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Abstract 

Background: Hereditary hematologic disorders (HHDs) originate from genetic factors that 

cause disruptions of blood homeostasis. The Thalassemia Unit, Najaf province, Iraq, keeps all 

medical records of all patients with HHD from the Najaf province. 

Objectives: We aimed to conduct an epidemiological study to obtain a comprehensive 

epidemiological picture with regard to sex distribution, and effects of blood groups and 

consanguinity. 

Patients and methods: All registered HHD patients (until May 2019) in the Thalassemia Unit 

(1122 patients, aged 0.5-65 years old) were included in the study.  

Results: The prevalence of HHD in Najaf city is 75.6 per 100,000 population. The number of 

patients registered as new patients is increasing over the years. There are significantly more 

male than female HHD patients (Male=54.37%, Female=45.63%, p=0.023). The top 3 

prevalent HHD are Major thalassemia (33.15%),  intermediate thalassemia (31.91%), and 

Thalassemia+Sickle (12.65%). The highest percentage of patients were in the center of Najaf 

(56.42%) followed by Kufa, Mishkhab, Haidariah, Manathera, and Abbasiya. The distribution 

of blood groups and Rh factors of HHD patients in the Najaf population was not significantly 

different from that in the normal population. The consanguinity rate observed in our patients' 

parents (78.24%) was significantly higher (p<0.0001) as compared with the consanguinity rate 

in the population (45.8%).  

Conclusions: During the last few years, there was an increase in HHD cases in Najaf city and, 

therefore, there is an urgent need to increase awareness about the effects of consanguinity 

marriages on HHD in order to limit the incidence of HHD. 
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Introduction 

 Hereditary hematologic disorders (HHD) refer to the medical conditions that affect the 

blood (or its components) to work properly. HHD may result from disorders in the bone 

marrow and the fatty area inside the bones that produces new red blood cells, white blood cells, 

and platelets (1). Thalassemia is one of the genetic HHD and is one of the most widespread 

genetic diseases in the world with a particularly high frequency in tropical and sub-tropical 

areas such as Mediterranean countries, the Indian subcontinent, the Middle East, North Africa 

and Southeast Asia (2). Thalassemia defined as a varied group of inherited disorders, occurs 

due to genetic mutations disturbing the globin chain of the hemoglobin (Hb) tetramer (3). The 

primary defect is usually quantitative, consisting of a reduced or absent synthesis of normal 

globin chains (4). Based on genetic factors, thalassemia can be classified into α, β, γ, δ, δβ, and 

εγ δβ forms depending on which globin is under-produced and based on clinical features, 

thalassemia is classified into β-thalassemia major (β-TM), β-thalassemia intermedia (β-TI) and 

β-thalassemia minor (5). The majority of the fetus with α-thalassemia will die in utero or 

shortly after birth, while patients with β-thalassemia will die before 5 years of age if not treated 

with regular transfusions, iron chelation therapy or hematopoietic stem cell transplantation (6). 

 Beta-thalassemia is an autosomal recessive disorder that affects the β-globin gene of 

the hemoglobin with considerable predominance among other types of thalassemia. Most of 

the patients with β-thal suffer severe anemia and grave complications including liver damage, 

cardiac disease and endocrine dysfunction (7). Moreover, patients with major thalassemia 

impose a considerable burden on their families and health authorities. The number of people 

worldwide who have abnormal hemoglobin and thalassemia is estimated to be 270 million, 80 

of which are carriers of β-thalassemia. Modern reviews indicate that among 300,000 and 
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400,000 babies are born with a serious hemoglobin disorder each year (23,000 with β-

thalassemia major) and that up to 90% of these births occur in low- or middle-income countries 

(8). Studies have suggested that poverty, consanguinity, and unawareness about the disease are 

the prominent factors in increasing the prevalence of this genetic disorder (9). Conservative 

estimates suggest that at least 5.2% of the world’s population (over 360 million) carry a 

significant hemoglobin variant and there are more than 100 million β-thalassemia carriers, with 

a global prevalence of 1.5% (10, 11). 

 Sickle cell anemia is a genetic red blood cell disorder which is a result of a mutation in 

the hemoglobin encoding gene namely the substitution of Valine into Glutamine at the sixth 

position of the beta chain of hemoglobin (12). In Africa, Asia, and the Middle East, Sickle cell 

anemia is widely distributed (12). The global meta-estimate for the birth prevalence of 

homozygous sickle cell disease was 0.112%, while in Africa birth prevalence up to 1.125% 

compared with Europe 0.043% (13). The experience of the disease is unique for individuals 

with double recessive genes of sickle cell (ss homozygote), in contrast, people with 

heterozygotes (AS) are referred to as carriers which are asymptomatic and generally not aware 

of the diseased gene, they carry (12). 

Bone marrow failure (BMF) is the discontinuation or reduction in the production of blood cells 

affecting one or more cell lines. A reduction in the numbers of circulating red blood cells 

(RBCs), white blood cells (WBCs), and platelets are manifestations in most BMF cases, 

particularly in severe or advanced stages (14). BMF is most often inherited in an autosomal 

recessive manner while also a small subset is inherited in an X-linked recessive pattern (15). 

There are triphasic peaks for BMF at 2 to 5 years (inherited is most common), between 20 to 

25 years, and after 65 years (most likely due to acquired causes). The majority of children with 
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inherited bone marrow failures have an identifiable cause (75%) (15). The most common 

inherited bone marrow failure, namely Fanconi anemia, occurs in 1 to 5 cases per million with 

a carrier frequency of 1 in 200 to 300 (16). Nevertheless, there are insufficient epidemiological 

data on the sex and age distribution, and consanguinity issues associated with thalassemia in 

the Najaf province of Iraq. Hence, the present study aimed to conduct an epidemiological study 

to examine these factors in all patients with genetic HHD in Najaf province-Iraq.   

 

Participants and Methods 

Participants  

 In the current study, 1122 patients with HHD have been included, all data of the 

participants were recorded after taken their approval or consent from their parents. There is a 

sex difference among participants in this study with 512 females and 610 males. The patient’s 

data were collected from the thalassemia center in the Al-Zahraa hospital in the Najaf province, 

most of the patients were within the same city namely Najaf province, the rest of them from 

other districts of Najaf and few of them from other cities. A wide range of ages (less than 1 

year- 65 years) was recorded in those patients. All other required data have been taken from 

patients directly or transferred from the records of the patients in the center. The data were 

collected between the date 10/2019-03/2020. 

 

Statistical analysis 

Descriptive statistics (mean ± standard deviation), frequencies or ratios were used to 

evaluate the characteristics of the patients. The student t-test was used to compare the results 
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of the subjects. A Chi-square test (goodness of fit test) was used to examine whether the 

distribution of patients into a nominal variable follows the known distribution. Statistical tests 

were 2-tailed and a p-value of 0.05 was used for statistical significance. All statistical analyses 

were performed using IBM SPSS windows version 25, 2017.  

 

Results 

1-Overall Hematologic Disorders in Najaf Province 

 Table 1 shows the types and distribution of the HHD in Najaf province. Most of the 

patients are affected with major thalassemia and intermediate thalassemia among other HHD, 

fewer patients suffered from thalassemia+sickle and less were affected with sickle cell anemia, 

whereas others have other types of HHD. Most of the patients with major thalassemia are living 

within the center of Najaf then in Kufa city center.  

2- Gender distribution of patients with HHD in Najaf province  

 Table 2 shows the gender differences in patients with HHD. There is a significant 

difference (p<0.001) among males and females in the rate of unknown bleeding tendency. The 

sex distribution of men and women with HHD was significantly different from the known sex 

distribution of the population (male to female ratio 1.04:1) in Najaf city. The latter data were 

obtained from the results of the Iraqi Central Statistical Organization census held in 2018 that 

showed a male sex ratio of 50.98% versus 49.02% (17). 

 3- The distributions of the blood groups of patients with HHD in Najaf province. 

 In Table 3, most of the patients with HHD belong to the positive groups of blood, and 

the O blood group followed by A, B, and AB. The data in HHD patients were compared with 
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the know blood group and Rh factor distribution in Najaf Community (18) and altered by a 

systemic survey carried out by (19). Those results were: A=31.61%, B=24.08%, O=37.78%, 

AB=6.54, Rh(+)=91.06%, and Rh(-)=8.93%. We found no statistically significant differences 

either in the distribution of the blood groups (χ2=0.038, p=0.998) or Rh groups (χ2=1.819, 

p=0.177) as compared with the normal population distribution 

 

4- Age distribution of the patients with HHD   

 The age distribution of major HHDs was plotted for each disease as frequency figures. 

The overall age distribution of all patients with HHD in addition to the major individual 

diseases is shown in Table 4. The results indicated that the majority of the patients were aged 

5 and 10 years also many cases with HHD were concentrated below 20 years old.  The table 

illustrates the frequency of the β-TM across the age of the patients, as the table displayed the 

majority of the patients were aged 5 followed by 10 and 15 years old and only a few cases 

distributed around the other age ranges. The distribution of patients with BMF showed that 

most BMF cases were in early their life (below 5 years) followed with fewer cases at age 10 

years old. The same distribution was found in intermediate thalassemia patients where the 

majority of cases were found in childhood (less than 10 years old). The majority of sickle 

thalassemia patients were less than 5 years old.  Most cases are detected in the first decade of 

life, and rarely in adults and elderly people. While the older age distribution noticed were in 

sickle cell anemia where most of the patients were below 20 years, and few cases are above 20 

years old. 

5- Number of patients over the years 
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       The number of new HHD cases registered in the Thalassemia Unit in Najaf city are plotted 

in Figure 1 at intervals of three years each. The results showed an increase in the number of 

new cases with time and a peak in the last three years. 

  6-Distribution of Consanguinity among HHD patient’s parents 

     The consanguinity rates of the parents of patients with major HHD are plotted in Figure 2. 

The ratio is high (78.24%) among parents of HHD patients. For comparison with consanguinity 

rates among the whole Iraqi population, we used the WHO report which showed that the range 

of consanguinity (cousin marriage) is 31.8%-45.8% with median=37.8% (20). The 

consanguinity rate observed in our patients' parents was significantly increased  (χ2=122.979, 

p<0.0001) as compared with the consanguinity in the population (based on the median 37.8% 

value). We have no official report about the consanguinity rate in Najaf city and therefore we 

also used the upper 45.8% rate reported by the WHO and found a significant increase 

(χ2=261.5, p<0.0001) in our patients' parent’s consanguinity rate.  

Discussion 

  HHD occurs all over the world, particularly in some geographical areas there is a high 

prevalence of these disorders. Here, we studied the prevalence of HHD in Najaf city, which 

has a center for recording and treatment of HHD patients due to the importance of such public 

health problems in several parts of Iraq. Taking into account the number of patients and the 

whole population, the prevalence of HHD in Najaf city is 75.6 per 100,000 people. The total 

annual incidence of symptomatic HHDs is estimated to be 1/100,000 worldwide and 

10/100,000 in the European Union (21). The thalassemia major and intermediate subtypes are 

the most prevalent HHDs in Najaf city. Major thalassemia, intermediate thalassemia, and 
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thlassemia+Sickle disease comprise 77.71% of all HHD cases. β-thalassemia is the most 

frequent disease, followed by intermediate thalassemia and thalassemia with the sickle, 

whereas other types of HHD have a lower prevalence in Najaf province.  In other studies, sex 

differences in hemoglobinopathies have been detected, where β-thalassemia heterozygous 

(trait) was the most frequently encountered hemoglobinopathy (17.64%) and β-thalassemia 

homozygous (major and intermediate) was 2.92% (22).  

 

Thalassemia occurs in approximately 44 of every 100,000 live births worldwide (23). 

Thalassemia is also prevalent in other countries among other types of HHD (2, 22).  Globally 

the inherited β-thalassemias are the most frequent single-gene disorders (10) and the most 

common chronic hemolytic anemia among children and adolescents worldwide (24). Also in 

areas with malaria like Africa, Mediterranean countries, the Middle East, the Indian 

subcontinent, and Southeast Asia, β-Thalassemia is most prevalent (25). Among types of 

thalassemia, there is a huge diversity all over different countries, for example in UAE (3% α-

thalassemia and 2.40% β-thalassemia) (26), Qatar (28% α thalassemia and 17% β-thalassemia) 

(27), and Jordan (3.3% α-thalassemia and 3.5% β-thalassemia) (28). 

We did not observe significant differences in sex distribution (in comparison with the 

sex distribution of the Najaf population) in the major HHD. Our results show that there was no 

significant difference among males and females in β-thalassemia, intermediate thalassemia, 

thalassemia+Sickle, minor thalassemia, and hemophilia. Other studies showed also no 

significant difference in sex ratios between controls and HHD (29). In an important study, 

thalassemia affected males and females equally and occurs in approximately 44/100,000 live 

births (23, 30). A non-statistically significant difference was observed between male (53.5%) 
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and female (46.5%) thalassemia patients (31). Nevertheless, other studies reported significant 

sex differences in the prevalence of the disease. For example, studies conducted in India 

displayed a slight male predominance (53.2%) with a male to female ratio of 1.14:1 (32) and 

there were also more males than females in bleeding tendency (n=15, p=0.049), unexplained 

anemia (n=11, p<0.001), hemophilia (n=6, p<0.001), and immune hemolysis (n=2, p=0.024). 

Monhal et al (2012) (22) and Khan et al. found that hemoglobinopathies are more prevalent 

among males than females (33). Furthermore, Nasab (1979) reported an excess of males among 

140 β-thal patients in the same geographic area (34) and suggested that this excess might be 

due to more concern of villagers about the health of their male offspring (31). The same excess 

of males over females was reported in Bangladesh reporting a male to female ratio of 1.26 

(35). In the current study, there was no significant difference among males and females in the 

prevalence of bone marrow failure (BMF) and unexplained anemia while previous studies 

showed a male preponderance in patients with BMF and unexplained anemia (36, 37). 

We observed that blood groups and Rh factor’s distributions were not statistically different 

between HHD patients and the Najaf population. The overall age distribution of HHD patients 

in Najaf province showed that the highest prevalence of HHDs lies between 5 to 10 years old. 

Furthermore, the cumulative sum indicated that most patients were below 20 years old. All 

cases of HHD reported in this study started at an early age, as was expected  (2). Our results 

were similar to many previous studies, whereas investigation regarding the Beta thalassemia 

found that the mean age of patients was 7.68±5.8 years. About one-third (33%) of the cases 

were in the age group 7–10 years, followed by the age group 3–6 years. This result is in 

agreement with Bejaoui and Guirat reporting a median age of 10.7 years among thalassemic 

patients in Tunisia (35, 38). In contrast to these results, in 2016, lower mean age of 3.7 years 
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was reported in a similar study carried out in India. The best outcome of thalassemia was 

among those patients 1.7 years old or younger at the time of diagnosis and those patients 2 

years old or younger at first blood transfusion (39). Other disorders also showed the major part 

of patients' age lies below 5 years old including bone marrow failure, intermediate thalassemia, 

and sickle-thalassemia. While the highest number of sickle cell anemia patients are lies 

between 5-15 years old. These results revealed a difference in the age of appearance of the 

severer symptoms depending on the type of disease.  

              The results showed an increase in the number of new HHD cases registered in the 

Thalassemia Unit in Najaf city during the last three years of the study, namely 2015-2018. 

There is only a slight decrease in the new case registration between 2012-2015 which is 

involved in the peak of terrorism operations in all the Iraqi areas. Whether this is the reason or 

not needs to be investigated.  

Most importantly, our results show a highly increased frequency of close family members' 

marriages, most often cousins, in patients with HHD (78.24%) as compared with the expected 

consanguinity rate of 45.8%. One study, conducted in Tunisia, reported a consanguinity rate 

of 75.3% among the patients’ parents (38). Another study reported that 40.6% of β-thal patients 

occurred in the offspring of first-cousin marriages (31). Positive parent consanguinity was 

found in around two-thirds of the studied cases (74.2%). This is important as most of them 

(64.2%) are first-degree relatives while thalassemia is transmitted in an autosomal recessive 

manner and a high consanguinity rate is a distinguishing feature of the disease (32). In 2010, 

the hemoglobinopathies patients in the thalassemia center in the Al-Muthana population, 

96.66% were offspring from consanguinity marriages (40) and in Thi-Qar this was 67.5% (41). 
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After six years, about 77.56% of the β-thalassemia patients were offspring of consanguinity 

marriage from the first-degree cousins (42). 

 Among Iraqis, the frequency of consanguineous marriages was higher among parents 

of children with congenital malformations compared to the general population (43, 44). In our 

hospital, 70.2% of children with an adverse fetal outcome were offspring of consanguinity 

marriages (45). Recently, it is found that the incidence of congenital abnormalities was 23.2% 

in newborns from consanguineous parents versus 7.1% in non-consanguineous parents (46). 

In another study, 70.13% of mothers of babies delivered with congenital anomalies had a 

history of consanguinity (47). The consanguinity was found in 76.95% of the families studied 

inherited bleeding disorders in Iraq (48). 

Thalassemia is highly concentrated in small towns where the consanguinity between 

relatives is more predominant and marrying close family members is a tradition in many 

countries including Iraq, leading to higher rates of genetic disorders (49). The latter 

investigation also reported that the frequency of genetic disorders among such children is 

around twice that in children of non-related parents (50, 51). One billion people worldwide 

live in countries where marriage among relatives is common. Of this billion, one in three is 

married to a second cousin or closer relative or is the progeny of such a marriage (50, 51). In 

Iraq, the consanguinity is still widely spread and predominant (52) and some areas showed 

consanguinity in around 60% of all marriages  (53). A WHO report showed that the range of 

consanguinity (cousin marriage) is 31.8-45.8% with a median =37.8% (20). For example, the 

consanguinity marriages distribution of two provinces in the middle Euphrates area 

(surrounding Najaf province) was 43.5% in Al-Qadisisya province and 56.4%  in Babylon 

province (54). In Kirkuk, north of Iraq, the percentage of consanguinity marriage among the 
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parents of the HHD patients was 89-92.7% including 43-44.7% for first-cousin marriage origin 

(55). Unrelated couples show a lower incidence of the disease than consanguineous marriages 

(33). As such, the increased incidence of thalassemias may be attributed to an increased rate 

of consanguineous marriages (38). Therefore, it is important to avoid consanguineous 

marriages to limit the incidence of thalassemia disease (56).  

  

Conclusion 

 This study shows the frequency of HHD in Najaf province, Iraq. The first finding of 

this study is that thalassemia is the more common disorder in this area with β-thal showing the 

highest ratio. The second major finding is that the increased cases for HHD are due to the high 

rate of the consanguinity marriage and it is important to avoid this tradition not only in Iraq 

only but also worldwide.  
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Legends: 

Table 1: Overall Hematologic Disorders in the major areas in Najaf province  

Table 2: Gender distribution of HHD patients in Najaf province. 

Table 3: Blood group distribution of HHD patients in Najaf province. 

Table 4: The age distribution of all HHD patients in addition to major subgroups in Najaf 

province. 

Figure 1: The total number of patients registered in the Thalassemia Unit-Najaf over 

the years from 2003 till the end of 2018. 

Figure 2: Consanguinity among patients with HHD in Najaf Province 
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Table 1: Overall Hematologic Disorders in the major areas in Najaf province  

HHD 
Najaf 

Center 
Kufa Mishkhab Manathera Abbasiya Haidariah 

Other 

cities 
Total 

% of total 

disorders 

Major thalassemia 207 55 58 20 23 6 3 372 33.15 

Intermediate 

thalassemia 
203 46 44 25 17 15 8 358 31.91 

Thalassemia+Sickle 76 19 22 8 8 7 2 142 12.65 

Sickle cell anemia 63 14 7 3 5 7 2 101 9 

Bone marrow failure 27 8 7 4 3 2 0 51 4.55 

Minor thalassemia 21 3 4 5 4 2 0 39 3.48 

Unknown bleeding 

tendency 
9 4 2 2 0 1 0 18 1.52 

Unexplained Anemia 8 3 2 2 1 0 1 17 0.71 

Sideroblastic anemia 8 0 0 0 0 0 0 8 0.62 

Haemophelia 5 1 1 0 0 0 0 7 0.27 

Immune hemolysis 3 0 0 0 0 0 0 3 0.18 

VWR 2 0 0 0 0 0 0 2 0.09 

Factor 8 Deficiency 0 0 1 0 0 0 0 1 0.09 

Severe G6PD 1 0 0 0 0 0 0 1 0.09 

Myelodysplastic 

syndrome 
0 1 0 0 0 0 0 1 0.09 

Major thalassemia 

+G6PD 
0 0 0 0 0 1 0 1 1.6 

Total 633 154 148 69 61 41 16 1122 100% 

% (according to 

area) 
56.42 13.73 13.19 6.15 5.44 3.65 1.43 100%  
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Table 2: Gender distribution of HHD patients in Najaf Province. 

HHD 
Male Female 

Total χ2 p-value 
Number % Number % 

Major thalassemia 200 53.76 172 46.24 372 0.155 0.694 

Intermediate thalassemia 192 53.63 166 46.37 358 0.141 0.708 

Thalassemia+Sickle 76 53.52 66 46.48 142 0.129 0.719 

Sickle cell anemia 50 49.5 51 50.5 101 0.044 0.834 

Bone marrow failure 30 58.82 21 41.18 51 1.241 0.265 

Minor thalassemia 22 56.41 17 43.59 39 0.593 0.441 

Unknown bleeding tendency 15 64.71 3 35.29 18 3.865 0.049 

Unexplained Anemia 11 83.33 6 16.67 17 23.723 <0.001 

Haemophelia 6 85.71 1 14.29 7 27.876 <0.001 

Sideroblastic anemia 4 50 4 50 8 0 1 

Immune hemolysis 2 66.67 1 33.33 3 5.082 0.024 

VWR 1 50 1 50 2 NA NA 

Factor 8 Deficiency 0 0 1 100 1 NA NA 

Severe G6PD 0 0 1 100 1 NA NA 

Myelodysplastic syndrome 0 0 1 100 1 NA NA 

Major thalassemia +G6PD 1 100 0 0 1 NA NA 

Total 610 54.37 512 45.63 1122 8.706 0.003 
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Table 3: Blood group distribution of HHD patients in Najaf  province. 

HHD 

 

 

A AB B O Total 

 

 
+Ve -Ve +Ve -Ve +Ve -Ve +Ve -Ve 

Major thalassemia 110 12 27 1 85 9 113 15 372 

Intermediate thalassemia 112 6 22 3 68 3 136 8 358 

Thalassemia+Sickle 42 3 9 1 35 3 45 4 142 

Sickle cell anemia 26 2 5 0 24 3 39 2 101 

Bone marrow failure 11 1 3 0 12 2 22 0 51 

Minor thalassemia 9 0 0 0 10 0 18 2 39 

Unexplained Anemia 3 1 0 0 6 0 8 0 18 

Sideroblastic anemia 2 1 0 0 1 1 2 1 8 

Hemophilia 4 0 0 0 1 0 2 0 7 

Immune hemolysis 0 0 1 0 1 0 0 1 3 

Unknown bleeding tendency 6 2 1 0 5 0 4 0 18 

Total 219 134 68 5 248 21 389 33 1117 

Percentage % 29.10 2.51 6.09 0.45 22.20 1.87 34.83 2.95 100 
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Table 4: The age distribution of all HHD patients in addition to major subgroups in Najaf 

province. 

Blood Disorders / Age yr. 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 >40 

All HHD patients 512 266 132 72 37 21 21 24 37 

Major thalassemia 208 87 36 19 6 2 7 3 4 

Intermediate thalassemia 148 84 41 25 13 9 9 10 19 

Thalassemia+Sickle 72 28 12 10 5 4 3 2 6 

Sickle cell anemia 29 29 24 6 7 1 1 2 2 

Bone marrow failure 24 13 6 4 0 2 0 0 2 
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Figure 1: The total number of patients registered in the Thalassemia Unit-Najaf over 

the years from 2003 till the end of 2018. 
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Figure 2: Consanguinity among patients with HHD in Najaf Province 
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