
 

 

J
a

n
u

a
ry

 2
0
1
8

 
   

 M
. S

c. In
 B

io
ch

em
istry

 S
cien

ce a
n

d
 T

ech
n

o
lo

g
y

 
 

 O
M

E
E

D
 A

K
B

A
R

 A
L

I A
L

I
 

UNIVERSITY OF GAZİANTEP 

GRADUATE SCHOOL OF 

NATURAL & APPLIED SCIENCES 

  

 

VITAMIN D LEVELS IN ADULT PATIENTS WITH 

HEMOPHILIA 

 

 

 

 

 

M.Sc. THESIS 

IN 

BIOCHEMISTRY SCIENCE AND TECHNOLOGY 

 

 

 

 

BY 

OMEED AKBAR ALI ALI 

January 2018 

 

 



 

 

Vitamin D levels in adult patients with Hemophilia 

 

 

 

 

 

 

M.Sc. Thesis 

in 

Biochemistry Science and Technology 

University of Gaziantep 

 

 

 

 

Supervisor 

Prof. Dr. Vahap OKAN 

 

 

 

by 

OMEED AKBAR ALI ALI 

January 2018 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© 2017 [Omeed Akbar Ali ALI] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
 



 

 

 

 

 

 

 

 

 

 

I hereby declare that all information in this document has been obtained and 

presented in accordance with academic rules and ethical conduct. I also declare 

that, as required by these rules and conduct, I have fully cited and referenced all 

material and results that are not original to this work. 

 

 

 

                                                                             OMEED AKBAR ALI ALI 

 

 

 

 

 

 

 



 

 

 

ABSTRACT 

VITAMIN D LEVELS IN ADULT HEMOPHILIA 

OMEED AKBAR ALI ALI 

M. Sc. in Biochemistry Science and Technology 

Supervisor: Professor Dr. Vahap OKAN 

January 2018 

56 pages 

 

Hemophilia A and B are hereditary diseases due to X-related recessive recurrence seen 

in male children of female carriers. The coagulation FVIII and FIX deficiency result 

in a clinic with hemarthrosis and hematoma bleeds, especially in the joints. In this 

study, we aimed to measure Vitamin D levels which are thought to be important in 

bone development and destruction in hemophilia patients and to measure some 

important parameters in bone metabolism and to show the relation with hemophilia. 

For this study, 40 male hemophiliacs (32 hemophilia A and 8 haemophilia B) and 40 

healthy adults were included in the study between the ages of 18-65. We measured 

Vitamin D (21,86 ± 8,03 ng/mL for hemophilia, 25,46 ± 6,09 ng/mL for control, Ca, 

P, PTH and ALP levels in the studied subjects. The age of the cases (33,40 ± 11,44 

years for hemophilia, 33,92 ± 10,00 years for control, p> 0,05) and BMI (25,81 ± 5,33 

kg/m2 for hemophilia, 43 ± 3.97 kg/m2 for control, p> 0.05) were determined. Vitamin 

D (21,74 ± 5,71 ng/mL for hemophilia A, 25,46 ± 6,09 ng/mL for control, p <0,05) 

was different between hemophilia A and control groups. There was no significant 

difference between hemophilia B and Hemophilia A and control in terms of Vitamin 

D (p> 0.05). In our study Vitamin D values were lower in cases with hemophilia A. In 

these cases, especially because knee joint bleeds are frequent, these cases act less than 

normal people. Therefore, Vitamin D levels in these cases should be followed up 

frequently and should be treated in the absence. 

Key words: Hemophilia, Vitamin D, Ca, P, ALP, PTH 



 

 

 

ÖZET 

ERİŞKİN HEMOFİLİ OLGULARINDA VİTAMİN D DÜZEYLERİ 

OMEED AKBAR ALI ALI 

Yüksek Lisans Tezi, Biyokimya Bilimi ve Teknolojisi 

Tez Danışmanı: Prof. Dr. Vahap OKAN 

Ocak 2018 

56 sayfa 

Hemofili A ve B, kadın taşıyıcıların erkek çocuklarında görülen X’e bağlı resesif 

geçen, kalıtsal bir hastalıktır. Koagülasyon FVIII ve FIX eksikliği sonucu kanamalar, 

özellikle eklemlerde hemarthroz ve hematomlarla seyreden bir kliniğe sahiptir. Biz bu 

çalışmada hemofili hastalarında kemik gelişim ve yıkımda etkisi olduğunu 

düşündüğümüz Vitamin D düzeylerini ve kemik metabolizmasında önemli bazı 

parametreleri ölçerek hemofili ile ilişkisini göstermeyi amaçladık. Bu çalışmaya 18-

65 yaş aralığında erkek 40 hemofili olgusu (32 Hemofili A ve 8 Hemofili B) ile 40 

sağlıklı yetişkin alınmıştır. Çalışmaya alınan bireylerde Vitamin D (hemofili için 

21,86 ± 8,03 ng/mL, kontrol için 25,46 ± 6,09 ng/mL, p<0,05), Ca, P, PTH ve ALP 

düzeylerini saptadık. Olguların yaş (hemofili için 33,40 ± 11,44 yıl, kontrol için 33,92 

± 10,00 yıl, p>0,05) ve BMI (hemofili için 25,81 ± 5,33 kg/m2, kontrol için 26,43 ± 

3,97 kg/m2, p>0,05) saptandı. Hemofili A ve kontrol grupları arasında Vitamin D 

(hemofili A için 21,74 ± 5,71 ng/mL, kontrol için 25,46 ± 6,09 ng/mL, p<0,05) farklı 

bulundu. Hemofili B ile Hemofili A ve kontrol arasında Vitamin D arasında anlamlı 

farklılık saptanmadı (p>0,05). Bizim çalışmamızda Vitamin D değerleri hemofili A 

olgularında düşük saptandı. Bu olgularda özellikle diz eklemi kanamaları sık 

görüldüğünden bu olgular normallere göre daha az hareket ederler. Bu nedenle bu 

olguların Vitamin D düzeyleri sık aralıklarla takip edilmeli ve eksikliğinde tedavi 

edilmelidir. 

 

Anahtar Kelimeler: Hemofili, Vitamin D, Ca, P, ALP, PTH
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CHAPTER I 

INTRODUCTION 

1.1 Hemophilia 

Hemophilia is a genetic disorder that affects the blood function. Parents' genes are 

passed along to children. There're many proteins known as clotting factors included in 

blood that controls the hemorrhage. As there is deficiency in clotting factor Blood 

comes to the hemophilia [1]. A hemophilia refers to lack of clotting factors in the blood 

where blood don't clot normally, hemorrhage differs from patient to another one 

according to the severity of hemophilia. Hemophilia comes in second order after Von 

Willebrand's disease of the most severe bleeding disorders. In 2009, the World 

Hemophilia Federation (WFH) stated that 153,251 people worldwide have a 

hemophilia [2].  

Hemophilia A and B are having the same symptoms. Hemophilia A is the most 

common form, it caused by the decreasing of clotting factor VIII's level 

(FVIII). Whereas, haemophilia B known as Christmas disease, has a deficient 

coagulation factor IX level (FIX). Clinical manifestations of hemophilia A and 

hemophilia B are indiscernible and occur in mild, moderate and severe forms. Besides, 

acquired hemophilia is another bleeding disorder, which is not hereditary, such as 

classical hemophilia. This is a too rare condition in which one's immune system 

develops antibodies against body's coagulation factors and the factor level in their 

blood is decreased [3].  

The most important clinical manifestation of hemophilia is hemorrhage in the large 

joints of the upper and lower extremities. This condition usually begins once the 

affected child reaches the toddler stage and increases in frequency as the child becomes 

more active. Often, 1 or 2 joints become the principal targets of repeated hemarthroses. 
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 With time, this situation can result in a chronic synovitis, destruction of carrilage and 

bone, and a progressive flexion contracture at the target joint [4]. Bleeding into muscle 

(iliopsoase, gastrocnemius, and flexor muscles of the arm) or soft tissues with the 

formation of large spreading hematomas is also common. Damage to muscle results in 

for the muscle atrophy and contractures. Wound healing is also abnormal in 

hemophilia, demonstrating excessive persistent angiogenesis and increased iron 

deposition, similar to hemophilic arthropathy. Other side, mucosal bleeding, 

haematuria, and intracranial hemorrhage and prolonged bleeding following surgery or 

minor trauma, are less common of bleeding. Milder hemophiliacs (>5% factor Vlll or 

IX activity) may not be detected until surgery is performed or the patient has a dental 

extraction. Usually, the procedure is completed without evidence of unusual bleeding 

because of normal primary (platelet-based) hemostasis. However, within a few hours, 

the surgical wound or tooth socket begins to ooze, wound healing is disrupted, and 

blood seeps into surrounding tissues. Hematoma formation in the pharyngeal and 

retropharyngeal areas can threaten airway patency and present a medical emergency 

[5]. Large sub-periosteal or muscle bleeds can on occasion lead to the formation of a 

hemophilic pseudotumor. These are cyst-like structures containing serosanguinous or 

dark brown viscous material bound to a fibrous membrane. Over time, pseudotumors 

expand and impinge on adjacent structures. Those that arise from a sub-periosteal 

bleed, usually involving the pelvis or femurs, can eventually erode adjacent bone to 

form large cystic lesions [6].  

Individuals are suffering from hemophilia experience with similar fate around the 

world before the 1960s when there was no adequate treatment. In the early stages of 

youth, the severe joint injuries have occurred and most patients die before reaching 20. 

At early years, the hemophilia was centering on the treatment with fresh blood 

transfusions. The discovery of cryoprecipitate followed by the development of clotting 

factor concentrations has significantly increased the clinical management options. The 

concentrates can be easily stored, when they are given at home and while they are 

being transported by the patients during the journey, the patients have begun to take 

home therapy [7]. Hemophilia and management of it have a significant influence on 

society, including community integration and the economy. In fact, the important 

problem for all patients with hemophilia disease is not an active part of society and 

that the cost of medical care and is high makes this. In the developed ten countries, 
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early treatment of bleeding events and home remedies rapidly developed as a primary 

management choice. The main objective of this study was to identify useful 

suggestions and recommendations in Turkey for clinics and hospitals about these 

diseases. 

1.2 History of Hemophilia 

Due to clotting FVIII or FIX deficiency, hemophilia is a scarce inherited bleeding 

disorder. While the history of hemophilia dates back to the second century BC, a 

modern description of hemophilia appeared only at the beginning of the 19th century. 

The discovery of "antihemophilic globulin" in the mid-20th century led to the 

production of cryoprecipitate and later FVIII and FIX concentrates. After the tragic 

consequences of infection of blood-borne viruses by virus-neutralized factor 

concentrates during the 1970s and 1980s were hampered by the traumatic 

consequences of the haemophilia community, first plasmid-derived products and 

recombinant products then revolutionized haemophilia treatment by the widespread 

adoption of home treatment and prophylactic regimens has significantly increased the 

quality of life and lifespan of people with hemophilia over the past decade. [8]. 

Hemophilia was known in the ancient world, although effective treatment was only 

available in the last decade. The earliest written references to things that appear 

haemophilia, BC It is seen in Jewish texts of the 2nd century. According to rabbi rules, 

children who died after the previous two male circumcisions were exempted from 

circumcision. The first modern explanation for defining hemophilia belongs to John 

Conrad, and John Conrad considers three main characteristics for haemophilia: males 

tend to have a hereditary hemorrhage. However, the first use of the word "hemophilia" 

arises in texts written in 1904 [9]. 

1.3 Incidence 

Hemophilia is the most severe bleeding disorder after von Willebrand's disease which 

is the most common congenital bleeding disorder over the world. In 2016, the World 

Hemophilia World Federation (WFH) identified 304,362 people with hemorrhagic 

disorders worldwide [10]. This estimate included 105 countries and about 91% of the 

world's population. Approximately 61.5% of documented total hemophilia patients are 

severely affected cases [11]. People with impaired bleeding are classified into three 
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groups: 187,183 people with hemophilia and 74,819 people with von Willebrand 

disease (VWD) and 42,360 people with other bleeding disorders [12]. The incidence 

of hemophilia in the world is 1 from 10,000 and in males, this ratio is 1 from 5,000. 

Hemophilia A occurs in approximately 5,000-10,000 male births, with 85% of all 

hemophilia are Hemophilia A and 15% are hemophilia B. The incidence of disease is 

the same for all geographies It does not differ racially [13]. The proportion of people 

with hemophilia in Turkey, according to the report of the Turkish Society of 

Hematology in 2012 about 5000 people, 80% of which are hemophilia A and 20% 

hemophilia B [14]. 

1.4 Types of Hemophilia 

Hemophilia is a scarce hereditary hemorrhage disorder and is divided into two types 

resulting from a deficiency of factor: this blood disorder has two forms Hemophilia A 

and Hemophilia B (FVIII and FIX). Also, third type of Hemophilia is Hemophilia C 

which is depend on the FXI deficiency in blood [15]. 

1.4.1 Hemophilia A 

Hemophilia A is a severe bleeding disorder due to lack or absence of FVIII. 

Haemophilia is a hereditary disorder associated with X, but men are predominantly 

affected by carrier women. However, there are no family history of hemorrhagic 

failure in nearly three-thirds of the patients because they have a spontaneous mutation 

in the near past [16]. Because the plasma level of FVIII is inadequate for clotting. 

Factor VIII is an indispensable protein in blood coagulation and wraps around in an 

inactive form bound to the von Willebrand factor and protects it from proteolytic 

degradation. In response to injury, factor VIII is activated by thrombin and is separated 

from the von Willebrand factor. Factor VIII serves as a cofactor for factor IX (A) and 

hemostasis is contributed by thrombin expansion and expansion of fibrin formation. 

Factor VIII deficiency leads to suboptimal thrombin formation and fragile blood clots 

that can be broken easily [17]. In healthy subjects, normal factor VIII plasma levels 

(FVIII: c) range from 50 to 150 International Units (IU dL-1). Hemophilia occurs as a 

mild, moderate, or severe bleeding disorder due to the plasma level of factor VIII 

[18,19]. There is no measurable factor VIII levels (FVIII: c, <1 IU dL-1) that cause 

spontaneous hemorrhage in joints and muscles in severe hemophilia A patients; 

whereas in moderate haemophilia A patients (FVIII: c, 1-5 IU dL-1) usually only after 
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mild trauma and in mild haemophilia A patients only large trauma or postoperative 

bleeding occurs. Approximately half of the patients have severe form [20]. 

Severe hemophilia can cause serious morbidity and mortality; Spontaneous bleeding, 

unless treated with mainly joints and muscles, results in permanent disability. Bleeding 

episodes in moderate or mild haemophilia are rare and usually associated with trauma 

or surgery [21]. 

1.4.2 Hemophilia B 

Hemophilia B is a severe hemorrhagic disorder caused by a deficiency of a substance 

called FIX, a clotting factor, which is required for blood clotting. FIX deficiency, 

spontaneous hemorrhage and blood after injury may cause inadequate normal clotting. 

A clotting factor is a protein that controls bleeding [22,23]. Factor IX is also known as 

the Christmas factor because of the association of hemophilia B with the period [24]. 

While males are primarily affected, their teeth may carry affected genes, but usually 

do not tend to bleed. Since the sex is linked, this gene is on the X chromosome and is 

almost always carried by women without symptoms and passes on to their daughters 

and their sons. A daughter becomes an asymptomatic carrier when she is widespread 

from her mother, but when a boy is inherited extensively, it is affected by hemophilia 

B. Up to 30% of cases occur in a new gene mutation that does not exist in the mother. 

If your father has hemophilia and is not a mother carrier, all of your daughters will be 

carriers. None of the men get wide from their father. If the father is a hemophilia 

patient and the mother is a carrier, the girls can inherit two X chromosomes and 

become hemophilia. Hemophilia B is clinically indistinguishable from hemophilia A 

and at the same time is inherited by the inheritance of the X chromosome. However, 

the treatment of both diseases is quite different and the diagnosis of both diseases 

should be determined by coagulation factor tests [25]. 

Hemophilia B suffers from recurrent, often life-threatening, bleeding events that can 

occur without significant damage. The seriousness of the situation depends on the 

degree of lack of FIX. 45% Hemophilia B has less than 1% FIX level and they have 

Christmas disease. The remaining individuals have FIX levels between 1% and 5% 

and are in moderate condition or more than 5% and mild condition. [26]. The most 
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common places for hemorrhages are joints (ankles, elbows, and knees) and muscles 

and mucous membranes. 

1.4.3 Hemophilia C 

Hemophilia C is a rare bleeding disorder caused by the development of autoantibodies 

(inhibitors) directed against plasma coagulation factors, most commonly factor XI 

(FXI). Hemophilia C (deficiency of FXI) was first described in an American Jewish 

family in two sisters and their maternal uncle [27]. 

Acute reduction in FXI causes mild bleeding unlike bleeding in haemophilia A or 

haemophilia B which is clearly linked to the factor level, the bleeding risk in 

heamophilia C is not always influenced by severity of the deficiency, especially in the 

individuals with the partial deficiency.  Indeed, some patients with severe deficiencies 

do not have a tendency to bleed, and some patients with mild deficits are over blooded. 

This unpredictability, which is not fully understood, makes hemophilia C more 

difficult than hemophilia A or B [28]. 

Serious insufficiency is defined as FXI c activity of 15-20 U / dL or less. However, 

this is now a suitable terminology since bleeding disorders are not clinically severe 

even at very low FXI levels. Spontaneous bleeding occurs infrequently, but bleeding 

may occur postoperatively, more commonly at the lowest level of bleeding. Levels in 

this range define the individuals with a gene mutation of less than about 15 U / dL, 

usually 2 (FXI). [29,30]. 

1.5 Clinical Diagnosis of Hemophilia 

If a family history is available, the hemophilia can be diagnosed before, during, or after 

birth. There are many options for parents. If there is no family haemophilia story, it is 

often diagnosed only when a child starts walking or crawling [31]. The clinical signs 

and symptoms of hemophilia A and B are the same and are associated with prolonged 

and excessive bleeding tendency. The bleeding tendency in hemophilia is determined 

in large part by the baseline level of the deficient or defective clotting factor. The 

presence of easy ecchymosis in early childhood, especially intra-articular and 

intramuscular spontaneous hemorrhage, and interventions should suggest haemophilia 

in the presence of long-standing bleeding episodes that are expected after trauma [32]. 
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To ensure adequate procoagulant function in healthy individuals, the circulating FVIII 

concentration should be as low as 200 ng / mL; whereas FIX should be at about 5000 

ng / mL. The severity of bleeding findings depends directly on the degree of FIX or 

FVIII deficiency. Patients with factor activity <1% showed "severe hemophilia", 

whereas those with 1-5% showed "moderate hemophilia" and those with> 5% showed 

"mild hemophilia" In mild hemophilia, the disease may remain silent for many years, 

and occasionally a new diagnosis of hemophilia may be made in those older than 60 

years of age when challenged with a surgical procedure [33]. The bleeding pattern in 

severe hemophilia is distinct and is not often seen in other bleeding disorders. Severe 

hemophilia can cause severe mortality and morbidity; Spontaneous bleeding, mainly 

in joints and muscles, results in permanent disability if left untreated. Bleeding 

episodes are rare in moderate or mild hemophilia and are usually associated with 

trauma or surgery [34]. 

1.6 Causes of Hemophilia  

Hemophilia disease occur as a result of abnormality of the genes which are responsible 

for blood clotting factors either of abnormality genes inherited from one of the parents 

which translate appear on it symptoms of Hemophilia or as a result of sporadic genes 

formats of clotting mechanism for the child, so it appears on a   person has no family 

history of such disease, and maybe has results [35]. 

Hemophilia may be existed in the family for successive generations without knowing 

it and even without symptoms' appearance of the disease. As a result, hemophilia may 

infect the family's males. In most of cases, we cannot determine if these family's 

females are carrier to the disease or not. But it will only be diagnosed when a new born 

is a male. [36]. 

Hemophilia effects male (x) mainly as affected when the of (x) chromosome abnormal 

mother, When the chromosome x moves from mother to son where the son lacks the 

second X chromosome, which can compensate for its defective genes (ie, those genes 

that have a problem). While the females carry the pathogen but they remain non-

infected with the disease, so that the female infection of this disease must be an 

abnormal gene on the X chromosomes, which is very rare [37]. 
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The genetic mutation may occur during pregnancy as a result of the mother's exposure 

to several factors that may affect her pregnancy, and then the genes pass from the 

pregnant mother to the two genes with hemophilia. Although most cases are inherited, 

a person can acquire hemophilia through an automatic genetic mutation, and can occur 

if the body forms antibodies or antibodies to the coagulation factors that prevent it 

from acting )acquired hemophilia( [38]. 

1.7 Complications of Hemophilia 

Bleeding can cause many problems, including neurological deficits; however, a very 

common finding is that it causes destruction of joints due to recurrent bleeding. Feeling 

that the joints are painful as they move and their range of motion is limited. Anyone 

who has received blood from a patient with hemophilia A or B will probably find that 

the patient cannot fully expand the elbow. Prior to the appearance of recombinant FIX, 

patients were using the plasma-derived FIX concentration of many donors. Prior to 

1985, there was a significant risk that this product could be contaminating with 

hepatitis B or C or HIV [39]. The risk for patients with hemophilia is even greater 

because it is usually a heavier condition, and treatment is probably needed more often, 

and donors are also needed for each treatment. Due to the shortage, the majority of the 

product was imported from the United States, where the incidence of these diseases 

was higher and the tendency for the lifestyle to differ in terms of lifestyle was due to 

the use of paid donors. In a study published in 1998, 41% of hemophilia A patients, 

HIV antibodies were found in 6% of the patients. For more severely affected patients, 

there were 59% and 11%, respectively. [40] In 1985, a viral inactivation process made 

the product safer, but the appearance of the recombinant 'genetically engineered' FIX 

made a big difference. Otherwise, we may still be concerned about the contamination 

of other agents, such as the new variant Creutzfeldt-Jakob disease [41]. 

Many people with hemophilia A, including patients with hemophilia B, are both 

infected with both hepatitis C virus (HCV) and HIV, and two viruses together cause 

quite poor prognosis [42]. It continues to generate a significant amount of deaths due 

to liver disease and hepatocellular carcinoma [43]. However, people who have 

hemophilia and are not infected with HIV appear to have a lower mortality rate from 

the general population due to cancer; this requires further research [44]. 
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Factor VIII replacement therapy is the basis of hemophilia therapy and is effective as 

long as a patient does not develop an alloyant (inhibitor) against exogenous FVIII. 

Inhibitor development is the most important treatment complication in patients with 

hemophilia today and is associated with severe morbidity and reduced quality of life. 

The development of an inhibitor is the result of a complex interaction between a 

patient's immune system and genetic and environmental risk factors. The mainstay of 

treatment is the removal of the inhibitor with the immunity tolerance [45]. 

1.8 Vitamin D  

Vitamin D is a critical for cardiovascular health and musculoskeletal system and also 

for phosphorus and calcium homeostasis. When vitamin D had shown to play an 

important role in many acute and chronic illnesses, it came to the center of attention. 

Based on Funk's ideas, vitamin D was discovered 100 years ago and was first described 

by Mc Collum [55-57]. In 1952, vitamin D was shown to affect serum calcium and is 

necessary for neuromuscular function [55]. By the end of the 1960's experiments with 

radioactive 3H vitamin D3, a biologically active form of vitamin D, which was very 

important for the metabolism of organisms, was thought to exist [56]. Subsequently, it 

took some more years to isolate and name these active metabolites (eg, 25 (OH) D and 

1,25 (OH) D) [57,58]. 

It is most important to maintain a balanced level of calcium by increasing the 

absorption of vitamin D in the intestine and protecting the level of phosphate and 

calcium in the bone [59]. It is well known that vitamin D exerts multiple functions in 

vitamin D, autoimmune diseases, cell growth, bone biology, neuromuscular or 

inflammatory and other immunological functions [60]. 

1.8.1 Sources of Vitamin D 

There are two sources of vitamin D supplementation: (1) cutaneous synthesis and (2) 

diet. The majority is provided by skin synthesis [52]. 

7-Dehydrocholesterol (provitamin D3, 7-DHC), which is synthesized from cholesterol 

in the liver, turns into provitamin D3 (ultraviolet B wave length: 290-315 nm) when it 

absorbs solar energy. Under heat effect Vitamin D immediately converts to vitamin 

D3 (cholalciferol). Although direct sunlight exposure depends on the season, latitude 
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and time, it is responsible for the total amount of D3 vitamins production and over-

exposure can also lead to the formation of ineffective photoproducts [53]. 

 

Figure 1.1 Illustrates the transformation of 7-Dihydrocholesterol to Colcalrorol 

vitamin D3 

A smaller portion of vitamin D is taken from the diet [60,63], along with phosphate 

and calcium. While Ergocalciferol (vitamin D2) is found in plants and plant products, 

cholecalciferol (vitamin D3) is also found in cod liver oil as well as other animal 

products such as mackerel, fresh and canned salmon and tuna fish [46,47].

 

Figure 1.2 Shows the transformation of the Arcticol to the Arccocyclol vitamin D2. 

The both vitamin D3 exporters both under the skin or the food are ineffective and are 

converted into effective form by way of metabolic processes in the liver to 25-OHD3 

by the 25-hydroxylase enzyme [46]. 
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1.8.2 Synthesis of Vitamin D  

Synthesis of vitamin D in nature is either produced in the skin by exposure to UVB 

radiation or is ingested in the diet, and subsequent activation in liver and in kidney, 

when steroid, which is found in some plants and is found in some fungi, is exposed to 

the sun, ergosterol produces vitamin D2 [54]. Vitamin D3 results in a 7-

Dehydrocholestrol (7-DHC) compound, which is found under the skin. This 

compound is added to Vitamin Provitamin D3 (PRED3) and then the latter is converted 

to vitamin D3. After sun exposure, preD3 and vitamin D3 are converted into 

ineffective products. Vitamin D3 enters the skin or food into the bloodstream and is 

transformed by metabolic processes into the liver, (25 (OH) D3 by 25-OHASE 

enzyme).  And then enter 25 (OH) D3 again into the circulatory system and transfer to 

the kidney to be converted to Cholecalciferol (1,25) OH 2D3-mediated enzyme, 25 

(OH) D3 1 -hydroxylase (1-OHASE) Kidney production of 1,25 (OH) 2D3 is mediated 

by several factors, including the level of phosphorus in blood Pi and the thyroid 

hormone PTH, which in turn regulates the metabolism of calcium through its 

intervention or interaction with major tissues such as the bones and intestines [55]. 

Also, 1,259 (OH) 2D3 drives the process of rupture of (25-OH) D 24-hydroxylase (24-

OHase) metabolizes 25 (OH) D in other tissues to regulate the cell growth process as 

shown in the figure: - 

 

Figure 1.3 Synthesis of vitamin D. Schematic presentation of vitamin D intake and 

metabolism. Vitamin D is provided by diet intake or cutaneous synthesis. Vitamin D 
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is taken up by bloodstream into the liver where the chemical structure of Vitamin D is 

changed by hydroxylation. Then it is send to the kidneys for another hydroxylation. 

Finally, the active metabolite 1.25 (OH) D is given to circulation to be active. 

1.8.3. Vitamin D Deficiency 

Deficiency of Vitamin D is a widespread and global problem. 25 (OH) D in the blood 

is measured to determine the D vitamin status. Inadequate vitamin D levels are 

between 20 ng / mL and 29 ng / mL, and levels below 20 ng / mL are defined as 

deficiency [56.57]. Recent evidence shows that; 25 (OH) D levels are circadian 

rhythms and therefore require special care during taking blood samples [58]. An 

admission survey and a health interview for adults showed that more of the German 

population had a level of 25 (OH) D below 20 ng / mL [59]. It was reported that in 

2012, approximately 80% of European residents were conducting an investigation 

showing a serum concentration of vitamin D below 30 ng / mL. The likelihood of 

complaints of vitamin D deficiency is increasing with age [60]. There is plenty of 

evidence that vitamin D deficiency may be associated with a variety of chronic 

diseases such as diabetes, cardiovascular disease, cancer, obesity, and depression. The 

aim of this study was to investigate the prevalence of vitamin D deficiency and its 

correlation with Haemophilia patients [61]. 

Lack of exposure to sunlight in hemophilic patients due to inactivity and restriction of 

movement may lead to deficiency of vitamin D, as sunlight is the principal source of 

vitamin D production. Arthropathy in hemophilic children together with 

immobilization makes them more susceptible to vitamin D deficiency and osteoporosis 

that can affect parathormone level, calcium, and phosphorus metabolism [62].  

1.8.4 Relationship of Vitamin D with Hemophilia 

Osteoporosis is a major problem in hemophilic patients. The causes of osteoporosis in 

hemophilic patients are inadequate exercise, inflammation, low vitamin D levels and 

multiple bleeding. Children with hemophilia A are under the risk of reducing bone 

mineral density (BMD) and developing osteoporosis and later life-time fractures [63]. 

Low BMD pathogenesis in the hemophilia is multifactorial and includes hemophilic 

arthropathy with immobilization [64]. Patients with decreased hemophilia in BMD 

may have a higher risk of fracture and osteoporosis in later life [63]. The aim of this 
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study was to compare serum vitamin D levels of healthy people with hemophilia 

patients and to evaluate serum vitamin D levels and various factors in hemophilia 

patients. 

1.9 Calcium 

Calcium is the most abundant substance in the body (25 to 35 mol) [1.0 to 1.4 kg] in 

the body. More than 98% are found in teeth and bones, which provide a large reserve 

that can be drawn as old as necessary [65]. One percent of bone calcium can be rapidly 

replaced by extracellular calcium; this calcium is equally distributed between 

extracellular and intracellular fluids. Extracellular calcium acts as a cofactor for many 

of the extracellular enzymes, most importantly for the enzymes of the clotting cascade, 

along with the basic substrate for mineralization of cartilage and bone [66]. The 

calcium requirement depends on the calcium metabolism state regulated by the three 

main mechanisms of renal reabsorption, bone turnover, and intestinal absorption. 

These are regulated by a range of interacting hormones including parathyroid hormone 

(PTH), 1,25-dihydroxy D vitamin (1,25 (OH) 2D) and ionized calcium and their 

corresponding receptors in the bone, gut, and kidney [67]. As shown in Figure: 
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Figure 1.4 Reflects the effect of PTH, calcium and vitamin D on the sodium level. 

Calcium serves two basic purposes: to provide skeletal strength and, at the same time, 

to provide a dynamic reservoir to preserve extra- and intracellular calcium pools. Also, 

it is important and necessary for muscle contraction, blood clotting and permeability 

of cell walls and control of the heart [68]. Calcium in serum exists in three fractions:  

1-Calcium is associated with plasma protein albumin and accounts for about (40%) of 

the amount of calcium in the blood. 

2-Calcium united with ions in the serum (phosphate, bicarbonate, sulfate) This part 

forms about [13%] of the amount of calcium. 
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3-Calcium, which is a free ionic form which accounts for about (47%) [65], and 

Calcium is a biologically active fraction that is closely controlled by hormonal 

mechanisms. 

Changes in the ionized calcium concentration in the blood modulate PTH release in 

minutes per minute in vivo, affecting the level of calcium-sensing receptor (Ca-R) 

activation in parathyroid cells. Hypocalcemia directly stimulates PTH release by 

inactivating Ca-R, and plasma PTH concentrations rise within a few minutes as the 

blood ionized calcium concentration decreases [69]. Decreases in the extracellular 

calcium concentration that lasts for several hours also promote genetic transcription of 

Pre-Pro-PTH, which increases thyroid hormone PTH release [70] 

1.9.1 Calcium Function 

Calcium plays a vital role in a large variety of biological functions in the form of bound 

complexes or free ions. One of the most significant functions of bound calcium is 

skeletal mineralization [71]. The basic function of calcium is the formation of teeth 

and bones, and it contributes to the blood coagulation process and plays a role in 

muscle contraction and in its duration and helps to lower blood pressure (hypertension) 

[72]. Calcium is the activator of many enzymes such as adenosine triphosphatase 

(ATPase), lipase, and succinic dehydrogenase. It is also necessary for membrane 

permeability involved in muscle contraction [73]. Calcium absorption requires 

calcium binding protein and is regulated by sunlight, vitamin D, thyrocalcitonin, and 

parathyroid hormone. Thyrocalcitonin reduces plasma phosphate and calcium levels, 

while parathyroid hormone increases them. Phosphorus and calcium are 

predominantly absorbed in the upper small intestine, especially in the duodenum, and 

the amount absorbed depends on the source [74]. It also plays many of roles within the 

body and is included in a diverse range of processes including bone growth and 

remodeling, secretion (exocytosis), excitation contraction coupling, stabilization of 

membrane potentials, enzyme co-factor, second messenger and intracellular signaling. 

The amount of calcium in the blood is tightly controlled by signaling pathways and 

molecules, including PTH and vitamin D. Insufficient intake, bad calcium absorption, 

and excessive calcium loss contribute to a reduction in bone mineralization. For 

example, children who do not have enough calcium, such as osteoporosis,  

osteoporosis, calcium deficiency disease (hypocalcemia), and rickets cannot grow to 
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full potential height as in adults [75]. Deficiency of Vitamin D causes poor absorption 

of calcium and a decrease in bone mineralization, which results in soft, flexible bones 

that are easily deformed [76]. A decrease in the absorbed calcium causes the serum 

ionized calcium concentration to decrease [65]. It stimulates parathyroid hormone 

(PTH), which is effective in three ways to increase and maintain serum calcium levels 

[77]. Important factors that promote calcium absorption: Vitamin K and growth 

hormone, vitamin D, lactose sugar and acidic HCl coming from the stomach to the 

intestines [78]. There is also evidence of low plasma calcium along with chronic 

diseases such as colon cancer and hypertension [72,79]. 

1.9.2 Calcium–Phosphate Interactions     

Phosphate [inorganic phosphorus] and calcium interact in several basic processes. 

Skeletal calcium and phosphate metabolism work in cohort with osteoblasts, 

osteocytes and extracellular matrix proteins, making the osteoid mineralized [80]. On 

the other hand, there is a less understood regulatory system in skeletal tissues that 

prevents harmful deposition of calcium phosphate complexes in the soft tissue [81,82]. 

Soft tissue classification is common in CKD. Classification in blood vessels is 

associated with increased mortality predicted from serum phosphate and calcium 

phosphate levels [84]. 

The serum PTH level, which is central to calcium homeostasis, also plays an important 

role in phosphate homeostasis. Increased serum PTH [85] in renal Na / Pi II co-

transporters decreases renal phosphate reabsorption and serum phosphate while 

reduced PTH, renal phosphate reabsorption and serum phosphate increase. 

1.10 Alkaline Phosphatase  

ALP is a member of hydrolase enzyme class responsible for removing phosphate 

groups (dephosphorylation) from many types of molecules, involving proteins, 

alkaloids, and nucleotides, and it is most effective in an alkaline environment. ALP is 

present as several iso-enzymes including liver, bone, placental, intestinal and kidney 

[86]. 

Serum ALP is principally liver and bone isoforms derived from the biliary canicular 

membrane and osteoblasts respectively and as such primarily reflects changes in bone 
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and liver function. ALP can be raised in a number of conditions including hepatobiliary 

disease (often seen with elevated Gamma Glutamyl Transferase GGT), bone disease 

associated with increased osteoblast activity (Paget’s disease, osteomalacia), disorders 

of calcium homeostasis and malignancy [87]. 

Decreased levels of ALP in hypophosphatasia, an autosomal recessive inherited 

disorder associated with low ALP activity and characterized by dental and bone 

abnormalities. Clinical symptoms range from the rapidly fatal perinatal variant with 

profound skeletal hypo mineralization and respiratory compromise to a milder, 

progressive osteomalacia later in life due to tissue-nonspecific alkaline phosphatase 

deficiency in osteoblasts and chondrocytes impairing bone mineralization [88]. 

Biochemical findings in osteomalacia include low serum and urinary calcium, low 

serum phosphate, elevated serum ALP and elevated PTH. Hence, markedly high levels 

often associated with Paget's disease. Moderate increases occur in osteomalacia [89]. 

1.11 Phosphorus 

Phosphorus is the second most important mineral after calcium in the human body. 

Phosphorus plays a role in numerous biological processes, including energy 

metabolism and bone mineralization, while also providing a structural framework for 

RNA and DNA. It is synthesized by various biochemical pathways such as beta-

oxidation and glycolysis [90,91]. Phosphorus is a component of enzymes, 

phosphorylation is responsible for activation of many hormones, and phosphorus is 

involved in acid-base regulation as a buffer at the surface of bone. Approximately 80% 

of phosphorus is present in the teeth and bones [92,93]. Plasma and serum contain only 

a small portion of the total body phosphorus in the form of inorganic phosphate, lipid 

phosphorus, and phosphoric ester. Changes in serum phosphate levels do not reflect 

the total phosphorus deposition of the body. [94]. 

A normal diet provides approximately 20 mg/kg/day of phosphorus, which is absorbed 

at 16 mg/kg/day in both intracellular and intercellular processes [predominantly 

jejunum] in the small intestine [92]. The intracellular process is mediated by the 

Sodium Phosphate co-migration, which is found in the villi of the small intestine [95]. 

Phosphorus is absorbed by the small intestine through passive diffusion through an 

electrochemical gradient and is also actively transported between cells using a type 2B 
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sodium phosphate carrier [96]. Between 60-70% of the phosphorus consumed is 

absorbed via the intestines [97,98]. 70% of the phosphorus is excreted by the kidneys 

and 30% is excreted through the gastrointestinal tract [99]. In adults, the serum 

phosphorus concentration is about 3-4 mg / dL, which is expressed as elemental 

phosphorus, but most are present as phosphate [92]. The quantity of phosphorus 

absorbed by the intestines is directly related to the quantity present in the diet and its 

bioavailability [96].The maintenance of calcium homeostasis is responsible for 

exchanges between phosphorus in the extracellular space and bone [100]. 

The kidney is the primary or primary regulator of phosphate concentration in blood 

plasma. The thyroid hormone (PTH) has a major effect, which reduces the process of 

retinal absorption. This effect of the hormone is made with some contribution by active 

vitamin D3 [101]. 

Decrease in serum phosphorus is seen in rickets, hyperparathyroidism and Toni-

Fanconi Syndrome. Deficit disease or symptoms in children cause rickets and 

osteomalacia in adults. Increase in serum phosphorus is seen in chronic nephritis and 

hypoparathyroidism. Toxicology disease or symptoms include low serum Ca2 +: P 

ratio. It can also cause bone loss [102, 103]. Phosphorus deficiency is rare. However, 

there are several phosphate metabolism disorders that may cause altered calcium 

metabolism [104]. 

The increase in nutrient phosphorus leads to a small amount of phosphate absorption, 

with little evidence of an upper limit or saturation of the absorption process [93]. Three 

mg/kg/day of phosphorus is released into the intestines via pancreatic and intestinal 

secretions and a net phosphorus uptake is around 13 mg/kg/day [90].The high level of 

phosphates in the blood promotes the development of thyroid gland hyperplasia where 

high concentrations of phosphorus facilitate the manufacture of thyroid hormone PTH 

by regulating the completion of genetic expression of the formation of PTH mRNA of 

the hormone to facilitate the process of translation [105]. High phosphate levels in the 

blood also reduce the effectiveness of vitamin D3 therapy in patients with 

hyperthyroidism [106]. There is a strong correlation between increased cardiovascular 

disease mortality and factors that help precipitate calcium such as blood 

hyperphosphatemia [107,108]. 
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1.12 Parathyroid Hormone 

PTH is the main regulator of some electrons, if it affects several types of cells directly 

and indirectly. The hormone level increases in both bone building and osteoporosis. It 

regulates bone resorption to release calcium and compensate for the lack of calcium in 

the blood. Lining cells [109]. Calcium has a role in regulating the biological synthesis 

of PTH hormone. The rise in blood calcium level may diminish or decrease in the 

process of genetic copying of the genetic code of the hormone, so the thyroid gland is 

ready to respond or respond to the reduction in calcium much more easily than its 

height. In the case of hypercalcemia hypercalcemia, PTH secretion is greatly reduced 

and most of what is produced is fragments or fragments scattered from the peptide 

carboxylic endpoint of the hormone carboxylic-terminal fragments [110]. 

1.12.1 Role of Parathyroid Hormone 

 The functions of parathyroid hormone are the stimulation to increase the association 

of calcium with protein and also by increasing the production of vitamin D3. 51 PTH 

also regulates the levels of calcium and phosphorus in blood and their response is 

according to the level of calcium [111]. 

The action of PTH in the bone is a multiplier that affects directly and indirectly several 

types of cells and increase the level of hormone in the case of bone building and bone 

resorption as PTH regulates resorption to release calcium and compensate for the lack 

of calcium in the blood [112]. 

Thyroid gland activity is increased due to hypercalcemia. It also rises as a result of the 

chronic decrease in the level of serum calcium. This decrease increases the activity of 

the thyroid gland or because of the high level of phosphate in the serum which leads 

to a direct decrease in the level of serum calcium which in turn stimulates Activation 

of thyroid gland. Hyperthyroid hyperthyroidism is also caused by hyperplasia of the 

same gland, and in rare cases, activity is increased due to carcinoma of the carcinoma. 

The symptoms of this type of hyperactivity may be severe and the disease may 

continue without side effects for several years or life span, which is commonly known 

as hyperthyroidism asymptomatic hyperparathyroidism [91]. 
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The activity of the PTH is sometimes reduced due to surgical ablation, in which the 

removal of PTH in the treatment of the hyperthyroidism of thyroid glands, and the 

decrease in activity of the autoimmune hypoparathyroidism, as the immune system 

forming antibodies that attack the PTH Like objects that are alien to the body so that 

the glands cannot produce enough of the hormone [113]. 

 

 

 

 

 

 

 



 

21 

 

CHAPTER II 

LITERATURE REVIEW 

Vitamin D is one of the major factors for normal phosphate and calcium homeostasis, 

as well as important factors in bone mass preservation and bone development. 

Albayrak and Davut, [2015]. were found that low vitamin D levels in hemophilic 

patients is the highest during winter and autumn [114].  

Sanadhya et al, [2016] compare the difference in serum vitamin D levels of pediatric 

hemophilic patients and healthy children, the result was significant correlation 

between severity of Hemophilia and Vitamin D insufficiency [61]. 

 Hanaa et al, [2017] were found that vitamin D deficiency is an essential cause of 

decreased bone mineral density in hemophilic children [115]. 

AlIoglu et al, [2012] were found that serum parathormone levels were significantly 

increased, BMD was significantly reduced in severe haemophilics [116]. 

Some studies were showed that vitamin D prevents osteopenia, rickets, and fractures 

and Vitamin D plays important roles in the absorption and bone deposition. Low 

calcium absorption generates a number of physiological problems, since calcium is 

important for most metabolic functions, as well as the muscular activity [117,118]. 

Thiele et al, [2013] maternal lack of sun exposure and a minimal intake of vitamin D 

in the diet contributes to low vitamin D in breast milk and therefore to vitamin D 

deficiency in the baby [119]. 

Holick, [2012] the kidneys and liver are two key organs for the production of vitamin 

D. All patients with kidney or liver disease will likely have problems with the 

production of VD and therefore should receive vitamin D supplements [120]. 
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Caroline S et al, [2012] vitamin D in patients with Chronic liver disease CLD and 

inversely correlated with disease severity. Vitamin D supplementation improves 

response to antiviral therapy and reduces rejection rates after liver transplantation 

[121]. G.Pongron, [1969] conducted a study on rats and found that The osteodystrophy 

and the higher requirements for vitamin D observed in hepatic insufficiencies may be 

due to an inability of the liver to transform vitamin D into its metabolically active form 

[122]. 

Diana Mager et al, [2016] adults with diabetes and chronic kidney disease (CKD) are 

at risk for vitamin D [123]. Testa A., et al, [2010]. Vitamin D deficiency is an 

independent risk factor for the development of end-stage renal failure. It is 

demonstrated that there is a relation between bad VD condition and endothelial 

dysfunction in hemodialysis patients [124]. 

Drechsler C et al, [2010] found the It has been demonstrated that there is a relation 

between VDR gene polymorphism and left ventricle bulk in in patients with end-stage 

renal failure, and this indicates ventricle hypertrophy progression [125] Molinari et al, 

[2011] found the has been suggested that low 25(OH)D3 levels are related with sudden 

cardiac death in diabetic hemodialysis patients [126]. 

 Takiishi T et al, [2012] effects of vitamin D on the pathophysiology of type 1 diabetes 

have been described, autoimmune destruction of pancreatic islet beta cells [127]. 

Nunlee-Bland G et al, [2011] investigated the in observational studies, it has been 

shown that there is a relation between low serum 25(OH)D3 levels, and diabetes 

mellitus and metabolic syndrome [128]. 

De Boer IH et al, [2008] in a prospective cohort study titled Nurses' Health Study 

presented by Pittas et al, 25(OH)D3 levels and glucose intolerance in females have 

been monitored for 20 years and it has been found that VD and calcium intake is 

negatively correlated with the risk of developing type 2 diabetes [129]. 

Deleskog et al, [2012] report that there is a decrease in the risk of becoming diabetic 

faced by prediabetic patients with high 25(OH)D3 level [130]. 
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Snijder R. et al, [2007] it should not be forgotten that high hyperparathyroid hormone 

levels are a result of VD deficiency and related to myocardial hypertrophy and high 

blood pressure [131]. 

 Kunutsor et al, [2013] in their wide meta-analysis, Kunutsor et al. show that there is 

a negative correlation between basal free serum VD levels and hypertension [132]. 

Larsen et al, [2012] investigated the in recent studies, there are different results 

assessing VD’s effect on blood pressure. [133]. 

Yetley et al, [2008] in one study, there some measurements have been made on 

25[OH]D3, anthropometric values, body fat and peak bone mass, and it has been 

detected that there is a very strong negative correlation between DEXA measurements 

of visceral, subcutaneous fat and total body fat [134]. 

When vitamin D deficiency and epidemiological data is considered together, it has 

been understood that there is a negative correlation between all elements of metabolic 

syndrome and 25(OH)D3 (levels De Luis DA, 2008) [135]. 

Scragg R. et al, [1981] found the relationship between cardiovascular diseases (CVD) 

and vitamin D is one of the most popular subjects for research. It was Robert Scragg 

who first inferred in 1981 that cardiovascular mortality varies seasonally, and that 

UVB rays have positive and protective effects on cardiovascular risk [136]. 

Burgaz A et al, [2011] found the A number of observational studies and prospective 

meta-analyses have demonstrated the probable interconnection between Vitamin D 

deficiency, cardiovascular diseases and risk factors [137]. 

Nibbelink KA et al, [2007] found the It has been demonstrated in culture 

cardiomyocytes that VD metabolites have anti-hypertrophic and anti-proliferative 

effects [138]. 

Pittas et al, [2010] reported a meta-analysis including 9 prospective observational 

studies. According to this report, in 5 out of these 9 studies there is a correlation 

between low VD levels and high CVD risk [139]. 

Wang TJ et al, [2008] CVD history have been monitored for 5.4 years, and it has been 

detected that the percentage of incidents related to CVD was higher by 53 to 80 in 

patients with low 25(OH) D levels [140].  
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CHAPTER III 

MATERIAL AND METHOD 

3.1 Material 

Our study has started in Gaziantep University, Medical Faculty, Department of 

Internal Diseases, Hematology Clinic, in accordance with the decisions of Helsinki 

Declaration and the approval 2017/227 given by the Gaziantep University Ethics 

Committee, given on 19.06.2017. Moreover, this study is supported by Gaziantep 

University Scientific Research Projects Commission (TF.YLT.17.36). 

40 patients between the ages of 18 and 65, who applied to the Hematology Clinic of 

Gaziantep University and were diagnosed with hemophilia have been chosen as the 

subjects of this study. As for the control group, 40 healthy adults within the same age 

range who consulted the ward of internal diseases for routine controls were chosen. 

The ages of the members of the control group have been carefully chosen in 

accordance with the ages of the members of the study group. 

The process of drawing blood was conducted in the Venesection Unit of Gaziantep 

University Medical Faculty. The blood samples for the routine analysis were drawn 

from the volunteering patients in sitting position after the forearm antecubital area was 

sterilized with a piece of cotton soaked in alcohol. 2 ml of blood from each patient was 

drawn into the coagulation tubes filled with 32% sodium citrate for the coagulation 

tests, and 5 ml from each patent was drawn into the tubes without anticoagulant for 

the ALP, calcium, phosphorus, vitamin D and parathormone analysis. 

Once the blood sample is obtained, it should be stored in room temperature for at least 

30 minutes for it to coagulate and centrifuge must be performed after the coagulation 

occurred. This process should take place no later than 2 hours after the bloodletting 

process and the samples should not be stored in +4 oC in order not to accelerate the 

heamolysis during the waiting period. Afterwards, the blood samples were centrifuged 
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in 4000 rpm for 10 minutes (Nuve NF800R, Turkey) and the blood serum was 

separated. The blood serum, then, was stored in Eppendorf tubes in -80 ºC. The 

patients were checked for factor VIII and factor IX for hemophilia diagnosis. All the 

analysis of all the parameters included in the study were made in the central laboratory 

of Gaziantep University Medical Faculty.  

3.1.1. Exclusion Criteria 

Patients who have a factor deficiency except for factor VIII and factor IX 

Female patients (diagnosed or unhealthy) 

Volunteers who are not between the ages 18 and 65 

3.1.2 The Evaluation of The Parameters 

Inhibitor, FVIII and FIX levels were measured by using a coagulation device (Stago 

Star Evolution, USA) on the blood samples in tubes with sodium citrate.  Also, levels 

of Vitamin D, parathormone (Beckman Coulter Unicel DxI800, USA), alkaline 

phosphatase, calcium and phosphor (Beckman Coulter AU5800, USA) levels were 

measured in the blood samples without anticoagulants. 

3.2 METHOD 

3.2.1 Measuring  the Vitamin D Levels 

Vitamin D total assay is a two-step competitive binding immunoenzymatic test. In the 

first incubation, the sample is added to a reaction vessel with paramagnetic particles 

coated with a DBP release agent and sheep monoclonal anti-25 (OH) vitamin D 

antibody. 25 (OH) vitamin D is released from the DBP and is bound to the immobilized 

monoclonal anti-25 (OH) vitamin D in the solid phase. Then, a competitive 25 (OH) 

vitamin D analog-alkaline phosphatase conjugate is added to bind to the immobilized 

monoclonal anti-25 (OH) vitamin D. After a second incubation, the solid-phase bound 

materials are held in a magnetic field. The unbound material is washed. Subsequently, 

the chemiluminescent substrate Lumi-Phos * 530 is added to the vessel and the light 

produced by the reaction is measured with a luminometer. Light production is 

inversely proportional to the 25 (OH) vitamin D concentration in the sample. The 
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amount of analyte in the sample is determined from a stored multi-point calibration 

curve. 

3.2.1.1 Expected Values 

Table 2.1 Optimal values of 25(OH) Vitamin D in serum. 

Vitamin D Status 25 (OH) Vitamin D 

Concentration Range 

(ng/mL) 

25 (OH) Vitamin D 

Concentration Range (nmol/L) 

Deficient < 20 < 50 

Insufficient 20 to < 30 50 to < 75 

Sufficient 30 – 100 75 – 250 

Upper Safety 

Limit 

>100 > 250 

 

3.2.2 Measuring the Parathormone Levels 

PTH test kit is a paramagnetic particle chemiluminescence analysis made by using 

immunoassay systems in order to determine the quantitive levels of human serum and 

parathyroid hormone with an intact plasma (parathyrin, PTH). 

The PTH kit is a bi-zonal enzymatic (“sandwich”) examination. A sample with 

monoclonal anti-PTH anticore conjugated with alkaline phosphate, saline buffed with 

TRIS including protein and paramagnetic particles covered with polyclonal anti-PTH 

anticore are added into the reaction container. After the incubation in a reaction 

container, the materials are brought to a solid phase and when the materials that have 

not been brought to a solid phase were being washed, they are held in a magnetic area. 

Afterwards, chemiluminescence substrate Lumi-Phos* 530 is added to the container 

and the light produced by the reaction is measured using a luminometer. The light 

production levels are directly proportional with the PTH concentration in the sample. 

The amount of analyte in the sample is calculated based on the multipoint calibration 

curve. 
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3.2.2.1 Expected Values 

Median values and 95% non-parametric reference ranges are shown below: 

Table 2.2 Optimal values of PTH in serum 

n Avarage 

Age 

Age Range Median 

Value 

Reference Range 

289 40 19-67 37,8 pg/mL 

(4,0 pmol/L) 

12-88 pg/mL 

(1,3-9,3 pmol/L) 

 

3.2.3 Measuring the Calcium Levels 

The test kit for calcium is based on calcium ions (Ca2+) which react with Arsenazo III 

(2,2’-[1,8-Dihydroxy 3,6-disalfonaftilene-2,7-bisazote]-bisbenzenarsonic asid) in a 

way that it produces an intense purple complex. In this method, the increase in the 

absorbance of the Ca-Arsenazo III complex is measured bichromatically in 660/700 

nm. The increase in the absorbance of the reaction mixture is directly proportional with 

the calcium concentration in the sample [141,142].  

3.2.3.1 The Reaction Principle 

Ca+2 +     Arsenazo III        Ca-Arsenazo III complex 

(purple) 

3.2.3.2 The Expected Values 

Table 2.3 Optimal values of Ca in serum 

Sample Type Group Reference Range 

Serum, plasma Adults 2,20-2,65 mmol/L (8,8-10,6 mg/dL) 

3.2.4 Measuring the Phosphorus Levels 

The phosphorus kit is a photometric UV test which is used to determine the amount of 

the inorganic phosphorus in human serum, plasma and urine in Beckman Coulter 

analysis devices. Inorganic phosphorus reacts with molybdate and creates a 

heteropolyanion complex. Using surface-active agent annihilate the need to prepare a 

pH 6,9 



 

28 

 

filtrate that does not contain protein. The absorbance in 340/380 nm is directly 

proportional to the inorganic phosphor concentration in the sample [143,144]. 

3.2.4.1 The Reaction Principle 

7 H3PO4 + 12 (Mo7O24) 
6- + 72 H+    7 H3PO4(MoO3)12 + 36 H2O 

3.2.5 Measuring Alkaline Phosphatase Levels 

The alkaline phosphate in human serum and plasma is detected and measured in 

quantity. The alkaline phosphate activity is determined by measuring the ratio of p-

nitrophenylphosphatase (pNPP) turning into p-nitrophenol (pNP) in the presence of 2-

methyl-1-propanole (AMP), zinc ions and magnesium which is a phosphate acceptor 

in pH 10,4. Depending on the pNP occurrence, the absorbance change rate is measured 

in 410/480 nm dichromatically and it is directly proportional with the ALP activity in 

the sample [145]. 

3.2.5.1 The Reaction Principle 

pNPP + AMP       pNP + AMP-PO4 

 

3.2.5.2 The Expected Values 

Table 2.4 Optimal values of ALP in serum 

Sample Type Group Reference Range 

Serum, plasma Adults 30-120 U/L 

 

3.3 Statistical Analysis 

Whether the quantitive data is in normal distribution is tested with the Wilk test. 

Student t test was used to compare the variables, which are in normal distribution, in 

two groups, and ANOVA tests were used to compare the same variables in three 

groups. Mann Whitney U test was used to compare the variables, which are not in 

normal distribution, in two groups and the Kruskal Wallis test was used to compare 

ALP 

+2Mg 
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them in three groups. The relations between the variables in normal distribution were 

tested using Pearson correlation coefficient, whereas the relations between the 

variables that are not in normal distribution were tested useing Spearman rank 

correlation coefficient. SPPS 22.0 programmer was used in the analysis. P<0,05 was 

taken to be significant. 
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CHAPTER IV 

 

RESULTS 

Table 4.1 The comparison of the quantitive variables between the groups 

 Hemophilia Control *P 

Number samples 40 40  

Age (years) 33 ± 11 33 ± 10 0,828 

BMI (kg/m2) 25,81 ± 5,33 26,43 ± 3,97 0,575 

*: p<0,05 is statistically significiant level 

 

80 patients participated to this study and the number of participants in the patients 

group is equal to those in the control group. It was observed that age, height, weight 

BMI and the general distribution of the parameters involved in the study were in 

normal distribution in patient and control groups. The 80% of the patients are 

Hemophilia A, whereas the 20% of them are Hemophilia B (Table 4.2). 

 

Table 4.2 Descriptive Statistic 

 N % 

Group Control 40 50,0% 

Hemophilia 40 50,0% 

Hemophilia 

subgroups 

Hemophilia A 32 80,0% 

Hemophilia B 8 20,0% 

Place work Indoor 43 57,3% 

outdoor 32 42,7% 
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Table 4.3 Factor levels of hemophilia patients 

 hemophilia Total 

Number samples 40 40 

Factor 1,22 ± 1,07 1,21 ± 1,06 

 

 

Table 4.4 The comparison of the quantitive variables between the groups 

 Hemophilia Control *P 

Number samples 40 40  

VitD (ng/mL) 21,86 ± 8,03 25,46 ± 6,09 0,027* 

Ca (mg/dL) 9,97 ± 0,38 10,20 ± 0,38 0,011* 

P (mg/dL) 3,45 ± 0,84 3,46 ± 0,46 0,961 

PTH (pg/mL) 44,47 ± 33,81 38,44 ± 16,60 0,314 

ALP (U/L) 115,85 ± 36,64 93,12 ± 22,86 0,001* 

*: p<0,05 is statistically significiant level 

 

Table 4.5 Vitamin D distribution in hemophilia patients 

 (Severe 

vitamin D 

deficiency) 

<10 ng/mL 

(Vitamin D 

deficiency) 

10-20 ng/mL 

(Vitamin D 

insufficiency) 

20-30 ng/mL 

Normal 

> 30 ng/mL 

Total 

ng/mL 

N 2 (% 5) 10 (% 25) 25 (% 62,5) 3(% 7,5) 40 

Age 

(Years) 

41 ± 4 36 ± 10 33 ± 11 19 ± 2 33 ± 11 

Vit.D 

(ng/mL) 

7,45 ± 3,13 14,9 ± 3,21 23,77 ± 2,84 38,91 ± 13,42 21,87 ± 8,04 
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Figure 4.1 Z score for vitamin D levels in hemophilia patients 

No significant difference regarding age, BMI, P and PTH was found between the 

control group and the group with hemophilia diagnosis when the quantitive variables 

were compared among groups (p>0.05), however significant differences were 

observed with regard to Vitamin D and Ca2+ levels (p<0.05). Both parameters 

increased in the control group more in comparison with the group with hemophilia 

(Table 4.7). Moreover, ALP levels were observed to have increased significantly in 

the group with hemophilia (p<0.001).  

Table 4.6 Vitamin D distribution in healthy control group 

 (Severe 

vitamin D 

deficiency) 

<10 ng/mL 

(Vitamin D 

deficiency) 

10-20 ng/mL 

(Vitamin D 

insufficiency) 

20-30 ng/mL 

Normal 

>30 ng/mL 

Total 

ng/mL 

N - 7 (% 17,5) 22 (% 55) 11 (% 27,5) 40 

Age 

(Years) 

- 34 ± 5 35 ± 9 30 ± 11 33 ± 9 

Vit.D 

(ng/mL) 

- 18,67 ± 0,52 22,6 ± 2,31 33,51 ± 4,76 25,46 ± 6,09 
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Table 4.7 The comparison of the quantitive variables between control and hemophilia 

A 

Factor Group N Mean P 

Age (Years) Control 40 33 ± 9 0,985 

hemophilia A 32 33 ± 11  

BMI (kg/m2) Control 35 26,43 ± 3,97 0,695 

hemophilia A 32 25,98 ± 5,40  

Vit.D (ng/mL) Control 40 25,46 ± 6,09 0,010* 

hemophilia A 32 21,74 ± 5,71  

Ca (mg/dL) Control 40 10,20 ± 0,38 0,086 

hemophilia A 32 10,05 ± 0,33  

P (mg/dL) Control 40 3,46 ± 0,46 0,509 

hemophilia A 32 3,38 ± 0,53  

PTH (pg/mL) Control 40 38,44 ± 16,60 0,916 

hemophilia A 32 38,02 ± 16,15  

ALP (U/L) Control 40 93,12 ± 22,86 0,006* 

hemophilia A 32 111,62 ± 32,16  

*: p<0,05 is statistically significiant level 

Table 4.8 The comparison of the quantitive variables between control and hemophilia 

B 

Factor Group N Mean P 

Age (Years) Control 40 33 ± 9 0,535 

hemophilia B 8 31 ± 10  

BMI (kg/m2) Control 35 26,43 ± 3,97 0,447 

hemophilia B 8 25,16 ± 5,36  

Vit.D (ng/mL) Control 40 25,46 ± 6,09 0,109 

hemophilia B 8 22,34 ± 14,66  

Ca (mg/dL) Control 40 10,20 ± 0,38 0,005* 

hemophilia B 8 9,67 ± 0,44  

P (mg/dL) Control 40 3,46 ± 0,46 0,648 

hemophilia B 8 3,73 ± 1,62  

PTH (pg/mL) Control 40 38,44 ± 16,60 0,146 

hemophilia B 8 70,27 ± 65,29  

ALP (U/L) Control 40 93,12 ± 22,86 0,016* 

hemophilia B 8 132,75 ± 49,91  

*: p<0,05 is statistically significiant level 
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As a result of the comparison between the factor groups and the control groups, the 

Vitamin D levels were observed to have decrease significantly in Hemophilia A 

patients (p= 0,010), whereas ALP increased significantly (p=0,006) (Table 4.8). 

As a result of the comparison between the control group and the group with 

Hemophilia B, it was observed that the Ca2+  levels have decreased significantly in the 

group with Hemophilia B (p=0,005*). Contrary to this, ALP levels have increased in 

the same group (p=0,016) (Table 4.9). When the parameters between the groups of 

Hemophilia A and B patients are compared, the Ca2+ levels were found high is 

Hemophilia A patients and the difference is statistically significant (p=0,012).  

Table 4.9 The comparison of the quantitive variables between hemophilia A and 

hemophilia B 

 Factor Group N Mean P 

Age (Years) hemophilia A 32 33 ± 11 0,636 

hemophilia B 8 31 ± 10  

BMI (kg/m2) hemophilia A 32 25,98 ± 5,40 0,800 

hemophilia B 8 25,16 ± 5,36  

Vit.D (ng/mL) hemophilia A 32 21,74 ± 5,71 0,853 

hemophilia B 8 22,34 ± 14,66  

Ca (mg/dL) hemophilia A 32 10,05 ± 0,33 0,012* 

hemophilia B 8 9,67 ± 0,44  

P (mg/dL) hemophilia A 32 3,38 ± 0,53 0,562 

hemophilia B 8 3,73 ± 1,62  

PTH (pg/mL) hemophilia A 32 38,02 ± 16,15 0,128 

hemophilia B 8 70,27 ± 65,29  

ALP (U/L) hemophilia A 32 111,62 ± 32,16 0,147 

hemophilia B 8 132,75 ± 49,91  

*: p<0,05 is statistically significiant level 

 

The relation between age, BMI, Vitamin D, P, PTH and ALP have been studied in the 

correlation analysis. 
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4.2 The Correlation Analysis of the Control Group 

When the control group was analyses based on age, it was determined that there is 

intermediate positive correlations between age and BMI and weak positive correlation 

between age and PTH. Moreover, a weak negative relation was found between age and 

P and ALP. When the relation between BMI and other parameters in this group was 

examined, it was seen that there was a positive intermediate correlation between age 

and BMI. Also, it was found that there is negative weak correlation between BMI and 

Vitamin D. Ca+ did not display any significant correlations with any parameter. When 

the correlation relations between the parameters P, ALP, PTH and other parameters, it 

was observed that P and ALP were in weak negative correlation with age among all 

the other parameters, and PTH was in positive correlation with only age, likewise.  

4.3 The Correlation Analysis of the Hemophilia Group 

In this group, an intermediate positive correlation was observed between BMI and age, 

whereas an intermediate negative correlation was found between Vitamin D and age. 

It was also seen that BMI is in intermediate negative correlation with Vitamin D. It 

was also reported that Vitamin D showed a weak negative relation with PTH, apart 

from age and BMI. Moreover, when the relation between Ca+ and other parameters 

were examined, it was found that it is in intermediate negative correlation with PTH 

only. Another parameter with which PTH displays a significant relation is parameter 

P; P and PTH are in positive correlation and there is a strong relation between them. 

Another parameter with which P shows a significant correlation is ALP, and these two 

parameters are in intermediate positive correlation. ALP and PTH were also observed 

to be in intermediate positive correlation. Lastly, there was no other parameter than P 

and PTH with which ALP was in a significant correlation observed.  

4.4 The Correlation Analysis of the Hemophilia A Group 

It was observed that there was an intermediate positive correlation between Vitamin 

D and age and a intermediate negative correlation between BMI and Vitamin D. 

Moreover, the relation between BMI and Vitamin D was revealed to be a negative 

weak correlation. Also, it was found that Vitamin D is in intermediate negative 

correlation with PTH. Another finding within this group is that Ca+, P and ALP 

displayed no significant correlation with any parameter. Lastly, PTH evaluated within 
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this group was seen to Show an intermediate negative correlation only with Vitamin 

D. 

4.5 The Correlation Analysis of the Hemophilia B Group 

In this group, a strong negative correlation between age and Vitamin D, and a very 

strong negative correlation with age and Ca+. The only parameter with which Vitamin 

D displays a significant relation is found to be age. Moreover, it was observed that 

there was a strong negative relation between BMI and P. It was also observed that Ca+ 

was in a very strong negative correlation with age and a strong negative correlation 

with PTH. Ca+ was found to be the only parameter with which PTH displays a 

significant correlation and these two were determined to be in strong negative 

correlation with each other. On the other hand, P was found to display a strong negative 

correlation with only BMI. Lastly, our findings showed that ALP displayed no 

significant correlation with any other parameter. 

 

Table: 4.10 Correlations of parameters in control group 

Factor Group Age BMI Vit.D Ca P PTH ALP 

Age (years) 1,000 0,463** -0,160 -0,236 -0,326* 0,340* -0,398* 

BMI (kg/m2) 0,463** 1,000 -0,382* -0,242 0,029 0,290 -0,247 

Vit.D (ng/mL) -0,160 -0,382* 1,000 0,219 0,239 -0,171 0,183 

Ca (mg/dL) -0,236 -0,242 0,219 1,000 -0,038 -0,146 0,275 

P (mg/dL) -0,326* 0,029 0,239 -0,038 1,000 -0,128 0,215 

PTH (pg/mL) 0,340* 0,290 -0,171 -0,146 -0,128 1,000 0,012 

ALP (U/L) -0,398* -0,247 0,183 0,275 0,215 0,012 1,000 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table: 4.11 Correlations of parameters in Hemophilia A group 

Factor Group Age BMI Vit.D Ca P PTH ALP 

Age (years) 1,000 0,487** -0,410* -0,345 -0,230 0,157 -0,107 

BMI (kg/m2) 0,487** 1,000 -0,371* -0,048 -0,167 0,095 -0,250 

Vit.D (ng/mL) -0,410* -0,371* 1,000 0,173 -0,070 -0,412* 0,114 

Ca (mg/dL) -0,345 -0,048 0,173 1,000 0,229 0,056 0,101 

P (mg/dL) -0,230 -0,167 -0,070 0,229 1,000 0,298 -0,051 

PTH (pg/mL) 0,157 0,095 -0,412* 0,056 0,298 1,000 -0,029 

ALP (U/L) -0,107 -0,250 0,114 0,101 -0,051 -0,029 1,000 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

Table: 4.12 Correlations of parameters in Hemophilia B group 

Factor Group Age BMI Vit.D Ca P PTH ALP 

Age (years) 1,000 0,310 -0,714* -0,922** 0,286 0,690 0,238 

BMI (kg/m2) 0,310 1,000 -0,667 -0,120 -0,762* 0,286 -0,262 

Vit.D (ng/mL) -0,714* -0,667 1,000 0,527 0,238 -0,524 -0,095 

Ca (mg/dL) -0,922** -0,120 0,527 1,000 -0,455 -0,778* -0,287 

P (mg/dL) 0,286 -0,762* 0,238 -0,455 1,000 0,286 0,333 

PTH (pg/mL) 0,690 0,286 -0,524 -0,778* 0,286 1,000 -0,095 

ALP (U/L) 0,238 -0,262 -0,095 -0,287 0,333 -0,095 1,000 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

Table: 4.13 Correlations of parameters in Hemophilia group 

Factor group Age BMI Vit.D Ca P PTH ALP 

Age (years) 1 0,548** -0,422** -0,288 0,021 0,224 -0,061 

BMI (kg/m2) 0,548** 1 -0,433** -0,007 -0,287 0,089 -0,194 

Vit.D (ng/mL) -0,422** -0,433** 1 0,244 -0,066 -0,367* 0,024 

Ca (mg/dL) -0,288 -0,007 0,244 1 -0,272 -0,481** -0,150 

P (mg/dL) 0,021 -0,287 -0,066 -0,272 1 0,644** 0,404** 

PTH (pg/mL) 0,224 0,089 -0,367* -0,481** 0,644** 1 0,480** 

ALP (U/L) -0,061 -0,194 0,024 -0,150 0,404** 0,480** 1 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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When the relation between Vitamin D levels and working conditions, it was observed 

that the number of participants whose workplace is outdoors was higher than the 

number of participants whose workplace is indoors and the difference between the two 

is significant (p=0.003) (Table 4.14).  

When the effect of whether their workplace was indoors or outdoors was examined 

with regard to Vitamin D levels, no significant difference between the participants of 

the control group was found, however it was also observed that among the participants 

of the group with hemophilia, those whose workplace is outdoors showed higher 

Vitamin D levels in a statistically meaningful amount compated to those whose 

workplace is indoors p=0.04) (Table 4.15). 

 

Table 4.14 The Comparison of workplace and vitamin D 

Place work N Mean P 

Vit.D Indoor 43 25,14 ± 7,90 0,003* 

outdoor 32 20,12 ± 5,50  

*: p<0,05 is statistically significiant level 

 

Table 4.15 The effect of working indoors or outdoors on the vitamin D levels 

Group Place work N Mean P 

Control Vit.D Indoor 21 25,82 ± 7,00 0,096 

outdoor 14 22,03 ± 4,76  

Hemophilia Vit.D Indoor 22 24,50 ± 8,79 0,004* 

outdoor 18 18,64 ± 5,71  

*: p<0,05 is statistically significiant level 
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CHAPTER V 

DISCUSSION AND CONCLUSION 

5.1. DISCUSSION 

Hemophilia is a genetic blood disorder, which is usually inherited. The gene is passed 

down from a parent to a child. Hemophilia happened when blood does not have enough 

clotting factor [1]. The most characteristic clinical manifestation of the hemophilias is 

bleeding into large joints of upper and lower extremities [4].  

Calcium plays a key role in a wide range of biologic functions. One of the most 

important functions as bound calcium is in skeletal mineralization [71]. Calcium 

absorption requires calcium-binding proteins and is regulated by vitamin D, sunlight, 

parathyroid hormone and thyrocalcitonin. The amount of calcium in the blood is 

tightly controlled by signaling pathways and molecules, including PTH and vitamin D 

[75]. PTH level increases in both bone building and osteoporosis. It regulates bone 

resorption to release calcium and compensate for the lack of calcium in the blood. 

Lining cells [109]. Calcium has a role in regulating the biological synthesis of PTH 

hormone. 

Phosphorus plays a role in numerous biologic processes, including energy metabolism 

and bone mineralization [102]. High phosphate levels in the blood also reduce the 

effectiveness of vitamin D3 therapy in patients with hyperthyroidism [106]. 

Biochemical findings in osteomalacia include low serum and urinary calcium, low 

serum phosphate, elevated serum ALP and elevated PTH. Hence, markedly high levels 

often associated with Paget's disease. Moderate increases occur in osteomalacia [89]. 

Vitamin D is to maintain a balanced level of calcium in the blood by promoting 

absorption in the intestines and maintain the level of calcium and phosphate in the 

bone [59]. Osteoporosis in hemophilic patients is a significant problem. The causes of 

osteoporosis in hemophilic patients are lack of adequate exercise, multiple hemorrhage 

and inflammation, and low vitamin D levels. Children with Haemophilia A have 
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reduced bone mineral density (BMD) and are at risk for developing osteoporosis and 

fractures later in life.  A total of 80 volunteers were enrolled in our study, including 40 

hemophiliacs and 40 healthy controls. Numbers of patient and control were determined 

by performing Power analysis before the study was started. Thirty-two of the 

hemophiliacs are Hemophilia A (80%) and eight of the hemophiliacs are Hemophilia 

B (20%) (Table: 4.2). In our region and globally number of hemophilia patients 

especially numbers of hemophilia B patients are very low, so there is an unbalanced 

distribution between Hemophilia A and B [14]. Only adult male patients and healthy 

controls were involved in this study. When the age and BMI values of the patient and 

healthy control group were examined, no statistically significant difference was found 

between groups (p> 0.05) (Table: 4.1). The parameters that we examined in this study 

are the factors that can be affected by age and BMI. Therefore, no statistically 

significant difference between the two groups indicates that the results are not affected 

by age or BMI [57]. 

Patients and healthy people who had not previously received Vitamin D 

supplementation and did not have hepatitis C or HIV were included in this study. In 

this respect, it was ensured that Vitamin D levels did not change depending on these 

conditions [149,150]. 

There are two types of hemophilia, both have the same symptoms. Hemophilia A is 

the most common form and is caused by having reduced levels of clotting FVIII. 

Hemophilia B, also known as Christmas Disease, is caused by having reduced levels 

of clotting FIX. The age and BMI of hemophilia A and hemophilia B patients were 

examined with each other and separately healthy control group and no statistically 

significant difference was found (p>0,05) (Table: 4.9). This shows that there is a 

balanced distribution among the groups and that the results are not affected by age and 

BMI [57]. 

Mean values and standard deviations for Ca, phosphorus, alkaline phosphatase and 

parathormone levels of hemophilia patients and healthy control group were calculated 

(Table: 4.4). When the results were examined, the mean values of both the patients 

and the healthy control group were within the reference ranges (Reference intervals; 

Ca: 8,8-10,6 mg/dL, phosphorus: 2,5-4,5 mg/dL, ALP: 30-120 U/L ve PTH: 12-88 

mg/dL) [151]. These results indicate that there is no pathological condition that causes 



 

41 

 

a significant change in Ca, P, ALP and PTH levels in the patient and healthy control 

group. And these results show that our results are not affected by any other diseases.  

The mean value of factor values of hemophilia patients was found 1.22 ± 1.07% 

(reference 60-150% catalytic activity). This result shows that laboratory findings are 

compatible with disease groups. [18-20]. 

When the Vitamin D distributions in the healthy control group were examined, 

Vitamin D deficiency was found in the majority of the control group (55%). According 

to the World Health Organization (WHO), over the world, one out of every three 

people, or one out of every two people have Vitamin D deficiency (Table: 4.6). So our 

findings support this expression [152]. 

When vitamin D distribution of the hemophilia group was examined, 5% of the 

patients had severe vitamin D deficiency, 25% had vitamin D deficiency, 62.5% had 

vitamin D insufficiency and 7.5% had normal vitamin D levels. A great majority of 

hemophiliacs (92.5%) had vitamin D levels lower than normal. These results indicate 

that hemophilia patients are suffering from Vitamin D deficiency. These findings 

conform with results of previous studies that are studies of Albayrak et al. in 

Hemophilia A children and Sanadhya et al. in hemophilia children [62,114]. 

Z scores were calculated in hemophilia patients (Figure: 4.1). When Table 1 was 

examined, it was shown that z scores of a majority (77.5%) of hemophiliac patients 

were in ± 1 SS. Z scores of 95% of the patients were in ± 2 SD. This result shows that 

the Vitamin D levels of patients are uniformly distributed. 

Vitamin D, Ca, P, PTH and ALP levels of patient and control groups were measured 

(Table: 4.4). There was a statistically significant increase (p <0,05) in ALP in patients 

as compared to controls. In contrast, statistically, significantly lower levels of calcium 

and vitamin D were detected among patients as compared to controls (p <0,05).  

There are 7 published studies on vitamin D levels in hemophiliacs. In the 5 of these 

studies Vitamin D levels were found to be significantly lower in the hemophilia 

patients than in the control group, and this is consistent with our results [62,146-148]. 

In contrast, in two of these studies, Vitamin D levels in hemophilia patients were not 

different from control group (Gallacher et al., Katsarou et al). Vitamin D levels can 

vary with age, BMI, season, ethnicity, living area, feeding habits, socioeconomic 
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status, and especially exposure to sunlight. In these two studies, Vitamin D levels could 

be found insignificant compared to the control group due to any of these factors. In 

order to minimize the effects of these situations in our work; all examples of the 

volunteers who participated in the study collected in a short period of 10 days in the 

autumn season and volunteers were selected from those living in the province of 

Gaziantep. Also, it was noted that all the individuals were citizens of Turkey. It was 

also noted that there was a balanced distribution of working places (open or closed 

area) of volunteers participating in the study (Table: 4.14). 

Vitamin D has a key role in calcium absorption. Because of this, Vitamin D levels 

directly affect calcium levels. In our study, the reason why the low levels of Ca levels 

in hemophilia patients compared to the control group is low levels of Vitamin D. 

Moreover, this result is consistent with many previous studies [115,116] 

In our study, ALP was found significantly higher in hemophilia group than control 

group (p<0,05). Costa et al. and Dhanwal et al. found that ALP levels were elevated 

in some disease groups which they had low Vitamin D levels in relation to vitamin D 

levels [154,155]. Our findings are consistent with these results. In addition, 

intraosseous hemorrhages are very common in hemophilia patients. This may have 

resulted in too much ALP release to the blood and elevated serum ALP levels [32].  

In our study, there was no difference in PTH and phosphorus between hemophilia and 

control (p> 0.05). However, Alioglu et al. found that parathormone levels decrease in 

hemophiliacs [116].  

Hemophilia A and hemophilia B patients were compared with each other and 

separately healthy control group (Table: 4.7, 4.8, 4.9). When hemophilia A compared 

with control group, Vitamin D was significantly lower in hemophilia A group but ALP 

was found significantly higher (p <0.05). These results also correspond to the results 

of Albayrak's study on children with Hemophilia A [114].  

When hemophilia B compared with control group, Ca was significantly lower in 

hemophilia group and ALP was found to be significantly higher (p <0.05). 

When Hemophilia A compared with and Hemophilia B, there was a significant 

difference only in Ca levels (p <0.05). Vitamin D levels were higher in hemophilia B 

group than hemophilia A, but there was no statistically significant difference (p> 0.05). 
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Hemophilia A patients show more hemorrhage due to genetic reasons, even though 

they have the same factor value as Hemophilia B patients [32]. For this reason, lower 

levels of Vitamin D were seen in patients with Hemophilia A. However, probably there 

was no significant difference because of the low number of Hemophilia B.  

Correlation analyses were made between the parameters in the control and hemophilia 

groups. In the control group, there were significant positive correlation between age 

and BMI (p <0,05, r: 0,463) and PTH (p <0,05, r: 0,340). However, there were 

significant inverse correlation between age and phosphorus (p<0,05, r:-0,326) and 

ALP (p <0,05, r: -0,398). There was also a statistically significant inverse correlation 

between vitamin D and BMI (p <0.05, r: -0.382). In other words, the more increase 

BMI, the more decrease in Vitamin D levels. As age increases, exercise and 

metabolism decrease. As a result, we can observe increases in weight and, 

consequently, BMI. An inverse correlation between BMI and Vitamin D was 

mentioned. With the increase in weight, the rate of people getting sunlight is 

decreasing. As the sunlight is the main source for vitamin D synthesis, there may have 

been reductions in Vitamin D levels.  

In the control group, there were significant inverse correlation between Vitamin D and 

age (p<0,05, r:-0,422), BMI (p<0,05, r:-0,433) and PTH (p <0,05, r: r:-0,367). 

However, there was no significant correlation between Vitamin D and calcium, 

phosphorus and ALP (p >0.05). In other words, the more decrease Vitamin D, the more 

increase in age, BMI and PTH levels. Vitamin D is expected to decline with age and 

BMI. Depending on age and weight gain, people are less exposed to sunlight. This 

leads to a decrease in the synthesis of vitamin D. However, Eldash and colleagues 

found no significant association between vitamin D and BMI in hemophiliacs (115). 

There are publications that examine the association of vitamin D with PTH, and our 

findings are consistent with the results in these publications. Eldash et al. and Jahnsen 

et al. found a negative correlation between vitamin D and PTH in hemophilia patients. 

In addition, Dhanwal et al. found a negative correlation between vitamin D and PTH 

in patients with hip fractures and also Costa et al. found a negative correlation between 

vitamin D and PTH in obese patients (115-155).  

Sunlight is the most influential factor for Vitamin D levels. For this reason, the study 

places of the patients and controls taken into the study were also examined (Table: 
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4.15). Vitamin D levels were higher in open-field workers in both control and 

hemophilia groups. However, this increase was not significant in the control group (p> 

0.05). Vitamin D levels in the open field workers were significantly higher in the 

hemophilia group (p <0.05). These results show us the effects of exposure to sunlight 

on Vitamin D. It also shows that sunlight is the main source for Vitamin D. 

5.2 Conclusion 

The present study includes evaluation of different factors affecting bone metabolism 

in people with hemophilia including the following: vitamin D, calcium, phosphorous, 

Alkaline Phosphatase, and parathormone levels and comparing them with healthy 

people. 

In conclusion, the issue of vitamin D deficiency in hemophilic people should be 

revisited. The high percentage (96%) of vitamin D deficiency in patients with 

hemophilia compared with healthy people and It was vitamin D levels in patients with 

hemophilia were very low. This decrease leads to osteoporosis and Arthropathic 

disease. 

Plasma Vitamin D levels should be measured twice a year. In case of deficiency 

Vitamin D should be supplemented. Vitamin D deficiency is a problem that always 

escapes the attention of doctors. This affects the lifestyles of the patients. Therefore, 

vitamin D deficiency must continue to be investigated in the decades to come. 

Programs should be developed to prevent patients spending their lives with vitamin D 

deficiency. Vitamin D and calcium supplementation may be a cheap and relatively safe 

early intervention for people with hemophilia to prevent bone loss and low peak bone 

mass. Maintenance dosage of vitamin D supplementation may be >1000 U per day. 

Hemophilia care providers should promote adequate bone formation during childhood 

and reduce bone loss during adulthood as well as identify patients with low BMD that 

would benefit from therapy. 

In the next studies researcher will study effect of Vitamin D on BMD in children with 

hemophilia. Children with hemophilia who have Vitamin D deficiency can be 

examined for the protective effect of Vitamin D on BMD by measuring BMD before 

and after treatment with Vitamin D supplementation. 
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