteoporotic Women with Normal BMI & Obese patients 

 

 

 

 

Study variables 

 

Mean & SD of 

Osteoporotic Women 

with Normal BMI 

(n = 9) 

 

 

Mean & SD of Obese 

osteoporotic women 

(n = 56) 

 

 

 

P-value 

Age 68.11 ± 11.79 58.37 ± 9.72 < 0.05 

Waist circumferences (cm) 89.22 ± 10.19 114.69 ± 10.62 < 0.01 

Vitamin D3 (ng / ml) 27.37 ± 11.53 17.84 ± 7.03 < 0.05 

Vitamin B12 (pg / ml) 352.36 ± 257.97 339.62 ± 190.50 NS 

Folic acid (ng / ml) 6.31 ± 5.94 5.62 ± 4.10 NS 

Homocysteine (µ mol /L) 19.28 ± 5.47 20.09 ± 4.05 NS 

T – Score -3.97 ± .90 -3.84 ± .82 NS 

Total Body Fat (TBF) (%) 28.74 ± 3.58 48.89 ± 4.15 < 0.01 
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       Taking all together, it is clear from table 3.4 that there were statistically highly 

significant differences in WC and TBF % ( P < 0.05 ) between patients with 

normal BMI, overweight & obese. Furthermore, there were significant difference 

in vitamin D3, Folic acid, Hcy  levels and ages among these three groups. Whereas 

the other study variables documented as non-significant 

 

Table 3.4 One-way ANOVA Comparison of Demographics and Biochemical 

measurements in Normal BMI, Overweight & Obese of Osteoporotic Women 

 

 

 

Study variables 

Mean & SD of 

Osteoporotic 

Women with 

Normal BMI 

(n = 9) 

Mean & SD of 

Osteoporotic 

Women with 

Overweight 

(n = 25) 

Mean & SD of 

Obese osteoporotic 

women 

(n = 56) 

 

 

P-value 

Age 68.11 ± 11.79 60.12 ± 8.63 58.37 ± 9.72 < 0.05 

Waist circumferences (cm) 89.22 ± 10.19 95.20 ± 8.62 114.69 ± 10.62 < 0.01 

Vitamin D3 (ng / ml) 27.37 ± 11.53 22.86 ± 9.18 17.84 ± 7.03 < 0.05 

Vitamin B12 (pg / ml) 352.36 ± 257.97 446.88 ± 188.60 339.62 ± 190.50 NS 

Folic acid (ng / ml) 6.31 ± 5.94 8.30 ± 4.67 5.62 ± 4.10 < 0.05 

Homocysteine (µ mol /L) 19.28 ± 5.47 17.34 ± 3.01 20.09 ± 4.05 < 0.05 

T – Score -3.97 ± .90 -3.54 ± .74 -3.84 ± .82 NS 

Total Body Fat (TBF) (%) 28.74 ± 3.58 34.78 ± 4.74 48.89 ± 4.15 < 0.01 
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3.4 Total Body Fat with study variables  

          Considering the osteoporotic variables for the current study, table 3.5 shows 

that there were a highly significant differences in waist circumference and body 

mass index between patients with normal and high TBF percent (P < 0.01). On 

the other hand, there were significant difference in age and vitamin D3 between 

these two groups of TBF % (P < 0.05). Lastly, there were no significant difference 

in other study parameters. 

 

Table 3.5 Comparison of Demographics and Biochemical measurements in 

Normal Total Body fat % & High Total Body fat % of Osteoporotic Women 

 

  

 

 

Study variables 

 

Mean & SD of 

Osteoporotic Women 

with Normal 

Total Body fat 

(n = 14) 

 

Mean & SD of 

Osteoporotic Women 

with High Total Body 

fat 

(n = 76) 

 

 

P-value 

Age 66.35 ± 9.61 58.63 ± 9.61 < 0.05 

Waist circumferences (cm) 93.21 ± 8.97 109.22 ± 13.84 < 0.01 

Body mass index (Kg/m2) 25.39 ± 1.97 34.05 ± 5.15 < 0.01 

Vitamin D3 (ng / ml) 26.47 ± 10.23 19.03 ± 7.95 < 0.05 

Vitamin B12 (pg / ml) 391.99 ± 228.95 366.77 ± 196.48 NS 

Folic acid (ng / ml) 6.39 ± 5.35 6.44 ± 4.44 NS 

T – Score -3.94 ± .81 -3.74 ± .82 NS 

Homocysteine (µ mol /L) 19.19 ± 4.00 19.25 ± 4.13 NS 
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3.5 Homocysteine and study parameters 

          It can be seen from table 3.6 that there were statistically significant 

difference in all study parameters between patients with normal and high 

Homocysteine levels (P < 0.05). 

 

Table 3.6 Comparison of Demographics and Biochemical measurements in 

Osteoporotic Women with Normal Homocysteine & High Homocysteine 

levels 

 

 

 

Study variables 

 

Mean & SD of 

Osteoporotic Women 

with Normal 

Homocysteine 

(n = 15) 

 

Mean & SD of 

Osteoporotic Women 

with High 

Homocysteine 

(n = 75) 

 

 

P-value 

Age 49.86 ± 8.16 61.82 ± 9.09 < 0.01 

Waist circumferences (cm) 98.13 ± 12.41 108.45 ± 14.22 < 0.01 

Body mass index (Kg/m2) 31.03 ± 4.98 33.04 ± 5.85 < 0.05 

Vitamin D3 (ng / ml) 25.71 ± 6.82 19.09 ± 8.66 < 0.05 

Vitamin B12 (pg / ml) 663.87 ± 151.83 312.06 ± 152.21 < 0.01 

Folic acid (ng / ml) 12.27 ± 3.72 5.26 ± 3.76 < 0.01 

T – Score -2.84 ± .56 -3.96 ± .73 < 0.01 

Total Body Fat (TBF) (%) 40.52 ± 8.79 43.44 ± 8.92 < 0.05 
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Figure 3.9 Comparison of Mean age in osteoporotic women with normal plasma 

homocysteine (0 – 14.99 µ mol /L) and high plasma homocysteine (> 15 µ mol /L) levels (P 

< 0.01). 

 
Figure 3.10 Comparison of Mean BMI in osteoporotic women with normal plasma 

homocysteine (0 – 14.99 µ mol /L) and high plasma homocysteine (> 15 µ mol /L) levels (P 

< 0.01). 
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Figure 3.11 Comparison of Mean WC in osteoporotic women with normal plasma 

homocysteine (0 – 14.99 µ mol /L) and high plasma homocysteine (> 15 µ mol /L) levels (P 

< 0.01). 

 
Figure 3.12 Comparison of Mean Vitamin D3 in osteoporotic women with normal 

plasma homocysteine (0 – 14.99 µ mol /L) and high plasma homocysteine (> 15 µ mol /L) 

levels (P < 0.01). 
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Figure 3.13 Comparison of Mean folate in osteoporotic women with normal plasma 

homocysteine (0 – 14.99 µ mol /L) and high plasma homocysteine (> 15 µ mol /L) levels (P 

< 0.01). 

 

 
Figure 3.14 Comparison of Mean Vitamin B12 in osteoporotic women with normal 

plasma homocysteine (0 – 14.99 µ mol /L) and high plasma homocysteine (> 15 µ mol /L) 

levels (P < 0.01). 
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Figure 3.15 Comparison of Mean T-score in osteoporotic women with normal plasma 

homocysteine (0 – 14.99 µ mol /L) and high plasma homocysteine (> 15 µ mol /L) levels (P 

< 0.01). 

 
Figure 3.16 Comparison of Mean TBF in osteoporotic women with normal plasma 

homocysteine (0 – 14.99 µ mol /L) and high plasma homocysteine (> 15 µ mol /L) levels (P 

< 0.01). 
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3.6 vitamin B12 and study variables 

          As shown in table 3.7, there were highly significant difference in ages, 

vitamin D3, folate, Homocysteine and T – score ( P < 0.01) between patients with 

normal and low vitamin B12 levels.  

 

Table 3.7 Comparison of Demographics and Biochemical measurements in 

Normal Vitamin B12 & Low Vitamin B12 of Osteoporotic Women 

 

 

 

Study variable 

 

Mean & SD of Osteoporotic 

Women with Normal 

Vitamin B12 

(n = 64) 

 

Mean & SD of 

Osteoporotic Women 

with Low Vitamin B12 

(n = 26) 

 

 

P-value 

Age 55.78 ± 7.85 69.80 ± 7.26 < 0.01 

Waist circumferences (cm) 105.32 ± 13.80 110.19 ± 15.51 NS 

Body mass index (Kg/m2) 32.42 ± 5.34 33.41 ± 6.66 NS 

Vitamin D3 (ng / ml) 22.13 ± 7.35 15.42 ± 10.03 < 0.01 

Folic acid (ng / ml) 8.29 ± 4.14 1.85 ± .46 < 0.01 

Homocysteine (µ mol /L) 17.24 ± 2.64 24.18 ± 2.54 < 0.01 

T – Score -3.44 ± .72 -4.59 ± .24 < 0.01 

Total Body Fat (TBF) (%) 42.54 ± 8.71 43.97 ± 9.50 NS 
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3.7 Folic acid and study variables 

          As shown in table 3.8, there were significant difference in ages, WC, 

vitamin D3, vitamin B12, Homocysteine and T – score between patients with 

normal and low folic acid levels. 

 

Table 3.8 demonstrate the Comparison of Demographics and Biochemical 

measurements in normal folic acid and low folic acid of osteoporotic women. 

 

 

 

Study variables 

 

Mean & SD of Osteoporotic 

Women with Normal 

Folic acid 

(n = 69) 

 

Mean & SD of 

Osteoporotic Women 

with Low Folic acid 

(n = 21) 

 

 

P-value 

Age 56.95 ± 8.78 69.28 ± 7.56 < 0.01 

Waist circumferences 

(cm) 

104.56 ± 13.77 113.85 ± 14.43 < 0.05 

Body mass index 

(Kg/m2) 
32.08 ± 5.20 34.76 ± 6.98 NS 

Vitamin D3 (ng / ml) 23.60 ± 11.88 13.37 ± 8.45 < 0.01 

Vitamin B12 (ng / ml) 431.29 ± 191.33 171.57 ± 21.12 < 0.01 

Homocysteine (µ mol 

/L) 

17.51 ± 2.72 24.93 ± 2.24 < 0.01 

T – Score -3.51 ± .75 -4.63 ± .18 < 0.01 

Total Body Fat (TBF) 

(%) 

42.31 ± 8.79 45.06 ± 9.20 NS 
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3.8 Vitamin D3 and study parameters 

          Regarding vitamin D3 as shown in table 3.9, there was a highly significant 

differences in waist circumference, body mass index and total body fat (P < 0.01) 

between sufficient and insufficient vitamin D3 levels. In addition, as shown in 

table 3.10, it can be seen that there were statistically significant difference in all 

study parameters (P < 0.05) between sufficient and insufficient vitamin D3 levels. 

Finally, taking all together as shown in table (3.11), there was a highly significant 

difference in all study parameters, vitamin B12 and folic acid among deficient, 

insufficient and sufficient vitamin D3 levels. 

 

Table 3.9 shows the comparison of demographics and biochemical 

measurements in sufficient vitamin D3 and insufficient vitamin D3 of 

osteoporotic women. 

 

 

 

Study variables 

 

Mean & SD of Osteoporotic 

Women with Sufficient 

Vitamin D3 (n = 14) 

 

Mean & SD of 

Osteoporotic Women 

with Insufficient 

Vitamin D3 (n = 63) 

 

 

P-value 

Age 58.07 ± 13.36 57.85 ± 8.19 NS 

Waist circumferences (cm) 93.14 ± 7.67 109.64 ± 12.71 < 0.01 

Body mass index (Kg/m2) 27.17 ± 3.15 33.94 ± 5.48 < 0.01 

Vitamin B12 (ng / ml) 440.58 ± 224.97 388.10 ± 198.86 NS 

Folic acid (ng / ml) 8.43 ± 4.69 6.68 ± 4.60 NS 

Homocysteine (µ mol /L) 17.20 ± 3.92 18.83 ± 3.64 NS 

T – Score -3.42 ± .90 -3.69 ± .76 NS 

Total Body Fat (TBF) (%) 32.57 ± 6.27 45.17 ± 8.11 < 0.01 
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Table 3.10 illustrate the comparison of demographics and biochemical 

measurements in sufficient vitamin D3 and deficient vitamin D3 of 

osteoporotic women. 

 

 

 

Study variables 

 

Mean & SD of Osteoporotic 

Women with Sufficient 

Vitamin D3 (n = 14) 

 

Mean & SD of 

Osteoporotic Women 

with Deficient Vitamin 

D3 (n = 13) 

 

 

P-value 

Age 58.07 ± 13.36 70.35 ± 6.72 < 0.01 

Waist circumferences (cm) 93.14 ± 7.67 107.42 ± 19.04 < 0.05 

Body mass index (Kg/m2) 27.17 ± 3.15 32.76 ± 5.84 < 0.01 

Vitamin B12 (ng / ml) 440.58 ± 224.97 223.69 ± 97.77 < 0.01 

Folic acid (ng / ml) 8.43 ± 4.69 3.31 ± 2.52 < 0.01 

Homocysteine (µ mol /L) 17.20 ± 3.92 23.10 ± 3.99 < 0.01 

T – Score -3.42 ± .90 -4.48 ± .54 < 0.01 

Total Body Fat (TBF) (%) 32.57 ± 6.27 43.53 ± 7.50 < 0.01 

 

Table 3.11 One-way ANOVA analysis comparison of demographics and 

biochemical measurements in sufficient vitamin D3, insufficient vitamin D3 

and deficient vitamin D3 of osteoporotic women. 

 

 

Study variables 

 

Mean & SD of 

Osteoporotic 

Women with 

Sufficient Vitamin 

D3 

(n = 14) 

 

Mean & SD of 

Osteoporotic 

Women with 

Insufficient 

Vitamin D3 

(n = 63) 

 

Mean & SD of 

Osteoporotic 

Women with 

Deficient 

Vitamin D3 

(n = 13) 

 

 

 

 

P-value 

Age 58.07 ± 13.36 57.85 ± 8.19 70.35 ± 6.72 < 0.01 

Waist circumferences (cm) 93.14 ± 7.67 109.64 ± 12.71 107.42 ± 19.04 < 0.01 

Body mass index (Kg/m2) 27.17 ± 3.15 33.94 ± 5.48 32.76 ± 5.84 < 0.01 

Vitamin B12 (ng / ml) 440.58 ± 224.97 388.10 ± 198.86 223.69 ± 97.77 NS 

Folic acid (ng / ml) 8.43 ± 4.69 6.68 ± 4.60 3.31 ± 2.52 NS 

Homocysteine (µ mol /L) 17.20 ± 3.92 18.83 ± 3.64 23.10 ± 3.99 < 0.01 

T – Score -3.42 ± .90 -3.69 ± .76 -4.48 ± .54 < 0.01 

Total Body Fat (TBF) (%) 32.57 ± 6.27 45.17 ± 8.11 43.53 ± 7.50 < 0.01 
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3.9 T – score and study parameters 

          Considering T – score, as shown in tables 3.12, 3.13 and 3.14 respectively, 

there was a significant difference in all study variables (P < 0.05), body mass 

index, waist circumferences and total body fat among T - Score values measuring 

(-2.5) – (-3.49), (-3.50) – (- 4.49) and < (- 4.5). 

 

Table 3.12 Comparison of demographics and biochemical measurements 

between group of first stage of osteoporosis and intermediate stage according 

to T-score quartiles in osteoporotic women. 

 

 T-Score T-Score  

Study variables (-2.5) – (-3.5) (-3.51) – (- 4.49) P-value 

 (n = 40) (n = 19)  

Age 52.28 ± 7.14 60.23 ± 6.21 < 0.01 

Waist circumferences (cm) 103.34 ± 14.23 108.85 ± 13.65 NS 

Body mass index (Kg/m2) 31.92 ± 5.21 33.61 ± 5.40 NS 

Vitamin B12 (pg / ml) 538.42 ± 173.72 318.86 ± 129.58 < 0.01 

Vitamin D3 (ng / ml) 24.76 ± 6.71 18.66 ± 6.45 < 0.05 

Folic acid (ng / ml) 10.42 ± 3.65 4.69 ± 2.92 < 0.01 

Homocysteine (µ mol /L) 15.77 ± 2.05 19.73 ± 2.39 < 0.01 

Total Body Fat (TBF) (%) 41.92 ± 8.09 44.74 ± 9.56 NS 
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Table 3.13 Comparison of demographics and biochemical measurements 

between group of first stage of osteoporosis and late stage according to T-

score quartiles in osteoporotic women. 

 T-Score T-Score  

Study variables (-2.5) – (-3.5) > (- 4.5) P-value 

 (n = 40) (n = 31)  

Age 52.28 ± 7.14 68.80 ± 7.11 < 0.01 

Waist circumferences (cm) 103.34 ± 14.23 109.45 ± 14.68 NS 

Body mass index (Kg/m2) 31.92 ± 5.21 33.06 ± 6.56 NS 

Vitamin B12 (pg / ml) 538.42 ± 173.72 200.21 ± 59.31 < 0.01 

Vitamin D3 (ng / ml) 24.76 ± 6.71 15.62 ± 9.60 < 0.01 

Folic acid (ng / ml) 10.42 ± 3.65 2.72 ± 1.79 < 0.01 

Homocysteine (µ mol /L) 15.77 ± 2.05 23.17 ± 3.05 < 0.01 

Total Body Fat (TBF) (%) 41.92 ± 8.09 43.01 ± 9.50 NS 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Table 3.14 Comparison of demographics and biochemical measurements in different 

T-score quartiles in osteoporotic women. 

 T-Score T-Score T-Score  

Study variables (-2.5) – (-3.5) (-3.51) – (- 4.49) > (- 4.5) P- 

 (n = 40) (n = 19) (n = 31) value 

Age 52.28 ± 7.14 60.23 ± 6.21 68.80 ± 7.11 < 0.01 

Waist circumferences (cm) 103.34 ± 14.23 108.85 ± 13.65 109.45 ± 14.68 NS 

Serum Calcium (mg/dl) 8.60 ± 1.17 8.95 ± 1.10 8.97 ± 1.46 NS 

Vitamin B12 (pg / ml) 538.42 ± 173.72 318.86 ± 129.58 200.21 ± 59.31 < 0.01 

Vitamin D3 (ng / ml) 24.76 ± 6.71 18.66 ± 6.45 15.62 ± 9.60 < 0.01 

Folic acid (ng / ml) 10.42 ± 3.65 4.69 ± 2.92 2.72 ± 1.79 < 0.01 

Homocysteine (µ mol /L) 15.77 ± 2.05 19.73 ± 2.39 23.17 ± 3.05 < 0.01 

Total Body Fat (TBF) (%) 41.92 ± 8.09 44.74 ± 9.56 43.01 ± 9.50 NS 
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3.10 Correlation analysis: 

 

          According to pearson correlation coefficient (r), there were significant 

negative correlations of age with vitamin D3 (ng / ml), vitamin B12 (pg / ml), folic 

acid (ng / ml) and T – Score, while it was significantly positive correlation with 

Homocysteine (µ mol /L). On the other hand, age shows non-significant 

correlation with waist circumferences (cm), body mass index and total body fat 

(TBF) (%) (Table 3.15).  

 

Table 3.15 Correlation between age and other related parameters in 

osteoporotic women 

Variables (r) P-value 

Waist circumferences (cm) -0.041 NS 

Body mass index (Kg/m2) -0.201 NS 

Vitamin D3 (ng / ml) -0.457 < 0.01 

Vitamin B12 (pg / ml) -0.693 < 0.01 

Folic acid (ng / ml) -0.600 < 0.01 

Homocysteine (µ mol /L) 0.745 < 0.01 

T – Score -0.784 < 0.01 

Total Body Fat (TBF) (%) -0.184 NS 
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          Table 3.16 indicates the presence of significant positive correlations 

between waist circumferences, body mass index, homocysteine (µ mol /L) and 

total body fat (TBF) (%). While, waist circumference was significantly negative 

correlations with Vitamin D3 (ng / ml), vitamin B12 (pg / ml), folic acid (ng / ml) 

and T – Score. In the contrary, waist circumference showed a non-significant 

correlation with age. 

 

Table 3.16 Correlation between waist circumferences (cm) and other related 

parameters in Osteoporotic women. 

Variables (r) P-value 

Age -0.041 NS 

Body mass index (Kg/m2) 0.791 < 0.01 

Vitamin D3 (ng / ml) -0.373 < 0.01 

Vitamin B12 (pg / ml)            -0.342 < 0.01 

Folic acid (ng / ml) -0.363 < 0.01 

Homocysteine (µ mol /L) 0.376 < 0.01 

T – Score -0.238 < 0.05 

Total Body Fat (TBF) (%) 0.752 < 0.01 
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          In osteoporotic women, BMI showed positive significant correlations with 

waist circumferences (cm), homocysteine (µ mol /L) and total body fat (TBF) (%), 

while BMI was inversely significant correlation with folic acid (ng / ml) and 

vitamin D3 (ng / ml). However, BMI illustrated a non-significant correlation with 

Age, vitamin B12 (pg / ml) and T – score (Table 3.17). 

 

Table 3.17 Correlation between Body Mass Index (BMI) (Kg/m2) and other 

related parameters in osteoporotic women. 

Variables (r) P-value 

Age -0.201 NS 

Waist circumferences (cm) 0.791 < 0.01 

Vitamin D3 (ng / ml) -0.370 < 0.01 

Vitamin B12 (pg / ml) -0.183 NS 

Folic acid (ng / ml) -0.264 < 0.05 

Homocysteine (µ mol /L) 0.281 < 0.01 

T – Score -0.133 NS 

Total Body Fat (TBF) (%) 0.853 < 0.01 
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          Among study population, vitamin D3 showed negative significant 

correlations in ages, BMI, waist circumferences (cm), Homocysteine and total 

body fat (TBF) (%). However, vitamin D3 was positively significant correlations 

in folic acid (ng / ml), vitamin B12 (pg / ml) and T score values between vitamin 

D3 levels (Table 3.18). 

 

Table 3.18 Correlation between vitamin D3 (ng / ml) and other related 

parameters in study population. 

 

  

Variables (r) P-value 

Age -0.457 < 0.01 

Body mass index (Kg/m2) -0.370 < 0.01 

Waist circumferences (cm) -0.373 < 0.01 

Vitamin B12 (pg / ml) 0.461 < 0.01 

Folic acid (ng / ml) 0.433 < 0.01 

Homocysteine (µ mol /L) -0.557 < 0.01 

T – Score 0.521 < 0.01 

Total Body Fat (TBF) (%) -0.399 < 0.01 
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          Homocysteine (µ mol /L) in study sample was positively significant 

correlations with some study variables including ages, body mass index (Kg/m2), 

waist circumferences (cm), and total body fat percent between normal and high 

homocysteine levels. Furthermore, Homocysteine was significantly negative 

correlations in vitamin D3 (ng / ml), Folic acid (ng / ml), vitamin B12 (pg / ml), 

and T – Score values table (3.19). 

 

Table 3.19 Correlation between homocysteine (µ mol /L) and other related 

parameters in osteoporotic women. 

Variables (r) P-value 

Age 0.745 < 0.01 

Body mass index (Kg/m2) 0.281 < 0.01 

Waist circumferences (cm) 0.376 < 0.01 

Vitamin B12 (pg / ml) -0.832 < 0.01 

Folic acid (ng / ml) -0.851 < 0.01 

Vitamin D3 (ng / ml) -0.557 < 0.01 

T – Score -0.847 < 0.01 

Total Body Fat (TBF) (%) 0.255 < 0.05 
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          Folic acid (ng / ml) was negative significant correlations in ages, body mass 

index (Kg/m2), waist circumferences (cm), Homocysteine and total body fat 

percent between normal and low folate levels. However, Folate was significantly 

positive correlations in vitamin D3 (ng / ml), vitamin B12 (pg / ml), and T – Score 

values table (3.20).           

 

Table 3.20 Correlation between folic acid (ng / ml) and other related 

parameters in study patients. 

Variables (r) P-value 

Age -0.600 < 0.01 

Body mass index (Kg/m2) -0.264 < 0.05 

Waist circumferences (cm) -0.363 < 0.01 

Vitamin B12 (pg / ml) 0.775 < 0.01 

Vitamin D3 (ng / ml) 0.433 < 0.01 

Homocysteine (µ mol /L) -0.851 < 0.01 

T – Score 0.811 < 0.01 

Total Body Fat (TBF) (%) -0.204 < 0.05 
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          Vitamin B12 (pg / ml) in osteoporotic women recorded in this study there 

were negative significant correlations in ages, body mass index (Kg/m2), waist 

circumferences (cm), Homocysteine and total body fat percent between normal 

and low vitamin B12 levels. However, it was significantly positive correlations in 

vitamin D3 (ng / ml), folic acid (ng / ml), and T – Score values table (3.21).           

 

Table 3.21 Correlation between vitamin B12 (pg / ml) and other related 

parameters in osteoporotic women. 

Variables (r) P-value 

Age -0.693 < 0.01 

Body mass index (Kg/m2) -0.183 NS 

Waist circumferences (cm) -0.342 < 0.01 

Folic acid (ng / ml) 0.775 < 0.01 

Vitamin D3 (ng / ml) 0.461 < 0.01 

Homocysteine (µ mol /L) -0.832 < 0.01 

T – Score 0.816 < 0.01 

Total Body Fat (TBF) (%) -0.182 NS 
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          Regarding the T – score values recorded in this study there were negative 

significant correlations in ages, body mass index (Kg/m2), waist circumferences 

(cm), Homocysteine and total body fat percent among different T – score quartiles, 

while it was significantly positive correlations seen in vitamin D3 (ng / ml), folic 

acid (ng / ml), and vitamin B12 levels table (3.22).  

          

Table 3.22 Correlation between T – Score and other related parameters in 

Osteoporotic women. 

Variables (r) P-value 

Age -0.784 < 0.01 

Body mass index (Kg/m2) -0.133 NS 

Waist circumferences (cm) -0.238 < 0.05 

Vitamin B12 (pg / ml) 0.816 < 0.01 

Folic acid (ng / ml) 0.811 < 0.01 

Vitamin D3 (ng / ml) 0.521 < 0.01 

Homocysteine (µ mol /L) -0.847 < 0.01 

Total Body Fat (TBF) (%) -0.100 NS 
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          Total Body Fat (TBF) (%) in this study, there were negative significant 

correlations in ages, vitamin D3 (ng / ml), folic acid (ng / ml), and vitamin B12 

levels and T – score quartiles, while it was significantly positive correlations could 

be seen in body mass index (Kg/m2), waist circumferences (cm), serum and 

Homocysteine levels table (3.23).           

 

Table 3.23 Correlation between Total Body Fat (TBF) (%) and other related 

parameters in osteoporotic women. 

Variables (r) P-value 

Age -0.184 NS 

Body mass index (Kg/m2) 0.853 < 0.01 

Waist circumferences (cm) 0.752 < 0.01 

Vitamin B12 (pg / ml) -0.182 NS 

Folic acid (ng / ml) -0.204 NS 

Vitamin D3 (ng / ml) -0.399 < 0.01 

Homocysteine (µ mol /L) 0.255 < 0.05 

T – Score -0.100 NS 

 

 



CHAPTER FOUR: DISCUSSIONS 
70  

 

 

 

CHAPTER 

FOUR 

 

 

 
 



CHAPTER FOUR: DISCUSSIONS 
71  

4. DISCUSSIONS 
 

4.1 Overview 
 
          Recent epidemiological researches demonstrated that bone diseases and bone 

losses closely associated with prominent elevation of Homocysteine level in blood 

known as Hyperhomocysteinemia (Yuefeng et al 2016). This increase in homocysteine 

concentration resulted in disruption in its metabolism, however, homocysteine 

metabolism is mainly controlled by folate and vitamin B12 (Jyotirmaya et al 2017). 

Furthermore, when there is defect in the action of methylenetetrahydrofolate (MTHFR) 

reductase enzyme. In fasting conditions Mild hyperhomocysteinemia might be 

observed due to the mild impairment in the methylation pathway (i.e. inadequate 

amount of each of vitamin B12 and folic acid or (MTHFR) defect) (Sanjeev et al 2013). 

          Studies have demonstrated that Hyperhomocysteinemia (> 15 mmol/L) raise the 

activity of osteoclast and remodeling of bones. Furthermore, this will lead to an 

increase the impact of homocysteine on development of bones (Tariq et al 2016). Kang 

and Trelstad (1972) discovered that homocysteine interfered with collagen cross-

linking from filtered rodent skin collagen, However, high concentration of 

homocysteine represses the action of lysyl oxidase (a catalyst associated with cross- 

linking of collagen) and in this manner animate osteoclast action in lifted fixation. 

          The present study demonstrates that high levels of serum Homocysteine were 

negatively correlate and highly significant differences (P value < 0.01) with plasma 

vitamin B12, vitamin D3 and folic acid concentrations. This clarify that in the present 

study plasma homocysteine might have a direct impact in the pathogenesis of 

osteoporosis and other related bone diseases which lead to pathological fractures in 

elderly persons and might be considered as a predisposing factor for bone loss. 
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4.2 Plasma Homocysteine and Age 
 

          The ages of menopaused women who have participated in the current study 

whose ages were between (40 – 85 years old). Homocysteine was positively correlated 

with age meaning that the homocysteine level increased by the age. The 

Hyperhomocysteinemia in elderly women will affect on bone mineralization and 

remodeling by elimination of calcium and minerals from the bone as well as bone 

fragility and then fracturing (Kshetrimayum et al 2013). 

4.3 Plasma Homocysteine and Obesity Parameters 

          Previously, it has been stated that diseases of bones (bone loss) and obesity are 

two irrelevant illnesses, nowadays there are several researches demonstrated that 

obesity and bone diseases are closely related to each other and both share many 

predisposing factors (Vural et al 2014). For instance, environmental and genetic factors. 

Body weight composed of body fluids, soft tissues and hard tissues, fat (which is a 

component of soft tissues) is regarded as the main component of body weight, after 

maturity only body fat is changeable (either by exercise or by food regimen). Recent 

studies demonstrated that total body fat which is the most prominent guides of obesity, 

may have a beneficial effect on bone health. The assimilation and differentiation of 

osteoblast and adipocyte is created as a result of the maturation of common precursor 

stem cells. Furthermore, production of hormones which have a direct and great effect 

on bone health known as adipocyte – derived hormones (Lan-Juan et al 2008). 

4.3.1 Waist circumferences 

          Taking waist circumferences as a marker for obesity in patients with osteoporosis 

and studying plasma homocysteine in those patients has been conducted by recent 

studies. Some of them concluded that W. C. was closely correlated with bone loss 

(Meybodi et al 2011). While in contrast, our data also demonstrated that elevated 

plasma level of homocysteine was non-significant difference in patients with abnormal 
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W. C. Al- Bayyari N. et al. (2017) conclude that in overweight women elevation of 

plasma homocysteine concentration is prominently seen in women with abnormal WC 

measurement, and it might be regarded as independent predictor of plasma 

homocysteine level.  

4.3.2 Body mass index (BMI) 

          In present study, the obese and overweight patients (women) with osteoporosis 

whose T – score was (> -2.5), were documented by DEXA machine had high values of 

plasma homocysteine (> 15 mmol / L) could be seen. Study conducted by Carranza-

Lira S. et al. (2002) and Asomaning K. et al. (2006) summarized that overweight and 

obese women with high BMI (> 25 Kg / m2) are at increased risk of osteoporosis 

(Letícia et al 2017). 

4.3.3 Total Body Fat (TBF %):  

          Similarly, W. C. and BMI the TBF percent also were positively corelated with 

homocysteine concentration. This concludes that the current study concluded that the 

obesity parameters (WC, BMI and TBF) have effect on homocysteine level in positive 

manner as shown in (Table 3.23). Several studies concluded that adipose tissue (body 

fat) is not functionless body constituent, furthermore, it is responsible for production 

and secretion of several biologically active substances, for example, resistin, estrogen 

hormone, adiponectin and interleukin – 6 (IL-6). These substances either directly or 

indirectly play an important and effective role as a source of energy, also play a great 

role in bone health and body metabolisms. On the other hand, many endocrine organs 

also have a great role in bone health, for instance, the pancreas which produce 

molecules called bone – active substances such as amylin and insulin. The action and 

effect of such molecules throughout the body including bone may interpret the 

relationship between bones and body fat (Moayyeri et al 2012). Finally, osteoblast and 

adipocyte originate from the same source of cells known pluripotential mesenchymal 
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stem cells. Normally, this stem cells equally differentiated into both osteoblasts and 

adipocytes, however, this differentiation is under control and regulated by many 

interacting mechanisms and pathways which may participate to the final effect of body 

fat on body bones. Some enzymes indirectly play a role in bone homeostasis, for 

example, aromatase enzyme, which presents in adipose tissue and gonads. This enzyme 

is responsible for the synthesis of estrogen hormone by using testosterone or 

androstene, as well as estrogen have a great role in bone health and protect bones 

against osteoporosis by make an inhibition to osteoclast action and bone resorption, and 

at the same time make a stimulation to osteoblast cells which have a great role in bone 

remodeling. In this case the elderly women (postmenopausal women) are lack to 

estrogen hormone because of the absence of menstrual cycle as well as the ovaries no 

longer produces estrogen, so extragonadal estrogen which is mainly produced from 

adipose tissue and become the main source of estrogen and may compensate the 

stopped estrogen from the workout ovaries (Lorraine et al 2006). 

          Therefore, in obese postmenopausal women a high amount of body fat suggested 

to have a protective role on bones because of elevation in production of extragonadal 

estrogen which will have a potential effect on preserving bones from losses. 

Furthermore, recent studies showed that declining in endogenous estrogen level in 

elderly women complimented by declining in osteoblasts numbers and elevation in 

adipocyte counts. For that reason, in postmenopausal women estrogen replacement 

therapies will prevent or reduces menopause – induced fat gains and decreases the 

occurrence early postmenopausal osteoporosis (Väänänen et al, 1996). To sum up, the 

incompatible relationship between total body fat percent (TBF %), body mass index 

(BMI) and total plasma homocysteine (tHcy) have been reported in the general 

population. The present research inspected the hypothesis that increased plasma level 

of homocysteine are closely associated with increased W.C.  leveles, overweight and 

obese women with BMI (25 – 29.9 Kg / m2) (more than 30 Kg / m2) respectively and 
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total body fat percent elevation. 

4.4 Plasma Homocysteine and Nutritional factors 

          Some reports illustrate the relationship between raised plasma homocysteine and 

fracture threats, while others discover no relationship. Nonetheless, it is not an evident 

whether this is identified with aggregate homocysteine or not, or the measurement of 

vitamin D3, vitamin B12 and folic acid, which act as a co-enzyme for homocysteine 

metabolism (re-methylation of homocysteine to methionine), or to different reasons for 

raised aggregate homocysteine (Aktas et al 2017). For example, ecological elements or 

fundamental sickness. Holstein et al. (2011) pointed out that hyperhomocysteinemia 

and S-adenosylhomocysteine have an effect on bone health. Additionally, a low limit 

of methylation, apprehension of morphology in diminished bone among peoples. These 

nutritional elements interpret that there is a relationship between the modified bone 

morphology and plasma level of homocysteine and S-adenosylhomocysteine. At 

present, there are limited investigations intended to assess the impact of vitamin B12, 

folate and vitamin D3 on bringing down plasma homocysteine level toward normal and 

the consequences for bone comfort. 

          Aging progress will decrease body response to many nutrient factors, which 

might have a great role to keep body minerals in balance, for instance, decrease in the 

activation of vitamin D3 in kidneys in elderly ( after exposing the subcutaneous fat to 

the sun light, final activation of vitamin D3 will take place in kidneys)  due to elderly 

age as a result of decreased renal response to parathyroid hormone and inadequate 

absorption of calcium from the intestinal tract. However, elderly women will need 

sufficient amount of PTH to stimulate vitamin D3 activation and production. 

Cholecalciferol play an essential role in the pathogenesis of osteoporosis, so it’s 

decrease will have a negative effect on bone texture and development of senile 

osteoporosis. A Systematic Review with Meta-Analyses done by van Wijngaarden J. 

P. et al 2012 shows a strong relationship between bone loss (osteoporosis) T – score > 
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-2.5 and age. Similar results were recorded in the current study as shown in tables (3.14 

and 3.15) 

4.5 Vitamin D3 and Bones 

          The process of bone mineralization is an important natural mechanism to keep 

bones safe. There are many physiological factors either directly or indirectly affect such 

process even positively or negatively. Vitamin D3 (1,25 OH2D), the active form of 

vitamin D3) is regarded as one of a major substance that keep bone homeostasis, any 

deficiency in vitamin D3 level will cause bone deformities and bone diseases, for 

example, osteomalacia, bone loss and development of osteoporosis and bone fractures 

(particularly in elderly women) (Papadimitropoulos et al 1997). 

          Studies demonstrated that vitamin D3 has a multi effect on bones. The direct role 

of this vitamin on bones is very complicated process, because it acts directly on certain 

cell types which are the main bone constituents, for instances, osteoclast, osteoblast and 

bone stromal cells. There is a direct relationship between vitamin D3 and parathyroid 

hormone (PTH). Formerly, scientists concluded that vitamin D3 play a role in 

resorption of bones because of its action on bones through stimulation and 

differentiation of certain cell types named precursor cells. This is a mononuclear 

phagocyte of macrophage lineage to be combined with osteoclasts cells (multinucleated 

and mature cells). Studies concluded that vitamin D3 contribute in the process of early 

stage of osteoclast production which is called osteoclastogenesis, through which 

vitamin D3 directly acts on osteoclast precursor cells, which compromises a complex 

interaction among cells like bone stromal cells, osteoblasts and osteoclast precursor 

cells (Kyoji 2007). In the late step of the differentiation protocol, the produced 

osteoclasts will loss its VDR, and then vitamin D3 indirectly promotes the 

differentiation by acting on cells in osteoblast lineage. Perhaps, osteoblast stromal cells 

will induce osteoclast differentiating – inducing substances. 
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          The present study shows a great difference between both Homocysteine and 

vitamin D3. Sufficient vitamin D3 will affect negatively on Homocysteine levels as 

well as good bone health and vice versa as shown in (Table 3.11). Similar results were 

obtained by Yuefeng Zho et al (2016), in which patients with elevated homocysteine 

had deficient to vitamin D3. 

4.6 Effect of vitamin B complexes on bones 

          Generally, vitamin B complexes have a great effect in bone preservation 

particularly vitamin B12. Current results showed that patients with low vitamin B12 

levels have significant difference with high homocysteine levels as shown in table (3.7). 

The Rotterdam study (2007) believed that bone mineral density (BMD) is associated 

with osteoporosis. Linking of the collagen to the bone matrix will affect by the 

circulating homocysteine concentration. However, elevated homocysteine 

concentration will cause an alteration in bone matrix and resulting fragile bones. 

Alteration in collagen cross linking will not affect bone mineral density (BMD), 

therefor, the findings are bone fractures rather than bone mineral density alteration as 

concluded by van Meurs et . al (2004). 

          Several researches hypothesized the great effect of B vitamins on bones 

particularly vitamin B12 as well as its deficiency will cause weaken the maturation 

process of osteoblast cells. Scientists hypothesized that alkaline phosphatase activity 

and proliferation of osteoblasts are under control of circulating vitamin B12 

concentration, while on the other hand, Herrmann et. Al. (2007) was unable to 

demonstrate any reliable and significant association between osteoblast activity and 

circulating folate and vitamin B12 concentrations
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          Recently, studies suggested that high circulating homocysteine concentration and 

low concentration of vitamin B12 will make stimulation to osteoclast activity as well 

as bone fragility (Vacek et al, 2013). In spite of folate and vitamin B12, there are 

another B complex vitamins like vitamin B6 (pyridoxine), micronutrients and choline 

contribute in homocysteine metabolism as well as affecting plasma homocysteine level 

and subsequently affect bone health. Because of folic acid and vitamin B12 are the most 

common substances interfering plasma homocysteine level, therefore, both are 

regarded as homocysteine – lowering agents. 

4.7 The impact of folic acid on bones 
 

          Folic acid plays a great role in bone health. This will contribute in homocysteine 

remethylating process to methionine. The present results demonstrated a significantly 

high level of homocysteine in patients with low folic acid levels as shown in (Table 

3.8). The Hordaland homocysteine study (2007) illustrates that folic acid has been 

connected to bone mineral density and a reduced fracture, in addition, homocysteine is 

an indicator for hip fracture among elderly people (Salari et al 2004). 

4.8 Homocysteine as a marker in Osteoporotic patients (T–Score 

Quartiles): 

          The degrees of osteoporosis are varies depending on the T – score value. The 

degree of osteoporosis was documented by DEXA machine (the gold standard method 

for diagnosing osteoporosis) (Cagnacci et al 2003). According to WHO criteria, 

osteoporosis is classified into three groups (Mild = -2.5 ~ -3.4, Severe = -3.5 ~ -4.4, 

Severe with fracture = < -4.5). The present results showed higher homocysteine levels 

in patients with lower T – score values as showed in (Table 3.14). 

          Statistically the correlation between homocysteine and all study parameters 

(Age, waist circumferences, body mass index, vitamin D3, folic acid, vitamin B12, 

calcium, T score and total body fat) as shown in table (3.19). This correlation means 

that overweight  elderly women with insufficient vitamin D3 (insufficient exposure to 

sun light or inadequate gaining dietary vitamin D3) also deficiency of each of folic acid 
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and vitamin B12 (less than 2 ng / ml and less than 199.9 pg / ml respectively) are more 

susceptible to elevation of homocysteine level as well as development of osteoporosis, 

because folic acid and vitamin B12 have a great role in homocysteine metabolism and 

recycling back to methionine (Cagnacci et al 2003). 

4.9 Limitations 

➢ The sample size was small, large sample size will improve the research results. 

➢ Genetically, study of MTHFR genotype will affect positively on the research 

outcomes. 
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 
 

5. CONCLUSIONS 

          According to the findings of the present study the researcher concluded that: 

➢ The study showed that the majority of the study participants were elderly women 

and all of them were menopaused, most of them were obese and overweight with 

abnormal waist circumference accompanied high percent of total body fat (TBF). 

➢ Plasma levels of vitamin D3, vitamin B12 and folate were low in patients with 

osteoporosis. 

➢ Plasma Homocysteine were significantly high in patients with Osteoporosis. 

This was seen particularly in patients with low T  –  Score values. 

➢ The current study concluded that the majority of the osteoporotic group have high 

Homocysteine level with very low T – scour values. 

➢ High body mass index (BMI) and waist circumferences (WC), and low vitamin B12, 

folate and vitamin D3  levels showed high homocysteine levels with low T 

– scour values. 

➢ There were significant association between age, vitamin status, total body fat or BMI 

and T – scour values and total plasma homocysteine. 

➢ Finally, the present study conclude that total plasma homocysteine is negatively 

correlated with age, plasma levels of vitamins (folic acid, vitamin B12 and vitamin D3), 

body mass index and also clearly correlated with menopaused status. 

 

5.1 Recommendations 

➢ For future studies larger sample size is recommended. 

➢ Future studies should take both men and women. 

➢ Essential intake of vitamins and minerals particularly in elderly people. 

Drug lowering homocysteine are recommended mainly in elderly men and 

women.
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Approval of Research Ethics Committee 



Appendix ( II ) 

The Questionnaire Form 

Patient NO.         Date:        /     / 201 

Phone NO. 

Name:……………………………………………… Age:…………..years 

Years since menopause:…………………… 

Address:……………………… 

Anthropometric Measurement: 

Height:…………...…cm. 

Weight:……………..kg 

BMI:………………..kg/m2 

Waist Circumference:……………………..cm 

 

Drug History: 

Antioxidant Supplement    Hormone replacement  

Thyroid Hormone     Insulin  

 

Disease History: 

Liver Disease     Kidney Disease  

Cancer     Rheumatologic Disease  

Gastrointestinal Disease    General Inflammation 

Diabetes Mellitus  

 

 

 

 

 

 



Other Risk Factors: 

Family History     Sunlight Exposure  

Smoking      Alcohol Consumption 

Physical Activities    Multivitamin Intake 

 

 

 

 

DEXA-Scanning Results 

Total BMD  

Total T-score  

Total Body Fat  

Body Mass Index   

 

 

 

Laboratory Investigation 

Total Plasma Homocysteine   

Total Plasma Vitamin B12  

Total Plasma Folic Acid (Folate)  

Total Plasma Vitamin D  

Total Plasma Calcium   

 



Appendix ( III ) 

DEXA Scan Report Sample 

 

 



 



 



 حكومة أقليم كوردستان العراق

 وزارة التعليم العالي و البحث العلمي

قنيةجامعة دهوك الت   

 الكلية التقنية الصحية في شيخان

 

 

في بالزما  3فيتامين د  و 12 يمض الفوليك ، فيتامين باستين ، حيهيوموسالقياس اجمالي " 

" النساء في سن اليأس المصابات بحالة تنخر العظام في مدينة دهوك عندالدم   

 

جامعة دهوك التقنية كجزء من  -رسالة مقدمة إلى مجلس الكلية التقنية الصحية في شيخان 

 .متطلبات نيل شهادة الماجستير في الكيمياء السريرية

 

 من قبل الطالب

مان جمعة أحمداس  

البيطريبكالوريوس في الطب   

 

 بأشراف

 د. ضياء مصطفى سليمان

 دكتوراه  في الكيمياء السريرية
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الصة ــالخ  

مض االميني االدراسات الحديثة تشير الى انه المستويات العالية للح  داف:ـلفية واالهـالخ

 تنخر العظام التي تؤدي الی الکسورهوموسيستين له عالقة مباشرة بزيادة نسبة خطر االصابة ب

الحمض االميني مرتبط   او تشير ايضا ان مستوى هذ  ,)بعد سن اليأس(  لدى المسنين خاصة النساء

. زيادة نسبة و حامض الفوليك 3, فيتامين دي 12بشكل اساسي بمستويات كل من فيتامين بي 

حامض الفوليك, الهوموسيستين في بالزما الدم وكذلك انخفاض ملحوظ في مستويات كل من 

. لذلك, العظاميشير الى زيادة احتمالية حدوث هشاشة وفقدان قوام    3و فيتامين دي    12فيتامين بي  

الى تحديد مستوى الهوموسيستين في الدم, ففي حالة زيادة نسبة الهوموسيستين تهدف هذه الدراسة  

( وانخفاض مستوى كل من حامض الفوليك, فيتامين بي 𝜇mol/L  15من   أکثرعن الحد الطبيعي )

 .وبالتالي الکسور تتنبأ بسوء تشخيص حالة العظام و هشاشته 3و فيتامين دي 12

( سنة 85  –  04هن بين )رة تتراوح أعماأ( امر90اجريت دراسة مقطعية على )  مل:ـة العـطريق

. تم استخدام جهاز )ديكسا( للحصول على المعلومات حول قيمة )تي 2018 – 2017في عامي 

في مركز دهوك لالمراض الروماتيزمية واعادة  الموجود سكور( المسجلة من حاسبة الجهاز –

لغرض   (23في هذه الدراسة تم استخدام برنامج )اس بي اس اس ( االصدار رقم ).الطبي  التأهيل

مالت اأنه هل هناك عالقة أحصائية بين اجمالي الهوموسيستين في بالزما الدم و مع  الحصول على

 الدراسة االخرى.

ستين في الدم بتشوهات الهيكل العظمي وهشاشة في العظام. في ي يرتبط فرط الهوموس ج:ـائ ـالنت

هذه الدراسة اختبرنا ما إذا كانت مستويات الهوموسيستين واإلنزيمات الحرجة في عملية أيضه 

و حامض الفوليك التي لهم عالقة بكثافة المعادن في العظام  3و فيتامين دي  12بي  مثل فيتامين

ى )بعد انقطاع الطمث( المشاركين في هذا البحث. تم الوصول التي تقاس بجهاز ديكسا للمرض

وثيقة مع كل من العمر, قياس  (0.01اقل من  p الى النتائج على انه الهمومسيستين على عالقة )

و  سكور( –و كذلك مع مجاميع )تي  3, وفيتامين دي 12الخصر, حامض الفوليك, فيتامين بي 

 .(0.05اقل من  p ) مؤشر كتلة الجسم و اجمالي الدهون في الجسم أيظا له عالقة مع كل من



هو مؤّشر على تطور مرض هشاشة  ستيني الهوموس يبدو أن الحمض االميني تاجات:ـاالستن

العظام بين مجتمع الدراسة )النساء المسنات في مدينة دهوك(. البيانات الحالية تشير إلى وجود 

و حامض الفوليك وتمعدن العظام. توثق بياناتنا  3, فيتامين دي 12عالقة كبيرة بين فيتامين بي 

لعب دوًرا في التسبب في تطور حالة الفرضية القائلة بأن الحمض االميني الهوموسيستين قد ي 

 .هاكسورو  هشاشة العظام



ىعێراق اكوردستان  اهەرێم  

زانستى يتڤەكۆلين و  بااڵ اخوێندن  اوەزارەت   

دهۆك يا كويا بوليتە كنيكزان   

تە كنيكي تە ندروستى شيخان اێژكول  

 

 ٣دي  ڤيتامين و ١٢، ترشى فۆليك، ڤيتامين بتينسهوموسي تێکرایی انايڤپ

 ئدهۆك باژارئ ل دانعه مرين ئافرەت پالزما  د ناڤ

 

زانکويا پوليتە کنيک  –ا کوليژا تە کنيکی تە ندروستی شيخان نامەيەك پێشكەش بۆ جڤات 

ە ئينانا باوه رناما ماستە رئ ل بوارئ ڤويست بو ب ده ست ێپڤیین دهوک وه ک بە شە ک ژ پيد

 .ژيانیکيميا 

 

قوتابی ێژ الي   

 سامان جمعه آحمد

 بکالوريوس ب پزيشکی فيتيرنە ری

 

 

سەرپەرشتياب   

سليمانموستهفا  ضياءد.   

ل کيميا ژيانی دكتۆرا  
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 ته ـــپوخ

ەمینی ئ استێ ترشێ ئ ی دیاردکەن کو بلندبونا وچەند ڤەکولینێن ن  ج:ـو ئامان ينه ـپيش

زێدەبونا توشبون ب پیتیبونا هەستیا و شکەستنا وان ب تایبەت ل هوموسیستین گرێدایە د گەل 

 ١٢استێ هەر ێک ژ ڤیتامین بئ استێ هوموسیستین گرێدایە ب ئ د هێتە زانین کو  .دەف مەزنا

استێ ئ ەڤ ڤەکولینە گرنگیێ ددەتە دیارکرنا ئ ، و ترشی فولیک ژبەر هندێ ٣، ڤیتامین د

( و کێمبونا ١٥استێ وی یێ سروشتی )ئ تینی پتر ژ  استێ هوموسیسئ ،کو بلندبونا  هوموسیستینی  

ەگەرەکێ سەرەکی بو ئ، و ترشی فولیک د بیتە ٣، ڤیتامین د ١٢ڤیتامین باستێ  هەر ێک ژ ئ 

 دیارکرنا ساخلەمیا هەستیا.

ژنان کو ژیێ وان د ناڤ  ٩٠ەنجامدان ژ بو ئڤەکولينەکا پارچەيی هاتە  :رنێـن کارکـرێکێ

-٢٠١٧ سالین ل ژياند دەوروبەرا ل ل سەنتەرێ باژەرێ دهوکێ و  كو بو  ساال ٨٥-٤٠ رابە

امیرێ ئ کو د هاتنە تومارکرن ژ الیێ     t-score. و زانیاری هاتنە وەرگرتن ل دۆر خالێن  ٢٠١٨

DEXA  دڤێ ڤەکولینێ دا  .ن و شیاندنا نوژداریل سەنتەرێ دهوک یێ نەخوشیێن گەها

یوەندیێ د ناڤبەرا هوموسیستینێ د خوینێ دا د گەل بو دیارکرنا پە ٢٣کوپیا  SPSSپروگرامێ 

 .هاتە بکارئینان گوهرینێن دیێن ڤەکولینێ

استێ  هوموسیستینی د خوینێدا گرێدایە ب تێکچون و سستبونا هەستیا ئزێدە بلندبونا  :جامـئهن

 میتیونینەنزیمێن فەر ب دوبارە گوهورینا هوموسیستینی بو ترشێ  ئ استێ  ئ دیارکرنا  و هەر وەسا  

پشتی نەمانا زڤروکا هەیڤانە. زانیاریێن بەردەست د ڤێ ڤەکولینێ دا  ژنێن دانعەمر ٩٠ل 

استێ  هوموسیستینی گرێدایە ب شێوەیەکێ راستەوخو د گەل هەر ێک ژ ژی، ئ دیاردکەن کو 

و  ، ترشێ فولیک٣،ڤیتامین د١٢و ڤیتامین ب t-score، پیڤانا گروپێن BMIپیڤانا نافتەنگێ، 

 .تێکرایێ چەوریا لەشی

هوموسيستينی پيڤەرەکێ گرنگە بو پێشڤەبرنا   ئاستێ   ئەڤ ڤەکولينە دياردکەت کو   ام:ـدەرئهنج

نەخوشيا پێتيبونا هەستيا د ناڤبەرا ژنێن بەشدار د ڤەکولينێدا و هەروەسا زانياريێن تومارکری 

و دەرئەنجام ا هەستيا دياردکەن کو پايوەنديەکا ئێکسەر د ناڤبەرا هوموسيستين و کانزايکرن 



و ترشێ فوليک و هوموسيستين روالکێ گرنگ د بينن د  ١٢و ب ٣دەردکەڤيت کو ڤيتامين د

 ژنێن دانعەمر. ل ده ف پێتيبون و شکەستنا هەستيا ب تايبەت
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