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ABSTRACT 
 

Evaluation of Total Serum Antioxidant and Some Biochemical Parameters in 
Women with Osteoporosis 

 

Kawar Farsat Ali HUSSEIN 
 

Master’s Thesis 

FIRAT UNIVERSITY 
Graduate School of Natural and Applied Sciences 

 
Department of Chemistry 

Biochemistry 
August 2020, Page xiii+51 

Background and objectives: Osteoporosis is a condition of increased bone loss, which leads to increased 

bone fragility and a marked increase in the risk of fractures. Oxidative stress has been proved involved in bone 

resorption. Therefore, this research aims at comparing the serum levels of total antioxidative status between 

women with and without osteoporosis. Moreover, the influence of vitamin D, calcium, vitamin B12, and folic 

acid were also examined. 

Methods: 106 females who attended the Duhok rheumatoid center and conducted bone densitometry 

participating in this cross-sectional survey. The liver diseases, metabolic bone diseases, chronic kidney 

diseases, gastrointestinal diseases, chronic inflammation, thalassemia, cancer, and patients who were taking 

antioxidant or hormone replacement therapy where prevented or excluded from the study. A research 

questionnaire was used to organize contributors with the required information. By using automated Cobas 

6000, serum total vitamin D, serum calcium, vitamin B12, folic acid levels were determined and the total 

antioxidant level was determined by spectrophotometer. 

Results: In osteoporotic individuals, mean values levels for total antioxidant and folic acid were 

significantly decrease compared with the control group. The vitamin B12 and calcium levels were not changed. 

Vitamin D did not demonstrate any large variation among the study population in groups with a high incidence 

of vitamin D insufficiency. The total antioxidant level positively corresponded with total bone mineral density 

in the entire study population as stated by Pearson correlation analysis. In the sample of women; age was 

negatively related to total bone mineral density, also in this investigation population body mass index was 

positively related to total bone mineral density. The folic acid in the patients were positively corresponded. 

Conclusions: The study findings of this survey demonstrate that oxidative stress may be a consequential 

indicator of bone loss in postmenopausal women. 

 
Key word: Antioxidant, Oxidant, Oxidative stress, Vitamin D, Calcium, Vitamin B12, Folic Acid, 

Osteoporosis. 
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ÖZET 

 

Osteoporozlu Kadinlarda Total Serum Antioksidan ve Bazi Biyokimyasal 
Parametrelerin Değerlendirilmesi 

 
Kawar Farsat Ali HUSSEIN 

 
Yüksek Lisans Tezi 

 
FIRAT ÜNİVERSİTESİ 
Fen Bilimleri Enstitüsü 

Kimya Anabilim Dalı 
Biyokimya  

Ağustos 2020, Sayfa: xiii+51 
 

Giriş ve hedefler: Osteoporoz, kemik kırılganlığının artmasına ve kırık riskinde belirgin bir artışa yol açan 
artmış kemik kaybının durumudur. Oksidatif stresin kemik rezorpsiyonu ile ilişkili olduğu kanıtlanmıştır. Bu 
nedenle, bu araştırma osteoporozlu ve osteoporozsuz kadınlar arasındaki total antioksidatif durumun serum 
düzeylerini karşılaştırmayı amaçlamaktadır. Ayrıca D vitamini, kalsiyum, B12 vitamini ve folik asidin etkisi 
de incelenmiştir. 

Yöntemler: Duhok romatoid merkezinde kemik dansitometrisi uygulayan 106 kadın bu araştermaya katıldı. 
Karaciğer hastalıkları, metabolik kemik hastalıkları, kronik böbrek hastalıkları, gastrointestinal hastalıklar, 
kronik inflamasyon, talasemi, kanser ve antioksidan veya hormon replasman tedavisi alan hastalar çalışmaya 
dahil edilmedi.Katılımcıları düzenlemek için gerekli bilgileri içeren  bir araştırma anketi kullanıldı. Otomatik 
Cobas 6000 ile serum toplam D vitamini, serum kalsiyum, B12 vitamini, folik asit seviyeleri tayin edildi ve 
toplam antioksidan seviyesi spektrofotometre ile değerlendirildi. 

Sonuçlar: Osteoporotik bireylerde, toplam antioksidan ortalama değerleri ve folik asit için seviyeleri kontrol 
grubu ile kayaşlandığende önemli ölçüde azalmıştır. B12 vitamini ve kalsiyum seviyeleri düzeyleri 
değişmedi. D vitamini yetmezliği insidansının yüksek olduğu gruplarda çalışma popülasyonu arasında büyük 
bir değişiklik göstermedi. Toplam antioksidan seviyesi Pearson korelasyon analizi ile belirtildiği gibi tüm 
çalışma popülasyonunda toplam kemik mineral yoğunluğuna pozitif olarak karşılık geldi. Kadın 
örnekleminde; yaş toplam kemik mineral yoğunluğu ile negatif ilişkiliydi, bu araştırmada da popülasyonun 
vücut kitle indeksi toplam kemik mineral yoğunluğu ile pozitif ilişkiliydi. Hastalaraledi folik asit seviyeleri  
pozitif yünde karşılık geldi. 

Sonuçlar: Bu araştırmanın  bulguları, oksidatif stresin postmenopozal kadınlarda kemik kaybının bir sonucu 
olabileceğini göstermektedir. 

 
Anahtar Kelimeler: Antioksidan, Oksidan, Oksidatif stres, D Vitamini, Kalsiyum, B12 Vitamini, Folik Asit, 
Osteoporoz. 
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Abbreviations 
 

BMD : Bone Mineral Density 

BMI : Body mass index 

DXA (DEXA) : Densitometry X-ray (Dual-energy X-Ray absorptiometry) 

FA : Folic Acid 

MTHFR : Methylene Tetrahydrofolate Reductase 

NS : No Significant 

OP : Osteoporosis 

OS : Oxidative Stress 

PBM : Peak Bone Mass 

PMO : Post-Menopausal Osteoporosis 

RNS : Reactive nitrogen species 

ROS : Reactive oxygen species 

SD : Standard deviation 

TAS : Total antioxidant status 
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WHI : Women’s Health Initiative 

WHO : World Health Organization 



  1.     INTRODUCTION  

Osteoporosis is an endless and multifactorial confusion that described via low bone mass and 

micro-architectural weakening of bones  [1]. It has been documented that bone break is an important 

consequence of osteoporosis  [2].The Osteoporosis pathologic process is imperfectly understood. 

Furthermore essential factors are aging and genetic factors, in addition to these factors there are 

many factors for instance inhalation of cigarette, disable to move, inadequate consumption of 

calcium, problems of the thyroid gland, and complaint in the task of parathyroid, troubles in the 

tract of (GI) gastrointestinal, renal sickness [3], race, sex, previous fractures, long-standing laziness, 

microgravity, more than is necessary physical activity, underweight, hormones, drugs, oxidative 

stress-linked factors, low antioxidant level, more than necessary eating lipid, food inadequacy give 

rise to osteoporosis (OP) [4, 5]. Osteoporosis is the fourth-factor minatory human health after heart 

failure, brain failure, and cancer; according to the WHO document in 1991  [6]. 

New research subjects focused on metabolism that affected by free radicals of bone below 

pathologic cases and physiologic  [7]. Aging pathophysiology process is affected by oxidative stress 

according to the evidence of survey results [8] or weak antioxidant rotating concentration levels 

were suspected hold connected accompanied by diminished BMD (bone mineral density) and 

triggered by laboratory tests or animal researches osteoporosis [9]. 

It is demonstrated evidence that reactive oxygen species (ROS) are involved in bone 

resorption, with a direct contribution of osteoclast generated superoxide to bone degradation  [10]. 

A several years ago, tremendous steps have been taken in analyzing appropriate experimental tests 

to determine such oxidative stress biological marker; like the standard of glutathione peroxidase, 

lipid peroxidation, catalase enzyme, superoxide dismutase, DNA damage, total antioxidant level, 

minerals such as selenium and zinc and vitamins of antioxidant like A, C, and E. To evaluate age-

related disease like osteoporosis, OS biomarkers have been examined in various tissues. 

Consequently, the utilize of biological markers facing distinguish long-suffering persons with OS 

can frequently beneficial for the diagnosis of osteoporosis [11].  

Low level of cobalamin (B12) and vitamin B9 (Folic Acid)  concentrations along with the 

increasing of homocysteine concentration was associated in a few trials with a lower bone mineral 

density which occurred in an increased likelihood of a bone break in older women [12]. An elevated 

plasma homocysteine concentration (more than 15𝜇mol/L) predominates in people between the 

ages 50-60years comparison to young people. The mechanism of this is a synthesis of manufactured 

and inherited components, nutrition, behavior and hormonal components [13]. Vitamin B12 and 

folic acid are crucial elements of homocysteine metabolism and was shown to be effective in 

balancing homocysteine concentrations [14]. The theory was that the changing of enhanced levels 
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of homocysteine by taking supplements folate and vitamin B12 may preserve healthy bone tissue 

problems [15]. 

Calcium and vitamin D3 has also been documented to provide a significant position inside 

the health protection of tissue of bones. Steady calcium ingestion and vitamin D3 in a patient with 

osteoporosis are necessary to appropriate medication. Likewise, it has been confirmed that almost 

50% of women attending bone loss treatment have included the insufficient level of vitamin D3 

along with about 90% of women who do not take enough calcium. New researches show that a 

majority of drugs promote healing from osteoporotic illness can correspond to reducing the risk of 

bone breaks. This boost can be supported by the existence of adequate levels of calcium and vitamin 

D3 in these treatments [16]. 

1.1.  Aims of the study 

The target of this survey is for measurement consequence of total serum levels of antioxidant 

status, serum folic acid, serum vitamin B12, vitamin D3 and calcium on the prognosis and even as 

a part of the risk for osteoporosis among menopause women in Duhok city\Iraq. The specific 

objectives are: 

 To estimate total antioxidant status in healthy and osteoporotic women. 

 Measure the serum level of vitamin B9 (folic acid) and cobalamin (B12) for participant. 

 Measure the serum levels of both vitamin D3 and calcium. 

 Evaluate the relationship between total serum antioxidant levels and other nutritional 

elements as a danger factor for developing osteoporosis women enrolled in this study. 

 To show the relationship between total antioxidant status and BMD 

1.2.  Bone Definition and Function  

Bone is a metabolically active tissue formed of the organic mineralized bone matrix 

produced by specialized bone cells. In teams , these cells work to eliminate and replace bone tissue 

[17]. Bones have so many tasks; they give the whole body it is architecture [18], provide assistance 

and soft tissue safety [19],  and has an essential metabolic function acting as a mineral reservoir for 

storage of calcium, magnesium and phosphates that are required for the maintenance of blood 

homeostasis  [20]. Furthermore, they operate with the muscles to keep the body moving. They 

contain bone marrow that manufactures blood cells [21]. 
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1.3.  Bone Homeostasis and Remodeling Cycle 

Bone homeostasis is strongly regulated by remodeling  [22], during which the skeleton 

demonstrated persistent reconstruction by a sequential remodeling process pattern (Figure1.1). In 

adults, remodeling is responsible for approximately 95% of bone turnover and about 10% of bone 

is replaced each year  [23]. Osteoblasts and Osteoclasts cells are the main actors in the mechanism 

of bone reconstruction and repair process. Normally, there is an active balance between osteoblast 

and osteoclast activity [7].In general, bone homeostasis related to three categories of cells: 

osteoblasts, osteoclasts, and osteocytes [24].  Numerous growth factors controlled and organized 

the heterogeneous mix of cells, which is cytokines, hormones, and other signals [25]. 

Osteoclasts which are responsible for bone resorption, remove old or damaged bone by 

dissolving the mineral and breaking down the bone matrix  [23]. In the end, the building of the 

mature bone occurs by calcifying in the form of osteoid which osteoclasts proceeds from the bone 

position go through resorption and exchanged by osteoblasts [26]. Osteocytes form a complex and 

organized network of interconnected cells throughout the mineralized bone matrix that supports 

bone structure and maintenance. Under normal conditions, the remodeling process of resorption 

followed by formation is closely coupled [24, 27]. This phase corresponds toward maintaining bone 

density and a balanced interaction throughout bone resorption and formation  [28] and thus leading 

in no net change in bone mass [24]. 

 

Figure 1.1. Remodeling Process of Bone   
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Osteoporosis results from an imbalance between osteoblastic and osteoclastic activity, in this 

case, bone resorption significantly exceeds bone formation  [29, 30]. The body will start losing 

bone rapidly and renders the bone fragile and more sensitive to breaking [31]. 

1.4.  Peak Bone Mass (PBM) 

The amount of bony tissue present at the end of the maturation of the skeletal system is 

known as peak bone mass(PBM)  [32]. PBM could be characterized as maximum bone mineral 

density, that peaks substantially to 80-90% in late adolescence, and later in life is a determinant 

factor of bone mass (Figure 1.2)  [33], while the density of bone tissue is the variance between the 

quantity gained at adulthood and which loss with aging level throughout adult life [34]. 

 

 

Figure 1.2. Alters in Bone Mass Across both Men and Women Related to Age. 

 

1.5.   Osteoporosis Overview 

Osteoporosis (OP) recognizes by the world health organization (WHO) as  A systematic 

skeletal dysfunction distinguished by low bone mass and micro-architectural deterioration of bone 

tissue, , with a subsequent increase in bone fragility and susceptibility to fracture  [4]". (Figure 1.3) 

shows normal and osteoporotic bone. 
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Figure 1.3. Healthy and Osteoporotic Bone  

1.5.1. Osteoporosis Classification  

Osteoporosis can be classified in to two type: 

Primary Osteoporosis 

The most popular type of this case is the primary osteoporosis, it does not connect to other 

conditions or complications, as contrasted to secondary osteoporosis [35], and include the juvenile 

and idiopathic osteoporosis. Osteoporosis of idiopathic may also be partitioned into (type I) 

postmenopausal and age-linked or senile (type II) osteoporosis [35, 36]. 

A- Juvenile Osteoporosis  

This type of osteoporosis is rare and occur in children [36] 

B- Idiopathic Osteoporosis 

 Type 1 OP: Type 1 occurs in menopausal women, Therefore, this type is known as 

postmenopausal osteoporosis and takes place in 5% to 20% of women, going to 

affect menopausal women within 15-20 years [34]. 

 Type 2 OP: This type is known to as age-linked or senile OP and happens in men 

and women above 70 years old. This sort of osteoporosis is related to aging bone 

loss [37].  

Secondary Osteoporosis 

Secondary osteoporosis develops as a result of the major physiopathological effect of 

different illnesses and conditions of other organs and tissues in the body on the skeletal bones [4]. 

Secondary OP provides for maybe 40% of the entire percentage of fracture of osteoporosis by a 

specialist seen in various series of osteoporotic cases [34]. There are a number of diseases and 
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conditions associated with increased risk of secondary OP, including lack of balance in hormones 

(example; hypercortisolism (Cushing’s syndrome)), several parts of myeloma in cancer, illnesses 

of the gastrointestinal tract (specifically malabsorption caused by inflammatory bowel sicknesses) 

and different other disorders. Moreover,  the number of typical treatments are linked to increased 

secondary osteoporosis, involving glucocorticosteroids, anticonvulsants, gonadotrophin-releasing 

hormone agonists and estrogen antagonists(example; Tamoxifen) [38]. 

1.6.  Osteoporosis Epidemiology and the Linked Fractures 

It has been reported that 200 million women worldwide are affected by osteoporosis, with a 

third of these women aged 60 to 70 and the remaining over 70 [39]. The globally yearly prevalence 

of fracture in 1990 was measured at 1.29 million and is projected to increase to 2.6 million by 2025 

and 4.5 million by 2050 [40]. In Northern Europe, Northern United States, Southeast Asia is 

documented for the maximum fracture frequencies with the minimum in African [41]. 

Approximately three-quarters of the world population reside in Asia  [42]. In Asia, the 

frequency of breaks is expected to increase. It is projected the prevalence will hit 65000 by 2020, 

and approximately 175000 by 2050 [43].  Gorial, et al’s 2013[44] cross-sectional study in Baghdad 

city/Iraq to evaluate the frequency of osteoporosis in postmenopausal Iraqi women revealed a high 

prevalence of OP among the study population(22.8%) [44]. 

In the United States,  approximately  44 million Americans are harmed by OP and low bone 

mass [45], and approximately 1.5 million breaks are due to OP yearly  [46]. The estimation of the 

national institute for health and clinical excellence (NICE) is 2 million people in England and Wales 

have osteoporosis  [47].  

1.7.  Risk Factors for Osteoporosis 

Risk factors break into two major categories, modifiable, which are those that can be 

changed, and fixed or non-modifiable, those that cannot be changed. Though, there is no way to 

control fixed risk factors  [5]. 

Unchangeable (unmodifiable) 

Include race, sex, genetics, age, family history, body size, and a previous fracture [5]. 

Changeable (modifiable) 

Involve chronic inactivity, low lifetime calcium ingestion, low body weight, drugs utilized, 

and oxidative stress-linked factors( such as smoking, alcohol intake, low antioxidant level,  food 

deficiency, unnecessary sports activity and more than necessary caffeine intake) [5]. 
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1.8.  Oxidative Stress (OS) 

Oxidative stress (OS) which presumably increases with age is a condition of excess 

formation of free radicals either by physiological or pathophysiological processes and states of 

insufficient antioxidant defense  [48].  

Oxidative stress occurs when the formation of free radicals and active intermediates are 

raised in a system that the ability of the system to neutralize and remove them  [8, 49]. It is generally 

accepted that OS is an irreversible trait of life, induced by the reactive forms of oxygen produced 

during normal respiration by the oxidative explosion of macrophages in the answer of infection  

[50], trauma, inflammation and several exogenous agents like cigarette smoke or environmental 

pollution  [51]. Figure 1.4 describes the role of OS in chronic disease growth. 

 
 

 

Figure 1.4. Oxidative stress/antioxidants and chronic diseases  

 

1.8.1. Reactive Species in Biological Systems Overview 

Free Radical can be characterize as reactive chemical species  [52], which are capable of 

independent existence and contained one or more unpaired electrons  [53]. Free radicals may be 

either oxygen derived (ROS , reactive oxygen species) or nitrogen derive (RNS , reactive nitrogen 

species) [54]. Both reactive species categories comprise unbound radicals which were intensely 

(atoms, molecules, and ions) considered as a reactive chemical species  [55]. The free radicals 

oxidize and damage many biological structures, this is identified as oxidative damage, a potential 

cause of aging, cancer atherosclerosis, chronic processes of inflammation and cataracts   [56]. Free 

radical isn’t always harmful, nevertheless. They serve also a vital role in the human body  [57]. The 

radicals of oxygen in the biological system are possibly combination needed in the cytology cycle 
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of purulence. White blood cells produce free radicals as part of a body protective mechanism 

towards disease to kill attacking pathogenic microbes. The total elimination of these radicals will 

thus not only be impossible but also hazardous  [58].  

Reactive Oxygen Species (ROS)  

All molecules have this feature of reactive oxygen species (ROS), which are highly reactive 

and include oxygen. ROS is the consequence of normal cellular metabolism generated by living 

organisms  [10],  specifically in the Mitochondria  [59] and involves unbound radicals such as 

superoxide anion (•O2
-), per hydroxyl radical (HO2•), hydroxyl radical (•OH), nitric oxide (NO),  

and other species such as hydrogen peroxide (H2O2)  [60], singlet oxygen (1O2), hypochlorous acid 

(HOC1), and peroxynitrite (ONOO−)  [59]. 

They act in physiological cell pathways at low to medium levels, however, at high 

concentrations they generate undesirable modifications to cell elements, such as lipids, proteins, 

and DNA  [61]. These reactive molecules are the organisms many commonly researched, and play 

significant positions in many pathogens pathophysiology [49]. Throughout mammalian, there are 

the below biological origins of ROS; mitochondria  [62], endoplasmic reticulum, peroxisomes, 

cytosol, plasma membrane, and extracellular space. Key ROS factors comprise the biological 

processes of cellular respiration  [63].  

Reactive Nitrogen Species (RNS) 

Accumulative terms that belong to reactive nitrogen species (RNS) involving 

peroxynitrite(ONOO−), nitric oxide radical (NO•), nitrogen dioxide radical (NO2•), and other 

oxides of nitrogen and consequences appearing when NO• reacts with •O-
2, RO•, and H•NO•  

[62].Overabundance manufacturing of reactive nitrogen species known as nitrosative stress. 

Nitrosative stress can come up with nitrosylation reactions which can alter the protein composition 

and consequently hinder its natural function  [64]. 

1.9.  Antioxidants 

The compound that prevents oxidation of some chemicals called antioxidant. By neutralizing 

the dangerous outcome of free radicals preservation of cell components occur  [54]. Antioxidants 

minimize oxidative damage to biological systems whether by avoiding ROS production or by 

quenching ROS before reacting with other biomolecules  [60]. 

Oxidation is a chemical process that transfer electron to an oxidizing agent from a substance. 

Responses to oxidation can generate free radicals and harm the cell by producing series reactions. 

Antioxidants stope or terminate these series reactions by removing free radicals intermediate and 

preventing other oxidizing agents including thiols, ascorbic acid, or polyphenols  [65]. They are 
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thus actually essential to maintaining optimum cellular and systemic health [66]. OP is mediated 

by induction of ROS, which are an important role in the promotion of this disease. Antioxidants 

that inhibit the production of ROS thus have a high clinical value in managing of OP  [26]. 

1.9.1. Anti-oxidants Classification 

Antioxidants can be either endogenous substances, created by the organism as a result of its 

ROS defense, or they could be exogenous compounds gained from the diet, according to the source  

[60]. The metabolism of the body produce some chemicals called endogenous antioxidants may be 

enzymatic or non-enzymatic  [55, 67]. 

Enzymatic antioxidants that compromised in the ROS degradation are superoxide dismutase  

[52] catalase and glutathione peroxidase. Non-enzymatic antioxidants work by disrupting free 

reactions to the radical series. Vitamin C, vitamin E, plant polyphenol, carotenoids  [68], metal-

binding proteins (example; ceruloplasmin, glutathione, uric acid, melatonin, bilirubin, and 

polyamines are certain instances of the non-enzymatic  [55]. 

 1.10. Previous Studies Review of Oxidative Stress and Osteoporosis 

Reports in vitro or animal experiments have shown which oxidative stress has a significant 

effect on the distinction and task of the osteoclast. Pathogenesis of bone loss can include ROS and 

antioxidant systems  [11, 69, 70]. 

The enhanced development of reactive oxygen species as a source of superoxide is leading 

to osteoclastic activity in bone destruction and has related to the high production of reactive oxygen 

species accountable for higher serum malondialdehyde concentrations  [30, 71]. The survey of  

Altindag, O., et al. [10] concluded that oxidative stress in postmenopausal osteoporosis increased 

osteoclastic interaction and a reduction in osteoblastic activity. Besides Sharma, T., et al.,  [72] 

checked for postmenopausal osteoporotic women, the connection between bone mineral density 

and oxidative stress. In postmenopausal women, which have osteoporosis researchers documented; 

serum glutathione peroxidase, superoxide dismutase, and catalase were lower than in the control 

population.  Other surveys Maggio, D., et al.,  [73], women with osteoporosis osteoporotic women 

explored plasma antioxidants and indicated that antioxidant protections in osteoporotic females had 

reduced considerably. However, Wolf, R.L., et al.,  [74] observed that somehow the rate of serum 

antioxidants is not connected with mineral density in the bone. 

1.11. Calcium Role  

Calcium is considered an essential mineral for human health and is necessary for various 

metabolisms in the cells. Calcium is stated to be the critical component of the skeletal structure. In 
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particular, other body functions, such as natural cardiovascular function, neuromuscular movement, 

and blood coagulation, are also critical. Studies suggest that calcium is transported from bone to 

bloodstream under the effects of parathyroid hormone to accommodate for the reduced plasma level 

during life. Which is around 99% of body calcium is believed to be a solid mass deposited in bones 

and teeth, while the remaining mass is stored in plasma and extra cell fluid at around 1%. Moreover, 

the calcium present in plasma and extracellular fluid (ECF) is used for all physiological behavior 

of the body. To maintain a balance, the supplementation of daily calcium is necessary. Ultimately, 

the ingested calcium is absorbed by the action of vitamin D3 in the small intestines. On the other 

side, kidneys play a big role in excreting excess calcium  [75]. 

Calcium is a crucial nutrient for the wellness of skeletal. Furthermore, bone loss and OP are 

not related to calcium deficiency unless in individuals suffering from serious malnutrition or in the 

very elderly. Very low calcium intake in growing children may prevent the accumulation of skeletal 

mass and disrupt the achievement of optimal bone mass which may expand the danger of OP in old 

age [76]. 

Bone functions like a calcium storing store, and if the blood concentration decreases beyond 

normal values  [77], the controlling hormones of the body reply by extracting calcium from the 

bones to be used in other important functions of the body. But when this cycle will continue to 

occur over time, the bones become weaker because a calcium deficiency contributes to an 

incomplete calcification of the organic matrix produced [78] and therefore an increased risk of OP  

[79]. Information from cross-sectional research shows that bone loss after menopause happens 

progressively. In the 25 years after menopause, 12% of total bone calcium is lost, and up to 50% 

of this reduction arises in the first 10 years after menopause  [80]. 

1.12. Vitamin D3 Role 

Vitamin D3 is classified as lipid-soluble vitamins and plays a significant role in bone 

maintenance. Vitamin D is crucial for strong healthy bones and plays an important role in the 

elimination of osteoporosis  [42]. The main job of vitamin D3 is to control intestinal calcium 

absorption and thus lower bone resorption  [81]. The function is primarily to maintain healthy range 

levels of serum calcium and phosphorous, thus promoting bone mineralization  [56, 78]. The 

principal sources of vitamin D3 are direct exposure to sunlight along with eating food rich in 

vitamin D3 and, as a supplement, With increasing age, there is a decrease in the ability of the skin 

to build precursors of the active vitamin D in the skin when exposed to sun  [82]. At the same time, 

the potential of kidneys to activate 25(OH) D decreases [83]. As a response, deficient vitamin D 

may not just lead to the progressive loss of bone and enhanced delicacy even so also to 

neuromuscular weakness, which can enhance the danger of falling. Vitamin D deficiency has also 

been found to correspond with low BMD (Figure 1.5)  [36]. Modern studies suggest that the 
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majority of the population (approximately 90%) aged between 50 and 70 years of age do not obtain 

adequate vitamin D3 and have vitamin D3 deficiencies [81].  

The 7 dehydrocholesterol, which is typically present under the skin, is absorbed by the direct 

sunlight or ultraviolet B (UVB) radiation in terms of sunlight exposure. Provitamin D3 is produced 

appropriately. This material is unstable and is converted by heat into inactive vitamin D3  [84]. 

Therefore, after combining with vitamin D3 binding protein (DBP), inactive vitamin D3 was 

transported to extracellular space and then entered blood capillaries and traveled towards the liver. 

Therefore the first hydroxylation cycle to form [25(OH)D] 25-hydroxyvitamin D3 inside the liver 

Secind, it transfers from liver to kidney, particularly via vitamin D3 binding protein(DBP),  to cells 

of the kidney tubules. As a contributor, the second hydroxylation pathway will result in the 

synthesis of [1,25(OH)2 D] 1,25-dihydroxy vitamin D whatever is biologically the energetic shape 

of vitamin D3 and takes part in a significant in calcium homeostasis  [16]. 

Eventually, it should be mentioned that low exposure to sunlight can present a high endanger 

of vitamin D shortage because of vitamin D deficiency due to the synthesis for approximately 90% 

of vitamin D in the skin following exposure to sunlight. A limited amount of vitamin D can be 

processed by taking food  [85]. In particular,  the vitamin D  mechanism can indirectly be associated 

with the elimination and osteoporosis treatment, probably due to its effects on calcium 

bioavailability  [86]. 

 
 
 

 

Figure 1.5. Flowchart of mechanisms leading to low bone mineral density and fractures  
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1.13. B-Vitamins and Bone Health 

Bone loss and the risk of fracture caused by food deficiency, these are significant causes of 

the hip break in elderly  [87-89]. Bone physiology crucial nutrients are calcium and vitamin D as 

reported by most researchers, other nutrients as documented in surveys can able has an important 

role in assist bone health  [90, 91]. Bone health and avoidance of fractures are protected by vitamin 

B complex as researched. Energy making metabolic operation for carbohydrates, lipids, and 

proteins is enhanced by cofactors B vitamins.  B vitamins have a significant role in retaining the 

nervous system functioning. B vitamins and bone health contribute in many papers that demonstrate 

the focus of B12 (cobalamin) and B9 (folate), these are considered as cofactors for the enzymes 

intimated in the re-metabolism of homocysteine  [92-95]. Nevertheless, bone physiology 

functioned by these parts of (thiamine, riboflavin, niacin, pyridoxine, B9, and cobalamin) which 

are B vitamins. 

Inadequate intake of vitamin B has been confirmed among patients with the break of the hip. 

In several observational surveys documented the connection between specific B vitamins 

(riboflavin, pyridoxine, folate, or cobalamin) and slighter danger of osteoporosis or hip fracture. 

Many other studies have been done among Caucasian populations, but results were contrary to 

between surveys or over various B complex vitamins. So, increasing the risk of the break was 

disturbed by homocysteine, however, it must be illustrated how these B vitamins change healthy 

bone terminated their bind to the metabolism of homocysteine. Until nowadays most papers on 

clinical surveys done do not demonstrate the use of administration of B vitamins extra element on 

the elimination of fracture and osteoporosis [96]. 

1.13.1. Vitamin B9 (Folic Acid) and Evidence from Observational Studies 

Folate is the better name of vitamin B9,plays a central role in the one-carbon metabolism in 

the nucleotide synthesis, in the metabolism of homocysteine, as well as in the methylation of DNA, 

RNA, proteins and phospholipids  [97, 98]. As with other B vitamins implicated in the 

homocysteine metabolism. In the methylation process, methionine synthesis relies on re-

methylation from both folate and B12. Megaloblastic alters in the bone marrow and other tissues 

are symptoms of B vitamin inadequacy. 

On the other hand, cysteine is produced by the homocysteine transsulfuration pathway, 

which is controlled by pyridoxine like a cofactor for the cystathionine-cysteine response of 

enzymes  [97]. The United States recommended daily allowance for B9 is 400 μg/day for adults 

and a big dose of 600 μg/day for pregnant women are necessitate, in the elderly folate scarcity 

unusual [99]. Rutaceae family, deep green edibles natural products and beans are important sources 

of folate foods [97]. 
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Dissimilar populations have non-identical results about the consequence of folate on the risk 

of break and bone-mineral density (BMD). A survey among Iranian women stipulated which 5-

methyltetrahydrofolate(MTHF) red blood cells(RBC), which give back a lifelong status in the 

body, could be a good detector for BMD differentiate with short term detectors like 5-MTHF or 

serum B9  [100]. Ingestion per level of folate with enhanced BMD illustrated by some 

epidemiological searches  [100-105] or decrease the chance of fracture  [106, 107]; While others 

research in the Chineses Health Study Cohort in Singapore,  in the Chinese Health Study Cohort in 

Singapore, invalid interrelations have been shown  [108-110].  

Inside these surveys, two possible types of research examine B vitamin food intake on BMD  

[105] and the risk of break [96, 105] [40,42]. Among perimenopausal women illustrated by the 

Danish Osteoporosis Prevention Research which B9 food supplementation was a great 

prognosticator for BMD evaluate at five years after baseline  [105], no this survey or the Singapore 

Chinese Health Study findings have shown which dietary B9 was associated with the danger of 

fracture  [96, 105]. 

1.13.2. Vitamin B12 (Cobalamin) and Evidence from Observational Studies 

Cobalamin was discovered in 1855 with the introduction of this vitamin as the unique drug 

of harmful anemia and demyelinating injury of the central nervous system   [97]. Cobalamin was 

originally first found to be associated accompanied by osteoporosis and fractures in pernicious 

anemia patients  [111, 112]. Mutase L-methylmalonyl-coenzyme A(CoA), and synthase 

methionine, these two enzymes physiologically illustrated has a link with cobalamin  [97]. Synthase 

methionine has participated in the metabolism of homocysteine. Because of gastrointestinal tract 

diseases in old age persons mild cobalamin deficiency 20% was documented  [97]. Old age people 

with cobalamin deficiencies can too have impaired cognition  [113]. The US RDA for adults 50 

years or older is 2.4 μg per day  [99]. The main sources of food involve meat, egg, milk products 

and B12 foods  [97]. 

The connection of B complex vitamin with bone health studied by many researchers in 

divergent populations, and observed in Caucasian populations. Of the 19 studies we examined, 12 

found no important association between B12 and BMD  [16, 101-104, 114-116], biological markers 

of bone income  [109, 115] or danger of break  [105-107, 110, 116], no matter in serum samples if  

B12 was diagnosed  [101-104, 106, 107, 109, 114] or from the evaluation of food ingestion  [105, 

110, 115, 116]. The remaining seven studies  [108, 117-122], nevertheless, kept up the preservative 

role of B12 in protecting BMD  [108, 117-119, 122] and reducing fracture risk  [120, 121]. The 

role of cobalamin in the health of bone needs to be illuminated based on the conflicting findings of 

those studies. The BMD was suggested to explain at most only in part the link betwixt cobalamin 

and risk of break-in epidemiological researches [121]. B12 deficiency, for instance, may lead to 
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problems of neurology  [97] to enhance the danger of falls in the old ages people. Many possible 

theories involve B12's consequence on BMD through its effect on the metabolism of homocysteine  

[108, 120], even so, this may not suffice to influence bone grade whether homocysteine is not 

accumulated in the bone tissue  [123]. 

1.14. Effect of Menopause on osteoporosis 

As a woman reaches menopause, the role of ovaries reduces the development of two 

hormones, estrogen, and progesterone. One role of estrogen is to maintain the normal bone 

remodeling rate  [124]. Estrogen strengthens the bones and is deficient, increases bone resorption 

and can hinder the formation of compensatory bones  [39] since the calcium loss in bone and other 

minerals much more quickly when estrogen levels decrease. Consequently, loss in the bone of about 

2% per annum happens many years following menopause (Osteoporosis Australia, 2014).  

Because of its high turnover rate, and since it is most vulnerable to estrogen deficiency, 

trabecular bone is most affected by menopause. As a result, the trabecular bone is fragile and 

eventually perforated or detached from the tissue around it. Over time, the trabecular bone weakens 

when enough of the bone has been removed. The loss of these trabecular connections is one of the 

reasons why bone becomes weak and breaks or fractures eventually  [124]. 

 



2.      MATERIAL AND METHOD  

In this chapter, we explain the method of study also the material that I use in this study, also 

the instrument we used in this study we explain detail below, Also the software program we used 

to statistical parameter we explained. 

2.1.  Design of the Study   

A cross-sectional design was utilized to realize the survey objectives.  

2.2.  Study setting and study period 

The present study was conducted at the Rheumatic Disease of Duhok and Rehabilitation 

Center, from September 2019 until November 2019.  

2.3.  Study population 

A total of 195 women who visited the Osteoporosis unite in Duhok Rheumatic disease and 

Rehabilitation center were registered in this study and they were living in areas around and inside 

Duhok province. Out of 195 patients, only (n=106) were enrolled in this study, while the others 

were not located under the standards of inclusion criteria for the current study (i.e. they were 

excluded). 

2.4.  Assessment of study variables  

The samples were collected according to inclusion criteria only 106 samples were selected 

from patients and asked to participate in this study project. 

The study population was grouped into 7 different classes based on Age, WC (waist 

circumferences, BMI (body mass index), serum Vitamin D3, Vitamin B12, Folic Acid and quartiles 

of T-score. 

1. The participants were classified according to their ages into three groups with ten 

years’ interval between each class starting from (40 – 50), (51 – 60) and (>=61). 

2. Women with normal waist circumferences (< 88 cm) and high Waist Circumference 

(> 88 cm) 

3. The study population accompanied by normal weight or healthy (BMI >= 25 Kg/m2), 

overweight (BMI 25 - 29.99 Kg/m2) and obese (BMI =< 30 Kg/m2). 

  



16 

4. The study population was classified into three groups depending on the Vitamin D3 

levels starting from Deficient (< 9.99 ng / ml) (n=28), Insufficient (10 to 29.99 ng per 

ml) (n equal to 61), adequate (more than 30 ng per ml) (n equal to 17). 

5. The participants were grouped depending on the Vitamin B12 levels into two groups. 

Low vitamin B12 (<200 pg / ml) (n=26), Normal Vitamin B12 (>200 pg / ml) (n=80). 

6. women were classified into two groups based on folic acid levels. The first group were 

low (< 5 ng / ml) (n=40), while the second one was with normal folate levels (>=5 ng / 

ml) (n=66). 

7. The enrolled population was classified into two groups depending on the different 

quartiles of T-Score: T-score ranging (>= -1.00) and (less than -2.5) represented (n=24 

normal) and (n=82 osteoporotic women) respectively. 

2.5.  Data Collection (Questionnaire) 

A previously prepared questioner form was designed for patients who participated in this 

study. The following information was included  

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

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

circumference measurement (using an ordinary tape measure). 

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

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

diabetes mellitus. 

5. Antioxidant supplements. 

6. Others such as previous fractures, smoking, and physical activities. 

2.6.  Study Variables  

The evaluation of osteoporosis level after taking DEXA (dual-energy x-ray absorptiometry) 

which is the criterion method for identification of osteoporosis in Rheumatoid Center in Duhok city 

which includes the following details: 

BMI Kg per square meter Body Mass Index  

It is called the relationship between weight and height calculated by a special formula. To 

obtain the BMI for each subject, the height and weight measurement were used as follows: 

- Kilograms for the weight (kg) divided by height in square meter m2.  

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

29.9 were regarded as overweight and the remaining patients with BMI more than or equal 
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30 were regarded as obese.  

Waist Circumference (WC) 

The measurement started at the tip around the abdomen crossing the umbilicus in centimeters 

using ordinary metric tape. According to WHO criteria, the normal waist circumference ranged less 

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

2.7.  Inclusion Criteria 

 Women aged 40 and above 

 Osteoporotic and normal women. 

2.8. Exclusion Criteria 

 Receiving of hormone replacement therapy by involved patients. 

 Patients suffering from renal diseases 

 Patients suffering from liver disorders 

 Patients under the effect of chemotherapy 

 Type I and type II diabetes mellitus belong to long-suffering people. 

 Patients on medication particularly multivitamins and antioxidants 

2.9.  The Diagnosis of Osteoporosis 

Osteoporosis diagnosis is performed along with calculating the total T-score from the DEXA 

report of patients involved in this study [125]. The score of -2.5 and less is considered as an 

osteoporotic woman. Two Sorts of Scores are utilized 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 are either below or above the normal young mean 

bone mineral density [39]. 

2. Z – Score is the value of the patient’s age – matched means BMD comparing to the 

value of standard deviation and the results are above or below [126].  

2.10. Interpretation of BMD 

Based on BMD, the World Health Organization (Table 2.1.) set the following guideline for 

assessing and diagnosing osteoporosis  [79, 83, 85]. 

1- Normal bone mass: any value of T-score is recorded more than or equal (-1) is 

regarded as normal bone status (T-score ≥ -1). 
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2- Osteopenia (low bone mass): In this case, the T – score value is between (-1 and -2.4). 

(T-score < -1 and > -2.5). 

3- Osteoporosis is the condition that T – score measured less than or equal -2.5 (T-score ≤ 

-2.5). 

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

osteoporosis with one or more bone fractures. (T-score ≤ -2.5 and the presence of one or 

more fragility fractures) 

 

Table 2.1. Diagnosis of osteoporosis clinically according to the standard of WHO 

BMD T-Score Diagnosis 
T-score more than or equal to -1  Normal 

-1 more than T-score more than -2.5 Low bone mass 

T-score less than or equal -2.5  Osteoporosis 

T-score less than or equal -2.5 with an existing fracture  Severe osteoporosis 

 
 

2.11.  Statistical Analysis  

Data were calculated by utilizing SPSS (statistical package for social sciences program) 

version 15. To differentiate between proportions T-test was utilized. Statistically significant value 

P is must be equal or less than 0.05.  One Way ANOVA was utilized to compare between more 

than two groups. The Pearson correlation was utilized to dictate the correlation coefficient between 

the study parameter 

2.12.  Ethical considerations 

The study protocols were reviewed and approved by the Committee of Ethical of General 

Directorate of Health in Duhok/Iraq.  

2.13. Collection of Blood Samples 

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

as a volunteer and taking the 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. in a vein located in antecubital fossa using 

vacutainer AYSET gel tube 5ml ordinary tubes. After 30-60 minutes from blood collection, the 

serum was separated by centrifugation at 2500 - 3000 rpm. After that, the harvested serum samples 
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were stored in deep freeze (-22) using a 2.5ml Eppendorf tube labeled digitally for further 

investigation. 

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

plasma used for detecting total serum antioxidants by colorimetric assay kit and vitamin D3, 

vitamin B12, calcium and folic acid by automatic clinical chemistry analyzer COBAS 6000. 

2.14. Biochemical Analysis 

Auto analyzer 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. To obtain accurate and sensitive results, this system is broadly 

used by many private and public hospitals and clinics for diagnosis and comprehensive health 

examinations. 

 
 

 

Figure 2.1. Clinical chemistry (left) and immunoassay (right) Automated Analyzer (Cobas 6000). 

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

evaluation of hormones and markers of cancer show in Figure 2.1. Clinical chemistry (left) and 

immunoassay (right). Thus, the immunoassay technique was developed because many of these 

biochemical substances are present in very low amount in the blood and any other body fluids.  

2.14.1. Measurement of Total serum antioxidant (TSA) 

Total antioxidant was determined by ABTS colorimetric method by a commercial kit 

(Elabscince E-BC-K219-M). 

There are two kinds of the antioxidant system; one is the enzyme system of antioxidant, 

involving superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px). The 

other is antioxidant of non-enzymatic systems, involving uric acid, vitamin C, vitamin E, 
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glutathione, bilirubin, α-lipoic acid, a carotenoid. Antioxidant capacity is thought to be the 

cumulative effect of all antioxidants in blood and body fluids 

The principle of the ABTS method for determining the T-AOC is as follows. ABTS is 

oxidized to green ABTS+ by appropriate oxidant, which can be inhibited if there exist antioxidants 

(Finger 2.2.). The T-AOC of the sample can be dictated and analyzed by measuring the absorbance 

of ABTS+ at 414 nm or 734 nm. Trolox is an analog of VE and has a similar antioxidant capacity 

to that of VE. Trolox is utilized as a source for another antioxidant. For example, the T-AOC of 

Trolox is 1, then the antioxidant capacity of the other substance with the same concentration is 

showed by the ratio of its antioxidant capacity to Trolox antioxidant capacity. 

 

 

Figure 2.2. ABTS radical cation method equation. 

2.14.2. Serum total folic acid (folate III) 

  In this case, serum total folic acid was detected using (folate III) (Roche) kit according to 

the standard procedure from company instructions using Cobas 6000 auto analyzer. Reference 

number: 07559992 190 and Standard Analytics E 170 Cobas e 411, Cobas e 601, and Cobas e 602.  

2.14.3. Serum total vitamin B 12 

  Measurement of plasma total vitamin B12 is identified using a vitamin B12 III kit (Roche).  

Reference number 07212771 190 and Standard analytics E170 Cobas e 411, Cobas e 601, and 

Cobas e 602. 

2.14.4. Serum Vitamin D3 (25-Hydroxy vitamin D3) 

  The detection and evaluation of plasma vitamin D3 are performed by using Vitamin D3 

total 25-Hydroxyvitamin D3 kit (Roche) with reference number 05894913 190 and Standard 

analytics E170 Cobas e 411, Cobas e 601 and Cobas e 602.  

2.14.5. Serum Calcium (S. Ca) level 

  Finally, the calcium (S. Ca) level is detected by using Calcium Gen.2 300 tests 

Roche/Hitachi Cobas c 311, Cobas c 501/502 with reference number 05061482 190.  
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2.15. DXA Scanning  

The golden criterion for medical examination and following up of patients with osteoporosis 

is the DEXA scan technique. 

2.15.1. DEXA Scan Principles  

  It is a particular sort of X-ray used to evaluate and measure bone mineral density. Nowadays 

it is commonly utilized 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 a low amount of radiation exposure 

comparing to other types of X-rays  [82]. The DEXA scanner show in Figure 2.2. is a device that 

makes two X-rays beams; each one has various energy concentrations. The first beam is 

characterized by high energy whereas the second one is characterized by low energy [22]. Finally, 

the quantity of X-rays that crosses via the bone is estimated for each beam hanging on the bone 

thickness.   

 

 

Figure 2.3. Medilink DEXA Bone Densitometry 

 
The result of the quantification will be differentiated to the bone density of young healthy 

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

marked as Z-score. The method of scanning generally takes around twenty minutes hanging on the 

height of the patient, also it is non-invasive and without pain.  

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

and its risk as well as it is useful as a guide for therapy choice and response of patients to therapy 

[82]. Furthermore, DEXA scanning is contraindicated in pregnant women due to radiation. It has 

been recorded that there is a small possibility of cancer from excessive radiation exposure. Finally, 

it is recommended to avoid calcium intake as a supplement 24hr before the onset of scanning. Also, 

clothes with zipper and metallic accessories are avoided during the procedure of DEXA scanning. 

http://www.webmd.com/cancer/what-to-expect-from-radiation-therapy


3. RESULTS AND DISCUSSION 

General characteristic of the study population was explained in this chapter and characterized 

as follows: 

106 women were enrolled in this research. Participants were split into two groups, group 1 

included 82 osteoporotic women who represented (77%) of the study population, group 2 which is 

healthy women were determined in 24 women who represented (23%) of the study population. In 

general, the percentage distribution of the Two groups is shown in Figure 3.1. 

 
 

 

Figure 3.1. The percentage distribution of participants groups 

 
General features of the survey population are summarized in Table 3.1; osteoporosis women 

introduced significantly higher mean values of age in comparison with control groups (P < 0.001). 

Osteoporotic women presented significantly higher BMD mean values and similarities T-score 

compared to the healthy group (P< 0.001). BMI (body mass index) was a significant mean value 

over the two groups (p <0.05), On the contrary, there was no significant difference in waist 

circumstance (WC) over the groups (P>0.05). While biochemical parameters show a significantly 

higher mean value of serum levels of TAS and Folic acid in women with osteoporosis differentiated 

to non-osteoporotic women (P<0.001). However, there were no significant variations found in 

serum levels of vitamin D, calcium, and Vit.B12 (P > 0.05) among the groups. 
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Table 3.1. Common Features of Study Population 

 

3.1.  Age group 

The participants were classified according to their ages into three groups with ten years’ 

interval between each class starting from (40 – 50) (n =54), (51 – 60) (n=29) and (>=61) (n=23). 

3.1.1. Prevalence of study population classified by age groups 

Distribution of age groups is represented in Figure 3.2 which indicates that the lowest 

percentage (22%) of study population women was >= 61 years, while the highest percentage (51%) 

was at 40-50 years and (27%) represents the age between 51–60 years. 

 
 

 

Figure 3.2. Prevalence of the whole study population classified by age groups 
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Age (Year)

Study 
Variable 

Healthy 
(n=24) 
Mean ± SD 

Osteoporosis 
(n=82) 
Mean ± SD 

P-value 

Age (year) 46.50±6.43 53.67±8.01 <0.001 

BMI(Kg/m2) 35.71±7.29 32.71±6.25 <0.05 
WC(cm) 109.62±19.36 108.58±16.87 NS 

T.scor -0.93±0.07 -2.98±0.52 <0.001 

BMD (g/cm2 ) 0.911±0.205 0.629±0.112 <0.001 
Vit.B12(pg/ml) 472.22±216.42 397.34±230.15 NS 

Folic Acid (ng/ml) 12.59±4.83 6.33±4.12 <0.001 

Vit. D(ng/ml) 22.19±14.38 18.91±14.99 NS 

S.Ca (mg/dl) 9.46±0.44 9.28±0.57 NS 

TAS (mmol/L) 3.01±0.18 2.73±0.16 <0.001 
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3.1.2. Arithmetic mean of BMD and TAS in study population women considering age 
groups 

BMD and TAS classified by age groups in the whole study population women are illustrated 

in Table 2.2. A higher significance was found in the TAS among the age group (p < 0.001) and 

higher significance was detected in BMD (P <0.001) among the age group. 

 

Table 2.2 Arithmetic mean of BMD and TAS in whole study population women considering age groups  

parameters 

Mean± SD 

P-value 40-50 years 

(n=54) 

51-60 years 

(n=29) 

>= 61 years 

(n=23) 

BMD(g/cm2) 0.752 ± 0.170 0.681 ± 0.181 0.569 ± 0.147 <0.001 

TAS (mmol/L) 2.85 ± 0.19 2.83 ± 0.16 2.62 ± 0.20 <0.001 

 
 

3.2.  BMI group 

The study population accompanied by normal weight or healthy (BMI equal or less than 25 

Kg per square meter) (n equal 11), overweight (BMI between 25 to 29.99 Kg per square meter) (n 

equal 26) and obese (BMI equal to or more than 30 Kg per square meter) (n equal 69).  

3.2.1. Prevalence of study population classified by BMI 

Regarding body mass index in the whole study population (10%) were determined as normal 

individuals; while (25%) were determined as overweight individuals and (65%) were determined 

as obese individuals (Figure 3.3). 
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Figure 3.3. Prevalence of study population classified by body mass index (BMI) 

 

3.2.2. Arithmetic mean of BMD and TAS study population women considering BMI groups 

Table 3.3 demonstrate A significant was found in BMD among BMI groups (p<0.01). No 

significant was found between BMI group and TAS (P >0.05). 

 

Table 3.3. Arithmetic mean of BMD and TAS study population women considering BMI groups  

Parameters 
Mean± SD 

P-value 
<25Kg/m2(n=11)  25-29.99Kg/m2(n=26) > 30 Kg/m2  (n=69) 

BMD(g/cm2 ) 0.584±0.094 0.613±0.113 0.740±0.19 <0.01 

TAS (mmol/L) 2.81±0.18 2.78±0.14 2.79±0.23 NS 

 

3.3.  Vitamin B12 group 

The participants were grouped depending on the Vitamin B12 levels into two groups. Low 

vitamin B12 (<200 pg / ml) (n=26), Normal Vitamin B12 (>200 pg / ml) (n=80). 
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3.3.1. Prevalence of study population classified by Vitamin B12 

Distribution of Vit.B12 is represented in Figure3.4 which indicates that the lowest 

percentage (25%) of the study population women was (<200 pg/ml), while the highest percentage 

(75%) was at (>=200 pg/ml). 

 

Figure 3.4. Prevalence of study population classified by Vitamin B12 

 

3.3.2. Arithmetic mean of BMD and TAS in study population women considering Vitamin 
B12 groups 

Table 3.4 demonstrate non-significant differences in BMD and serum level of TAS across 

the intervals of Vit.B12 in study population women (P > 0.05). 

Table 3.4. Arithmetic mean of BMD and TAS study population women considering Vitamin B12 groups. 

Parameters 

Mean± SD 

<200  pg/ml 

(n=26) 

>= pg/ml 

(n=80) 
P-value 

BMD(g/cm2) 0.677±0.171 0.697±0.186 NS 

TAS (mmol/L) 2.77±0.21 2.80±0.20 NS 
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3.4.  Folic Acid group 

Women were classified into two groups based on folic acid levels. The first group were low 

(< 5 ng / ml) (n=40), while the second one was with normal folate levels (>=5 ng / ml) (n=66). 

3.4.1. Prevalence of study population classified by Folic Acid 

Distribution of FA is represented in Figure 3.5 which indicates that the lowest percentage 

(38%) of study population women was (<5 ng/ml), while the highest percentage (62%) was at (>=5 

ng/ml). 

 
 

 

Figure 3.5. Prevalence of study population classified by Folic Acid. 

 

3.4.2. Arithmetic mean of BMD and TAS in study population women considering Folic Acid 
groups 

BMD and TAS classified by Folic Acid groups in the whole study population women are 

illustrated in Table 3.5. A significant was found in BMD among the Folic Acid group (p<0.05). No 

significant was found between the folic acid group and TAS (P >0.05). 
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Table 3.5. Arithmetic mean of BMD and TAS study population women considering Folic Acid groups. 

parameters 

Mean± SD 

< 5 ng/ml 

(n=40) 

>=5 ng/ml 

(n=66) 
P-value 

BMD(g/cm2) 0.642±0.146 0.723±0.195 <0.05 

TAS (mmol/L) 2.77±0.17 2.81±0.22 NS 

 
 

3.5.  Vitamin D group 

The study population was classified into three groups depending on the Vitamin D3 levels 

starting from Deficient (< 9.99 ng / ml) (n=28), Insufficient (10 to 29.99 ng per ml) (n equal to 61), 

adequate (more than 30 ng per ml) (n equal to 17). 

3.5.1. Prevalence of study population classified by Vitamin D. 

Results of serum vitamin D levels in study population show that 26% of women were vitamin 

D deficient and below (10 ng/ml), while some of the women showed as having vitamin D 

inadequate was 58% with vitamin D concentrations between (10-29 ng/ml). Eventually, women 

with vitamin D sufficient played 16% with vitamin D concentrations (equal or more than 30 ng/ml). 

Primarily, these results illustrate the high prevalence of vitamin D insufficient among the survey 

population as shown in figure 3.6. 

 
 

 

Figure 3.6. Prevalence of study population classified by Vitamin D 
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3.5.2. Arithmetic mean of BMD and TAS in study population women considering Vitamin D 
groups 

Table 3.6 demonstrate non-significant differences in BMD and serum level of TAS across 

the intervals of Vit.D in study population women (P > 0.05). 

 

Table 3.6. Arithmetic mean of BMD and TAS study population women considering Vitamin D groups. 

parameters Mean± SD P-value 

0- 9.99ng/ml  
(n=28) 

10 – 29.99 ng/ml 
(n=61) 

> 30 ng/ml (n=17) 

BMD(g/cm2) 0.658±0.190 0.714±0.177 0.673±0.184 NS 

TAS (mmol/L) 2.77±0.19 2.81±0.20 2.76±0.22 NS 

 
 

3.6.  Correlation Analysis 

According to the Pearson correlation coefficient (r), TAS represents a negative higher 

significant correlation with age, while it was positively high significant correlated with T. score 

and BMD. On the contrary, there was no significant correlation with Body mass index(BMI), Waist 

circumference(WC), Vit B12, folic acid, Vit.D and Calcium (Table3.7). BMD has a positive high 

significant correlation with BMI, WC, T-score, TAS and folic acid, while it was negative high 

significantly correlated with age (Table 3.8). 

 

Table 3.7. Correlation between TAS and other parameters in the study population women. 

Variables (r) P-value 

Age (year) -0.435** <0.001 

BMI(Kg/m2) 0.155 NS 

WC(cm) -0.011 NS 

T.scor 0.519** <0.001 

BMD(g/cm2) 0.457** <0.001 

Vit.B12 (pg/ml)  0.051 NS 

Folic Acid (ng/ml)  0.141 NS 

Vit. D (ng/ml) 0.016 NS 

S.Ca (mg/dl) 0.096 NS 
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Table 3.8. Correlation between BMD and other parameters in the study population women. 

Variables (r) P-value 

Age (year) -0.440** <0.001 

BMI(kg/m2) 0.590** <0.001 

WC(cm) 0.416** <0.001 

T.scor 0.587** <0.001 

TAS (mmol/L) 0.457** <0.001 

Vit.B12 (pg/ml) 0.094 NS 

Folic Acid (ng/ml)  0.359** <0.001 

Vitamin D (ng/ml) 0.004 NS 

S.Ca (mg/dl) 0.177 NS 

 
 

3.7.  Discussions 

Because of their role in pathogenesizing many diseases, including metabolic bone diseases, 

reactive oxygen species (ROS) and antioxidants have received much attention  [127]. In vitro 

experiments or animal models showed that OS had an important effect on the differentiation and 

functions of osteoclast  [128, 129]. There has also been evidence in a small number of human 

studies in which antioxidant and ROS processes can participate in the bone loss pathogenesis 

involved   [130]. 

While OP is a common disease of the elderly, its key initiating factor is the decline in 

estrogen associated with menopause rather than the aging  [27]. Many lines of evidence indicate 

that one of the strategies embraced by estrogens for shielding women from bone loss during 

reproductive age is to contrast ROS's supposed deleterious action against bone health  [131]. Most 

of the data used to support the interplay between OS and OP were collected from in vitro and animal 

studies, which indicate a possible role for reactive species in uncoupling bone turnover [132, 133].  

Nevertheless, the role of OS in the disturbance of bone homeostasis is not adequately 

confirmed. Accordingly, this research was conducted to investigate whether OS could play a role 

in this bone homeostasis disturbance and to assess the levels of TAS, vitamin D, vitamin B12, folic 

acid and serum calcium in women with osteoporosis compared to non-osteoporotic healthy women 

taking into account the effects of other clinical variables that could affect bone mass and focus 

osteoporosis. 

The mean value of age in osteoporotic women was found to be (53.67 ± 8.01 years) which 

was relatively higher than the mean age of healthy women (46.50 ± 6.43 years) (P < 0.001) (Table 

3.1). In the whole study population women, age indicated a turndown association with total BMD 

(r=-0.440, p=0.001) (Table 3.8). Naz et al (2015) [134] supported this finding and concluded which 
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with each 10 years rise in age, the danger of osteoporosis rise 2.18 fold. Many epidemiological 

studies concluded that increasing age, especially when women become postmenopausal is the main 

reason for primary OP in women  [134, 135]. But this finding was not agreed with other studies 

(Maggio, et al. 2003, (Ozgocmen, et al. 2007), (Razmandeh, et al. 2014) and (Karakas, et al. 2016) 

[73, 130, 136, 137] that demonstrated statistically according to the age non-significant variation 

showed was P>0.05. 

Future fractures reported as a danger factor related to the low body mass index, while an 

elevated BMI seems preservative  [138]. Cho, et al. (2014) [139] found that osteoporosis patients 

had 0.760 times lower BMI than which of normal patients. Weight is closely related to bone mass. 

Consequently, bone mass is minor and bone loss in postmenopausal women with low BMI 

enhances, but BMD carries on with to be high in obese women  [140]. 

In the present survey, there was a positive association between BMI and total BMD (r 

=0.590,  P=<0.001) (Table 3.8) As well as, results proved the presence of a significant variation in 

mean values of BMI between groups (healthy group 35.71±7.29), (osteoporosis group 

32.71±6.25),(P < 0.05) (Table 3.1) and illustrated that women with low BMI are at enhancer danger 

of developing osteoporosis and the effect of higher BMI may compensate the negative influence of 

the hypoestrogenic state on BMD during menopauses. Several studies have found that greater 

weight of the body will support high bone density and lower fracture incidence (Laet, et al. 2005, 

Aggarwal, et al. 2011, Cho, et al. 2014, Heidari, et al. 2015, Hyassat, et al.  2017) [138, 139, 141-

143]. 

Oxidative stress, sometimes triggered by an imbalance of oxidative of human and antioxidant 

level, have been correlated with age and a variety of illnesses in human, involving cancer, 

atherosclerosis, rheumatoid arthritis, osteoarthritis, fibromyalgia, osteoporosis  [144-146]. In 

separate research, the correlation between oxidative stress and BMD has been searched. The 

oxidative stress consequence on the etiopathogenesis of the osteoporosis, however, is not obvious. 

Wolf, et al.,  [74] illustrated the correlation between food ingestion,  whole intake or serum 

antioxidant levels and BMD in postmenopausal women were examined. They documented in 

postmenopausal women no association between serum antioxidant level and BMD.  

Studies have shown that free radicals derived from oxygen are associated with parathyroid 

hormone (PTH)-stimulated osteoclastic bone resorption, interleukin (IL)-1beta, tumor necrosis 

factor (TNF) alpha  [10, 147]. 

Karatas et al.  [148]  have investigated rheumatoid arteries patients and have found a decrease 

in antioxidant status and an increase in oxidative stress, similarly, Bekpinar, S., et al., Basu, S., et 

al.,  [149, 150] have found that significantly increased plasma oxidants and decreased antioxidants 

in osteoporotic patients when compared to controls. Altindag et al. [151] have reported in knee 

osteoarthritis patients, there was an increase in oxidant parameters and a decrease in antioxidant 
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parameters. Ozgocmen, et al.  [130] have found which oxidative stress criteria were enhanced and 

the level of antioxidant enzymes was decreased in patients with osteoporosis. Ozgocmen and 

colleagues [152] have been documented that oxidative stress plays an important role in the 

pathogenesis of PMO and drugs had effects on the antioxidant defense system. It was proposed that 

plasma ascorbic acid, alpha-tocopherol, complete thiol groups, and erythrocyte glutathione were 

reduced, and that lipid peroxidation in postmenopausal patients was decreased  [153]. similarly, A 

clinical study done by Sanchez-Rodriguez et al.,2007 [153], showed a decrease in the concentration 

of TAS as well as the concentrations of the antioxidant enzymes glutathione peroxidase GPx, 

compared to that found in healthy control women, and were positively correlated with BMD. 

Deyhim et al. [154] have examined the role of antioxidant diet on bone strength; they have reported 

that drinking citrus juice for six days positively affects serum antioxidant capacity and bone 

mineralization. Maggio et al. 2003 [73], found that postmenopausal osteoporosis women had 

significantly lower serum levels of vitamins A, C and E  in addition  significantly lower GPx and 

SOD than controls. 

In this study, we found lower serum TAS level in osteoporotic women compared with non-

osteoporotic women (2.73±0.16, 3.01±0.18, P< 0.001) respectively (Table 3.1) .However, our study 

indicated that there is a highly significant positive correlation between serum TAS levels and total 

BMD (r=0.457, p=<0.001) (Table 3.7).we cannot find any relation between TAS and other 

biochemical parameters (vit.B12, folic acid, vit.D and calcium). 

In postmenopausal osteoporosis, osteoclastic activity enhanced and decreased osteoblastic 

activity related to the imbalance between oxidant and antioxidant levels. Consequently, we 

conclude that maintaining the balance of oxidative stress is important in patients with PMO and 

supplementing the antioxidant-enriched food to the treatment may shed light on the making of new 

therapeutic approaches for osteoporosis.  

Cofactor for methionine synthase is vitamin B12 in the remethylation of tHcy to methionine, 

which is a detector of the level. The groups did not differ in Vit.B12 (control group=472.22±216.42, 

patient group=397.34±230.15, p > 0.05) (Table 3.1), also in the present study we cannot find any 

correlation between Vit.B12 with BMD and TAS (r=0.094, P>0.05, Table (3.1), r=0.051, P>0.05, 

(Table 3.8) respectively. These results are in agreement with those of   Cagnacci, et al. 2003  [101], 

Macdonald, et al. 2004  [115], Halıloglu, B., et al.,.2010  [109], Golbahar, J., et al.,2004  [102] and 

Baines, M., et al.2007  [103].While these five previous studies documented that there was no 

association between serum vitamin B12 levels and BMD in women with postmenopausal. In 

contrast ,Morris, et al. 2005 [108] illustrated from United States National and Nutrition 

Examination Survey which 1550 elderly Americans have more than 220pmol/L vitamin B12 was 

associated with BMD in a dosage connected, but that increases in serum vitamin B12 beyond 220 

pmol/L were not so associated. Also Tucker, et al. 2005 [122] established which adults with 
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cobalamin levels below 148 pmol/l had lower mean BMD than those with higher levels, however 

with significant ranging from the site of BMD measurement ( spine in women and men in hip 

positions). Stone, et al. 2004 [119] showed that even the yearly rate of decrease in total hip BMD, 

but not calcaneal BMD was higher for women with vitamin B12 concentrations below 207 pmol/L 

than for those with greater levels. The variance in results of serum cobalamin interaction with BMD 

could, therefore, be caused by population demographic differences and by the BMD site. 

The detector of blood tHcy level is folate status. In present survey data (Table 3.1) approve 

an elevated positive significant association of folate with BMD (r=0.359, p<0.0001). The present 

result demonstrated a significantly high level of BMD with a high level of folic acid as shown in 

(Table 3.5). The mean value of Folic Acid in osteoporotic women was found to be (6.33±4.12 

years) which was relatively lower than the mean value of healthy women (12.59±4.83 years) (P < 

0.001) (Table 3.1). Even though low folate concentrations were illustrated as a risk factor for 

osteoporosis in Italian, Iranian and British women, Cagnacci, et al. 2003 [101] in the lumbar spine 

illustrated a significant connection between folate and BMD, and in comparison with non-

osteoporotic controls plasma folate concentrations were decreased in the osteoporotic group. This 

corresponds with a survey of 271 Iranian women with postmenopausal by Golbahar,J., et al. 2004 

in which BMD revealed a positive association with serum folate [102]. Also, several studies 

Ravaglia, G., et al,2005  [106], McLean, R.R, et al 2004  [155], Akpolat, V., et al, 2013  [156] and 

Baines, M., et al.2007  [103]  have illustrated folate with BMD have a significant positive 

association. 

In American and Turkish women documented by some researchers that no association 

between folate and BMD, although a current study of 1550 old American women subjects, that 

resulted that neither serum nor red blood cell folate was associated to BMD or osteoporosis, Morris, 

et al. 2005 [108], perhaps due to of an elevated average age and higher mean plasma folate levels. 

Bozkurt, et al. 2009 [118] documented plasma Hcy, nevertheless nor folate concentrations, were 

related to osteoporosis in comparison to young postmenopausal women of Turkey. It appears which 

food habits, race-related variation, the position of BMD computation, and the survey variation in a 

population (sex, age, et cetera), mat influence the study consequences examing the correlation 

between BMD and folate concentration as well as cobalamin. Proposing that folate may be free 

osteoporosis risk factor. 

This research examined the status of vitamin D to survey the potential correlation between 

vitamin D and osteoporosis. Results showed that 58 percent of the women surveyed had insufficient 

vitamin D (figure 3.6), which are accurate with the results of the convergence survey in Kirkuk 

city/Iraq by Ali, N (2018) [157] who discovered that 59 percent of women had vitamin D 

insufficiency and had a mean value less than 20 ng/ml. Another survey performed in the Saudi 

Arabia Kingdom by Alkhenizan et al (2017) [158] confirmed a mild to intense vitamin D deficit in 
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61.5 percent of their patients with the mean serum value less than 20 ng/ml. The explanation for 

the decrease in vitamin D plasma concentration maybe because of decreasing women's outside 

activities and reduced or clothing at the study server coated sunlight exposure that averts the 

vitamin D production in the skin and consequently inhibits the conversion to the active shape  [85] 

that is in charge of for maintaining the phosphorous and calcium concentrations in serum. The 

insufficiency in vitamin D encourages a compensatory rise in the levels of parathyroid hormones  

[159]. Consequently, loss of bone is increased and the risk of osteoporosis evolving increases  [42]. 

Furthermore, this research failed to explain major dissimilarities between study groups in 

serum vitamin D concentrations due to frequent follow-ups of all of our studied patients and all 

patients administered with vitamin D and calcium with osteoporosis. 

Mean values for subjects with low BMD were observed in this study (osteoporosis: 

18.91±14.99 ng/ml) and subjects with normal BMD (22.19±14.38 ng/ml) (p >0.05), (Table 3.1). In 

addition, we cannot find any relationship between serum vitamin D level and BMD and TAS (Table 

and Table 3.8). Similar findings were demonstrated by Hyassat et al (2017) [143] and Sahmani et 

al (2014) [135]. In contrast with these results, a review of the systematic of Gaugris et al (2005) 

[160] inadequate levels of vitamin D was observed to be a common risk factor for osteoporosis in 

postmenopausal women. 

Calcium is one of the principal bone-forming minerals and an adequate supply of bone that 

is necessary at all stages of life  [23]. However, the average value of serum calcium levels was 

within the reference range in postmenopausal women with osteoporosis (9.46±0.44 mg/dl), and in 

healthy women (9.46±0.44 mg/dl) and illustrated statistically non-significant changes between the 

groups (Table 3.1)  we cannot find any correlation between serum calcium and BMD and TAS 

(Table3.7 and Table 3.8). Furthermore, so many studies suggest that the quantification of serum 

calcium statistically did not display any significant osteoporosis diagnostic values as  their results 

were within a normal range (Sontakke and Tare, 2002 [127]; Hania, 2008 [36]; Razmandeh, et al. 

2014  [136]; Sahmani, et al. 2014  [135]; Karakas, et al. 2016 ) [137] 



4.  CONCLUSION 

We have found a signifiant decrease in total antioxidant status in patients with osteoporosis. 

Although there was no difference between vitamin D3, serum calcium, and vitamin B12 values. 

Folic acid values were significantly decreased in the patient group.  

We also assumed that increased activity of osteoclastic and a decreased osteoblastic activity 

could be correlated to a mismatch from postmenopausal osteoporosis between oxidant and 

antioxidant. We therefore actually think that sustaining the oxidative stress balance in PMO patients 

is essential and supplementing the antioxidant-enriched food with therapy could shed light on the 

development of new osteoporosis pharmacological mechanisms. 

It was found that BMI has a protective effect against osteoporosis and correlated with 

increased total BMD in OP.  

Women with lower BMD were appeared older than women with normal BMD. Furthermore, 

age was negatively correlated with total BMD in osteoporotic women. 

Finally, the present study concludes that total antioxidant status is negatively associated 

with age and positively associated with BMD.  
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APPENDIX (2): RESEARCH QUESTIONNAIRE 

1. Patient's Name: ………………………………………… 

2. Age: ……………………………………………………. 

3. Job: …………………………………………………….. 

4. Address: ……………………………………………….. 

5. Tel.: ……………………………………………………. 

Diseases History 

 Chronic kidney diseases:           Yes              No 

 Chronic liver diseases:               Yes              No 

 Blood pressure                            Yes              No 

 Diabetic mellitus                         Yes              No 

 General inflammation:                Yes              No 

 Taking medications including: 

-Folic acid 

-Vitamin B12 

-Vitamin D 

-Calcium supplements  

-Antioxidants 

Physical examinations 

1. Width circumferences (WC)…………… (           ) 

2. Body mass index (BMI)…... (kg/m2) 

          Weight: ………….. (Kg)                   Height: ………….. (cm) 

Chemical investigations 

1. Total serum antioxidant: 

2. Serum vitamin B12: 

3. Serum folic acid: 

4. Serum Vitamin D: 

5. Serum Calcium: 
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APPENDIX (3): DEXA SCAN REPORT SAMPLE 
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