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ABSTRACT 
Background: Haemoglobinopathy is a large heterogeneous group of genetic abnormalities of haemoglobin. 
It is one of the most common inherited diseases worldwide. 
Aim of this study: This study aimed to find the frequency of different types of Haemoglobinopathies in 
premarital couples in Nineveh province. 
Subjects and Methods: In this cross-sectional study, the subjects were couples who go to the primary 
health care centers in Nineveh governorate for routine premarital investigations and the data were collected 
from the main premarital screening centers in Nineveh governorate. 
Results: In this study, 1127 cases were included. 613 (54.4 %) were male, their ages range between (13-80 
years), and 514 (45.6 %) were female, their ages range between (10-52 years). 47 cases were diagnosed as 
βeta-thalassaemia carriers with an overall frequency of 4.2 %. Ten cases had haemoglobin S (HbS) by the 
High Performance Liquid Chromatography (HPLC) (sickle cell trait in 9 cases and sickle β-thalassaemia in 
only one case); the overall frequency of sickle cell carrier state is 0.89 %. Eight cases with an overall 
frequency of 0.71 % were diagnosed as having other types of Haemoglobinopathies (haemoglobin D, 
haemoglobin E, haemoglobin H). Eighty one cases were diagnosed as having iron deficiency with an overall 
frequency of 7.2 %. By using the Hardy –Weinberg equation; we found the expected number of children born 
with homozygous βeta-thalassaemia would be (0.3/1000 from those born) and homozygous sickle cell 
disease would be (0.01/1000 from those born). 
Conclusions: β-thalassaemia trait represented the most frequent Haemoglobinopathy in the region, Iron 
deficiency was significantly higher in females than in males, HPLC is a good technique for routine use and 
the expected number of children born with homozygous β-thalassaemia, sickle cell and others (HbD, HbE, 
HbH) were (0.3/1000, 0.01/1000 and 0.0085/1000 from those born) respectively. 
 
Keywords: Haemoglobinopathy , Nineveh , frequency . 
 
 

 محافظة يف الزواج قبل ما فحص يف الدم خضاب اعتلالات تىاتز

 نىيين

 
 *الذاحن ٌبيس ،** شوْلتك الباسظ ػبذ هٌٔ ،* يًْس ػذًاى بسوت

 ، الطب كليت ، الاهزاض ػلن فزع** ، دائزة صذت ًيٌْٓ ، الخؼليوي الأثيز ابي هسخشفٔ*

 الؼزاق ، الوْصل  ، الوْصل جاهؼت

 

 الخلاصة

غيز هخجاًست هي الخشُْاث الجيٌيت للِيوْغلْبيي. إًَ أدذ أکثز الأهزاض اػخلال الِيوْغلْبيي ُْ هجوْػت کبيزة  الخلفية:

 .الْراثيت شيْػًا فی جويغ أًذاء الؼالن

حِذف ُذٍ الذراست إلٔ هؼزفت هذٓ اًخشار أًْاع هخخلفت هي اػخلالاث الِيوْغلْبيي لذٓ الأسّاج قبل  الهدف من هذه الدراسة:

 .الشّاج فی هذافظت ًيٌْٓ

فی ُذٍ الذراست الوقطؼيت ، کاى الوفذْصْى أسّاجًا يذُبْى إلٔ هزاکش الزػايت الصذيت الأّليت فی  طزق:المىضىعات وال

هذافظت ًيٌْٓ لإجزاء فذْصاث رّحيٌيت قبل الشّاج ، ّحن جوغ البياًاث هي هزاکش فذص ها قبل الشّاج الزئيسيت فی هذافظت 

 .ًيٌْٓ
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 425سٌت( ، ّ  08-26٪( هي الذکْر ، حخزاّح أػوارُن بيي )45.5) 326لت. دا 2211فی ُذٍ الذراست ، حن حضويي  النتائج:

دالت ػلٔ أًِا داهلاث للبيخا ثلاسيويا بوؼذل اًخشار  51حن حشخيص (. سٌت 41-28٪( هي الإًاد ، ّحخزاّح أػوارُن بيي )54.3)

سوت ) (HPLC) زافيا السائلت ػاليت الأداءبْاسطت الکزّهاحْج S (HbS) ٪. ػشز دالاث کاى بِا الِيوْغلْبيي5.1إجوالی قذرٍ 

دالاث ّالوزض الوٌجل / الثلاسيويا فی دالت ّادذة فقظ( ؛ هؼذل الاًخشار الإجوالی لذالت داهل الخلايا  9الخليت الوٌجليت فی 

اػخلالاث ٪ ػلٔ أًِا هصابت بأًْاع أخزٓ هي  8.12٪. حن حشخيص ثواًی دالاث هغ اًخشار إجوالی بٌسبت 8.09الوٌجليت ُْ 

حن حشخيص إدذٓ ّثواًْى دالت ػلٔ أًِا هصابت بٌقص  .(H ، الِيوْغلْبيي E ، الِيوْغلْبيي D الِيوْغلْبيي )الِيوْغلْبيي

٪. باسخخذام هؼادلت ُاردی ّيٌبزؽ ؛ ّجذًا أى الؼذد الوخْقغ للأطفال الوْلْديي بالثلاسيويت 1.1الذذيذ هغ اًخشار إجوالی قذرٍ 

هي  2888/  8.82هي الوْلْديي( ّهزض الخلايا الوٌجليت هخواثلت اللْاقخ سيکْى ) 2888/  8.6خ سيکْى )الوخواثلت اللْاق

 (.الوْلْديي

صفت الثلاسيويا بيخا حوثل اػخلال الِيوْغلْبيي الأکثز اًخشاراً فی الوٌطقت ، ّکاى ًقص الذذيذ أػلٔ بشکل هلذْظ  الاستنتاجات:

حقٌيت جيذة للاسخخذام الزّحيٌی ّالؼذد الوخْقغ للأطفال الوْلْديي بالثلاسيويا بيخا  HPLC ّيؼخبزفی الإًاد هٌَ ػٌذ الذکْر ، 

/  8.8804ّ  2888/  8.82،  2888/  8.6کاًج ) (HbD  ،HbE  ،HbH) هخواثلت اللْاقخ ّالخلايا الوٌجليت ّ ّالبؼط الآخز

 .هي الوْاليذ( ػلٔ الخْالی 2888

 

 . ، حْاحز ٌْٓيً،  ييوْغلْبيلال الِاػخ الكلمات المفتاحية :

 
INTRODUCTION 

aemoglobinopathy is a large heterogeneous 
group of genetic abnormalities of 

haemoglobin. It is one of the most common 
inherited diseases worldwide.

1 

About 7% of the populations worldwide are 
carriers for trait genes of haemoglobin disorders, 
especially sickle cell disease and thalassaemia. 
This is according to the World Health 
Organization.

2
  

Approximately 300 000–400 000 infants are 
identified every year to have Haemoglobinopathy, 
as indicated by global evaluations.

3
 In the Arab 

countries, inherited blood diseases, specifically 
"thalassaemia and sickle cell disease" are very 
frequent and the affected children in these 
countries are in a big torture.

4
 The extent of the 

problem can be attributed to two main points. The 
consanguineous marriage and the preference of 
having a large family size, so the number of 
affected children could be increased.

5
  

“Haemoglobinopathy” is a broad term that 
includes many abnormal genetic conditions of 
haemoglobin. These consist of two main groups:  
- "Thalassaemia syndromes" 
- Abnormal structural haemoglobin variants.  

Both are due to mutations and/or deletions in the 
alpha (α) or Beta (β) globin genes. When gene 
error affects haemoglobin (Hb) synthesis, it results 
in thalassaemia with normal haemoglobin 
structure, while abnormal haemoglobin variant 
results from abnormal Hb structure.

6,7 

 

AIMS OF THE STUDY 
Are to detect the frequency of different types of 

Haemoglobinopathies in premarital couples in 
Nineveh province , to detect the frequency of 
carriers of β-thalassaemia and sickle cell. 

 

MATERIALS AND METHODS 

Subjects: 
The couples who attend for routine premarital 

investigations in the primary health care centers in 
Nineveh province were enrolled in this cross 
sectional study.  

There are 4 primary health care centers covering 
the governorate that offer premarital investigations, 
two centers in Mosul city where the blood is taken 
and the blood group, virology screen & automated 
blood count were done, but the High Performance 
Liquid Chromatography (HPLC) is performed in Ibn 
Al-Atheer teaching hospital whereas in Talafar and 
Al-Hamdania there is one center in each district 
where all these tests with HPLC were done in the 
same center. 
1127 subjects were included. All of them were of 
Iraqis' nationality. 

This is a cross sectional study which was 
conducted between the 15th of November 2019 
and the 15th of May 2020. 

In general, whole blood was taken from both 
premarital couples to perform blood group, 
automated Complete Blood Count (CBC) (using 
Swelab / Coulter counter) and Hb variant analysis 
by HPLC (using the variant П Beta Thalassaemia 
Short Program from Bio-Rad laboratories-USA) 
and also for virology to exclude contagious 
diseases like hepatitis B, C, human immune 
deficiency virus (HIV) & VDRL testing for syphilis. 
However, in Talafar hospital and Al-Hamdania 
primary health care center, the Hb variant analysis 
was first performed only for the male and if there 
was an abnormality detected in his analysis then 
female would have Hb variant analysis too, this is 
due to social issues. 

H 
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Serum ferritin was measured for cases with low 
Mean Corpuscular Volume (MCV), Mean 
Corpuscular Haemoglobin (MCH). 

The interpretation was based on the percentages 
of HbA2 and HbF in cases of suspected 
thalassaemia traits, and on the presence of other 
peaks and windows of variant haemoglobins and 
their percentages, such as HbS, D and others.  
β-thalassaemia trait was diagnosed when the 
subject have (Hb A2 >3.5%).  

Other Hb varriants were recognized by the HPLC 
when other variant haemoglobins windows were 
detected like Hb D, E and S & the frequency of 
each Hb variant was measured.  

When a subject had a low Hb, low MCV, low 
MCH, borderline HbA2, measure serum ferritin to 
detect any evidence of iron deficiency anaemia 
which affect HbA2 level and reassess Hb variant 
after iron therapy.

8-10
  

MCV and MCH were considered low when 
MCV<76 fl and MCH <25 pg depending on the 
reference normal range of the kit used by these 
centers.  

In some suspicious cases further tests were 
performed like the capillary electrophoresis. After 
that the affected couples were advised not to marry 
and were informed about the risks and the 
possibility of having babies with 
Haemoglobinopathies. 

The statistical analysis of the data was done by 
using spss, and a p value of < 0.05 was 
considered as significant. 

 
Ethical issues: the data in this study was attained 
in de-identified design. Subjects' names were not 
involved and the privacy of the participants were 
protected. Moral consent requirements were 
achieved by the study team. 

 
Estimation of the expected numbers of births 
with Haemoglobinopathies: We used the (Hardy-
Weinberg equation which is used in recessively 
inherited single gene disorders), and since in the 
current study we determined the frequency of 
Haemoglobinopathies in Nineveh, the expected 
births with  homozygous and double heterozygous 
were calculated by using the mentioned equation.  
The Hardy Weinberg equation is (p2+2pq+q2 
=1).

11 

 

RESULTS 
In this cross sectional study, 1127 cases were 

included who attended the four premarital primary 
health care centers in Nineveh province. 613 
(54.4 %) were male, their ages range between (13-
80 years), and 514 (45.6 %) were female, their 
ages range between (10-52 years).  

Of these 1127 subjects 47 cases were 
diagnosed as β-thalassaemia carriers with an 
overall frequency of 4.2 %. The frequency of β-
thalassaemia in Mosul city is 3.7 %, while in Al-
Hamdania and Talafar are 9.8 % and 6.5 % 
respectively. Ten cases had HbS by the HPLC 
(sickle cell trait in 9 cases and sickle\β-
thalassaemia in only one case), the overall 
frequency of sickle cell carrier state is 0.89 %.The 
frequency varied between 0.8 % in Mosul and 2.2 
in Talafar, while it is 0 % in Al-Hamdania.  

Eight cases with an overall frequency of 0.71 % 
were diagnosed as having other types of 
Haemoglobinopathies (HbD, HbE, HbH). It is 0.8 % 
in Mosul and 0 % in both Talafar and Al-Hamdania. 

Eighty one cases were diagnosed as having iron 
deficiency with an overall frequency of 7.2 %. The 
iron deficiency frequency in Mosul is 7.8 %, while it 
is 2.4 % in Al-Hamdania and 2.2 % in Talafar, as 
shown in table 1 . 

 
Table (1): The frequency & distribution of 
Haemoglobinopathies and iron deficiency in 
various regions of Nineveh province.  
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DISCUSSION 
Nineveh is the second largest Iraqi province 

regarding population size which is approximately 
three and half million. It lies at the northwest of 
Iraq. It consists of diverse ethnic groups of 
population that include Arabs mainly, Kurdish, 
Turkmen and others. This diversity reflected by the 
presence of different types of 
Haemoglobinopathies. The premarital screening 
program is a way to detect carriers of 
Haemoglobinopathies and the couples at risk 
(couples who are both carriers and at risk of having 
diseased child if getting married), thus it is 
considered an effective way to reduce the 
frequency of Haemoglobinopathies mainly 
thalassaemia and SCD and decrease the burden 
of their consequences on population and the 
health care providers.  

In this study, we depended on the premarital 
screening program in the province to find the 
frequency of different Haemoglobinopathies in the 
region using the HPLC technique and some other 
hematological and biochemical procedures. HPLC 
is a very useful and powerful technique; it 
quantifies HbA2, HbF and other Hb variants if 
present, all at the same technique. It can detect 
many Hb variants and β-thalassaemia trait; 
therefore, it is optimal for routine use in premarital 
screening program. 

The frequency rate of β-thalassaemia trait in 
Nineveh governorate is 4.2% and it is consistent 
with the rates reported from other Iraqi's regions 
such as from the Iraqi's capital "Baghdad" in 
1996.

12
  4.4%, Duhok governorate 4%.

13
, from 

Basra in South of Iraq 4.6%.
14

, while in Erbil , a 
province of Kurdistan /Iraq, the frequency of 
β-thalassaemia trait (6.94%).

15
 The frequency of β-

thalassaemia trait in the neighboring countries is 
variable. In Syria, carriers of β-thalassaemia trait 
are about 5%.

16
 In Turkey, 4.3% as reported by the 

National Haemoglobinopathy Council, the highest 
frequency of β-thalassaemia trait (13.1%) was in 
Antalya.

17
 In Jordan (in Badia region) the 

frequency is (3.04%).
18

 While in Iran (20.66%) 
were carriers of β-thalassaemia.

19
 & in Saudi 

Arabia (in Al-Hasa), 3.4 %.
20 

The frequency of sickle cell trait in Nineveh 
governorate is 0.89 %, in Iraq Sickle cell carrier 
rates range from 0 to 16.0%, and they aggregate in 
the south and the far north of Iraq.

21,22
 In Basrah 

the overall frequency rate for the HbS is of 6.5%.
14 

In Erbil, Sickle cell trait (0.064%) 
15

. In Duhok a 
study detected that the frequency of sickle cell trait 
was 1.2%.

13
 Sickle cell disease is uncommon in 

Syria, and less than 1% of the populations are 
carriers.

23
 In Iran (0.58%) were sickle traits.

19
, 

whereas in Saudi Arabia, the frequency of sickle 
cell trait is (4.20%).

24
  

In this study, it was found that the most common 
Haemoglobinopathies after thalassaemia and SCD 
are HbD then HbE and HbH. The frequency rate of 
HbD (0.44 %), HbE (0.18 %) and HbH (0.089 %). 
In Turkey the frequency rate of HbD was between 
0.09% from a study in kocaeli.

25
 and 0.28% from a 

study in Kahramanmaraş.
26

 While in a study from 
Punjab, the frequency of HbD (1.09%) and HbE 
heterozygous (0.54%).

27
 In Iran, the frequency of 

HbD variant is (0.84%) and HbE trait is (0.13%).
19

 
The frequency of Hb D-Iran was 0.23%, while that 
of Hb E was 1.56% in a study from India.

28
 In Erbil, 

α-thalassaemia trait (0.032%).
15

 In Iran, (0.29%) 
individuals with alpha thalassaemia variants (Hb-H 
disease/alpha trait).

19
 Since this study depends on 

the premarital screening program in the region 
using HPLC for diagnosis of Haemoglobinopathies 
and since α-thalassaemia diagnosis is only by 
genetic study. Therefore, α-thalassaemia is not 
included in our study except for HbH disease 
where it could be diagnosed by HPLC.  

HbD and HbE are clinically not that significant 
especially in heterozygous state, but it is important 
to detect them as a clinically significant condition 
may result if these are combined with β-
thalassaemia trait. 

 
Regarding the  iron deficiency it was mentioned 

by (WHO) that the main cause of anaemia 
worldwide is iron deficiency.

29
, especially in the 

developing countries.
30

, and it is the most public 
and wide-ranging nutritional disorder globally.

31
 In 

the developing countries, the high frequency of 
iron deficiency anaemia is caused by the 
ignorance for the diet quality due to the low 
socioeconomic status and nutritional factors like 
low iron containing diets.

32,33
   

 
The overall frequency of iron deficiency in this 

studied group is 7.2% which was due to iron 
deficiency anaemia in the majority, but also a 
significant proportion was in iron deficiency state. 
Iron deficiency was mainly in females (72 females 
and only 9 males). The frequency of iron deficiency 
in a study from Duhok was 5.6%, and was also 
mainly in females.

13
 From a study in Ramadi, 

frequency of iron deficiency anaemia (20.35%) and 
was also higher in females than in males.

34
  

Depending on a study that took place in Turkey, 
the frequency of iron deficiency was 15.6% and of 
iron deficiency anaemia was 10.3%.

35
 In 

Tabuk/Saudi Arabia the frequency was 12.5%.
36

, 
while in a study in Saudi Arabia was 35.3%.

37
 In 

Jordan, frequency rate of iron deficiency in females 
was (28.7%) and (11.1%) in males.

38
 The 

frequency rate of iron deficiency from a study in 
Kermanshah/Iran was 23.7%.

39
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It was observed that the frequency of iron 

deficiency anaemia was also higher in females 

than in males that is consistent with our study in 

the following studies.
 40-44,31,33,38

 This may be 

attributed mainly to the periodic blood loss in 

females during menstruation.
45

  and thus nutritional 

requirement is more for females in order to 

compensate the menstrual blood loss.
46-48 

 

Distribution of Haemoglobinopathies in 
Nineveh Province:  

In this study the cases were in the majority taken 
from the premarital screening center in Mosul city, 
and fewer cases were taken from premarital 
screening centers in Al-Hamdania and in Talafar 
districts. This is because Mosul is the largest 
region in the province with the largest population 
size and the drainage of cases is the largest as it 
receives couples from all the surrounding villages 
and towns except Al-Hamdania and Talafar as 
these have their own centers.  

Regarding β-thalassaemia trait it was found that 
the highest frequency rate of (9.8%) was in Al-
Hamdania then (6.5%) in Talafar, while the least 
frequency rate of (3.7%) was in Mosul. This higher 
rate in Al-Hamdania and then in Talafar could be 
related to the diverse ethnicity between these 
regions and also could be related to social issues 
like consanguineous marriage which is with high 
rate in these areas.   

The highest frequency rate of sickle cell trait was 
in Talafar (2.2%) and (0.8%) in Mosul, while it was 
(0%) in Al-Hamdania. This may be also contributed 
to the ethnicity and the consanguineous marriage.  

Regarding the iron deficiency, the frequency rate 
was highest in Mosul (7.8%). Whereas in Al-
Hamdania and Talafar were (2.4%) and (2.2%) 
respectively. This could be attributed to that the 
majority of cases with iron deficiency were females 
and as the screening program in Al-Hamdania and 
Talafar include males and only few females. So, 
the rate was apparently lower in these areas. 

 
Estimation of Risk:  

In this study, depending on the estimated 
frequency rates of β-thalassaemia trait, sickle cell 
trait and other Haemoglobinopathies and by using 
the Hardy –Weinberg equation; the expected birth 
rates of children born with major 
Haemoglobinopathy were as follow:  
Homozygous β-thalassaemia would be (0.3/1000 
from those born).  
Sickle cell disease would be (0.01/1000 from those 
born).  

Homozygous for other Haemoglobinopathies 
(HbH, HbE, HbD) would be (0.0085/1000 from 
those born) while in a study from Basrah, the 

anticipated rates of birth of homozygotes ß-
thalassaemia were (0.52/1000) and of 
homozygotes HbS (1.05/1000).

14 
,and in Duhok the 

anticipated rate of homozygotes ß-thalassaemia 
was 0.697/1000.

13
 

 

CONCLUSIONS 
1. There are different types of 

Haemoglobinopathies in Nineveh province where 

β-thalassaemia trait represented the most 

frequent Haemoglobinopathy in the region 

followed by sickle cell trait, HbD, HbE then HbH 

disease.  

2. Iron deficiency was also detected in this studied 

group which was significantly higher in females 

than in males. 

3. HPLC is a good technique for routine use in 

premarital screening program that can detect 

most of the cases with Haemoglobinopathies 

except for few cases that may need further 

investigations.  

4. The expected number of children born with 

homozygous β-thalassaemia, sickle cell and 

others (HbD, HbE, HbH) were (0.3/1000, 

0.01/1000 and 0.0085/1000 from those born) 

respectively. 

 

REFERENCES 
1. J. Benz Jr, E. Disorders of Haemoglobin. In: J. 

Larry Jameson, et al. Harrision’s Principle of 
Internal Medicine. 18

th
 Edition. McGraw-Hill 

Education / Medical, 2011. P.852-861. 
2. WHO/TIF Meeting on the Management of 

Haemoglobin Disorders (‎2007: Nicosia, 
Cyprus) ‎, World Health 
Organization  & Thalassaemia International 
Federation. (‎2008)‎. Management of haemoglobin 
disorders: report of a joint WHO-TIF meeting, 
Nicosia, Cyprus, 16-18 November 2007. World 
Health Organization.  

3. Weatherall DJ, Clegg JB. Inherited haemoglobin 
disorders: an increasing global health 
problem. Bull World Health 
Organ 2001;79(8):704–712. 

4. Raeburn S. Genetic Services in the Sultanate of 
Oman and other Gulf Countries: Progress is 
needed now! SQUMJ 2008;8(2):129–135. 

5. Ahmed S, Saleem M, Modell B, Petrou M. 
Screening extended families for genetic 
haemoglobin disorders in Pakistan. NEJM 2002; 
347(15):1162–1168. DOI: 
10.1056/NEJMsa013234 

6. Weatherall DJ & Clegg JB
*
. The Thalassaemia 

syndromes(4
th
 ed.). Blackwell Science 2001. 



Bassma Adnan Yonus                                                                                   Frequency of Haemoglobinopathies in .. 

162                                                                                           Ann Coll Med Mosul December 2021 Vol. 43 No.2 

7. Kohne E, Kleihauer E. Haemoglobinopathies: a 
longitudinal study over four decades. Dtsch 
Arztebl Int 2010; 107(5):65–71. DOI: 
10.3238/arztebl.2010.0065  

8. Old J, Harteveld CL, Traeger-Synodinos 
J,Petrou M, Angastiniotis M, Galanello R et al. 
Prevention of Thalassaemias and Other 
Haemoglobin Disorders: Volume 2: Laboratory 
Protocols. (2nd ed.). Thalassaemia International 
Federation 2012. 

9. Paglietti ME, Satta S, Sollaino MC, Barella S, 
Ventrella A, Desogus MF, et al.

 
The Problem of 

Borderline Haemoglobin A2 Levels in the 
Screening for β-Thalassaemia Carriers in 
Sardinia. Acta Haematol 2016; 135(4):193–199. 
DOI: 10.1159/000442194 

10. ViprakasitV, Limwongse C, Sukpanichnant S, 
Ruangvutilert P, Kanjanakorn C, Glomglao W, et 
al. Problems in determining thalassaemia carrier 
status in a program for prevention and control of 
severe thalassaemia syndromes: a lesson from 
Thailand. Clin Chem Lab Med 2013; 51(8):1605–
1614. DOI: 10.1515/cclm-2013-0098  

11. Mayo O. A century of Hardy-Weinberg 
equilibrium. Twin Res Hum Genet 
2008;11(3):249-256. DOI: 10.1375/twin.11.3.249 

12. Yahya HI, Khalel KJ, Al-Allawi NAS, Hilmi 
F‎. Thalassaemia genes in Baghdad, Iraq. EMHJ 
1996; 2(2):315-319 at: Google Scholar 

13. Al-Allawi NA, Al-Dousky AA. Frequency of 
Haemoglobinopathies at premarital health 
screening in Dohuk, Iraq: implications for a 
regional prevention programme. EMHJ 
2010; 16(4):381–385. 

14. Hassan MK, Taha JY, Al Naama LM, Widad 
NM, Jasim SN.  Frequency of 
Haemoglobinopathies and glucose-6-phosphate 
dehydrogenase deficiency in Basra. EMHJ 
2003; 9(1-2)‎: 45-54.   

15. Polus RK. Prevalence of Haemoglobinopathies 
among marrying couples in Erbil province of Iraq. 
Iraqi J Hematol 2017; 6(2):90-93. DOI: 
10.4103/ijh.ijh_27_17 

16. Teebi AS, Farag TI. Genetic disorders among 
Arab populations. Oxford University Press,1997. 

17. Canatan D, Kose MR, Ustundag M, 
Haznedaroglu D, Ozbas S. Haemoglobinopathy 
control program in Turkey. Community genet 
2006; 9(2):124–126. DOI: 10.1159/000091493 

18. Babiker MM, Bashir N,  Sarsour N. Prevalence 
of thalassaemia in school children in north-
eastern Badia, Jordan. EMHJ 1999; 5(6):1165-
1170. 

19. HosseiniS, Kalantar E , Dorgalaleh A. A Long 
Screening of Iranian Populations with 
Thalassaemia and Haemoglobinopathies. British 
Biomedical Bulletin 2014; 2(4):669-676.  

20. Al-Suliman A. Prevalence of beta-
thalassaemia trait in premarital screening in Al-
Hassa, Saudi Arabia. Ann Saudi med 
2006; 26(1):14–16. DOI: 10.5144/0256-
4947.2006.14 

21. Alkasab FM, Al-Alusi FA, Adnani MS, Alkafajei 
AM, Al-Shakerchi NH, Noori SF. The prevalence 
of sickle cell disease in Abu-AL-Khasib district of 
southern Iraq. J trop Med Hyg 1981; 84(2):77–
80. 

22. Al-Allawi NA, Jalal SD, Nerwey FF, Al-Sayan 
GO, Al-Zebari SS, Alshingaly AA, et al. Sickle 
cell disease in the Kurdish population of northern 
Iraq. Haemoglobin 2012; 36(4):333–342. DOI: 
10.3109/03630269.2012.692344 

23. El-Hazmi MA, Al-Hazmi AM, Warsy AS. Sickle 
cell disease in Middle East Arab countries. 
Indian J Med Res 2011; 134(5):597-610. DOI: 
10.4103/0971-5916.90984 

24. Alhamdan NA, Almazrou YY, Alswaidi FM, 
Choudhry AJ. Premarital screening for 
thalassaemia and sickle cell disease in Saudi 
Arabia. Genet Med 2007; 9(6):372-377. DOI: 
10.1097/gim.0b013e318065a9e8 

25. Sarper N, Şenkal V, Güray F, Şahin Ö, 
Bayram J. Premarital Haemoglobinopathy 
screening in Kocaeli, Turkey: a crowded 
industrial center on the north coast of Marmara 
Sea. Turkish journal of haematology. 2009; 
26(2):62–66. 

26. Yüregir GT, Kılınç M, Ekerbiçer H, Bilaloğlu N, 
Tekin N. Screening of Haemoglobinopathies in 
Kahramanmaraş, TURKEY. Turkish journal of 
haematology 2001; 18(2):79–83. 

27. Sharma AN, Kukreja S, Kaur J, Kauri A. 
Prevalence of Haemoglobinopathies in punjabi 
population. IJCBR 2017; 4(1):43-46. Doi No:-
10.18231 

28. Dass J, Gupta A, Mittal S, Saraf A, Langer S, 
Bhargava M. Comparison of the characteristics 
of two haemoglobin variants, Hb D-Iran and Hb 
E, eluting in the Hb A2 window. Blood Res 
2017; 52(2):130–134. DOI: 
10.5045/br.2017.52.2.130 

29. World Health Organization. Global estimates 
for health situation assessment and projections. 
WHO, Geneva, 1990.  

30. World Health Organization. Iron deficiency 
anaemia, Assessment, prevention and control. A 
guide for programme manager. WHO, Geneva, 
2001. 

31. DeMaeyer E, Adiels-Tegman M. The 
prevalence of anaemia in the world. World health 
Stat Q 1985; 38(3):302-316. 

32. DeMaeyer EM, Dallman P, Gurney J, 
Michael, Hallberg L, Sood SK, et al. Preventing 
and controlling iron deficiency anaemia through 
primary health care : a guide for health 

https://scholar.google.com/scholar_lookup?title=Thalassaemia%20genes%20in%20Baghdad,%20Iraq&author=H.%20I.%20Yahya&author=K.%20J.%20Khalel&author=N.%20A.%20S.%20Al-Allawi&author=&author=F.%20Helmi&publication_year=1996


Frequency of Haemoglobinopathies in ..                                                                                   Bassma Adnan Yonus 

Ann Coll Med Mosul December 2021 Vol. 43 No.2                                                                                            163 

administrators and programme managers. World 
Health Organization, ‎1989.  

33. Ismail IM, Kahkashan A, Antony A, Sobhith 
VK. Role of socio-demographic and cultural 
factors on anaemia in a tribal population of North 
Kerala, India. IJCMPH 2016; 3(5):1183–1188. 
DOI: 10.18203/2394-6040.ijcmph20161381 

34. Ali FJ, Al-Ani A. Prevalence of Iron Deficiency 
Anaemia among Adolescents Intermediate 
School Pupils in Ramadi District. Iraqi Journal of 
Community Medicine 2009; 22(3):158-162. 

35. Saydam BK, Genc RE, Sarac F, Turfan EC. 
Prevalence of anaemia and related factors 
among women in Turkey. Pak J Med Sci 
2017; 33(2):433–438. DOI: 
10.12669/pjms.332.11771 

36. Alzaheb RA, Al-Amer O. The Prevalence of 
Iron Deficiency Anaemia and its Associated Risk 
Factors Among a Sample of Female University 
Students in Tabuk, Saudi Arabia. Clin Med 
Insights Womens Health 2017; 10, 
1179562X17745088. doi: 
10.1177/1179562X17745088. eCollection 2017  

37. Al-Jamea L, Woodman A, Elnagi EA, Al-Amri 
SS, Al Zahrani AA, Al-shammari NH, Al-zahrani 
RA, Al-Yami FS, Al- Ameri SA. Prevalence of 
Iron-deficiency anaemia and its associated risk 
factors in female undergraduate students at 
Prince Sultan Military College of Health 
Sciences. Journal of Applied Hematology 2019; 
10(4):126-133. DOI: 10.4103/joah.joah_44_19   

38. Abdo N, Douglas S, Batieha A, Khader Y, 
Jaddou H, Al-Khatib S, El-Khatib M, AbuZaid H, 
Ajlouni K. The prevalence and determinants of 
anaemia in Jordan. EMHJ 2019; 25(5):341–349. 
DOI: 10.26719/emhj.18.047 

39. Akramipour R, Rezaei M, Rahimi Z. 
Prevalence of iron deficiency anaemia among 
adolescent schoolgirls from Kermanshah, 
Western Iran. Hematology 2008; 13(6):352–355. 
DOI: 10.1179/102453308X343383 

40. Bailey LB, Wagner PA, Christakis GJ, Davis 
CG, Appledorf H, Araujo PE, Masteryanni J, 
Dinning JS. Folacin and iron status and 
hematological findings in black and Spanish-
American adolescents from urban low-income 
households. The American journal of clinical 
nutrition 1982; 35(5):1023–1032. DOI: 
10.1093/ajcn/35.5.1023 

41. Modell Bernadette, World Health Organization. 
Hereditary Diseases Programme. Guidelines for 
the control of haemoglobin disorders / edited by 
Bernadette Modell. World Health Organization, 
1994‎.  

42. Le CH. The Prevalence of Anaemia and 
Moderate-Severe Anaemia in the US Population 
(NHANES 2003-2012). PloS one 2016; 11(11): 
e0166635. DOI: 10.1371/journal.pone.0166635 

43. Yavarian M, Cohan N, Mazarehi H, Roshannia 
M, Dehbozorgian J, Amirghofran S, Mehran 
Karimi. Impact of Iron Deficiency Anaemia on 
HbA2 levels. J App Hematol 2011; 2(2):200-202. 
At Google Scholar 

44. Alquaiz AM, Gad Mohamed A, Khoja TA, 
Alsharif A, Shaikh SA, Al Mane H, Aldiris A, Kazi 
A, Hammad D. Prevalence of anaemia and 
associated factors in child bearing age women in 
riyadh, saudi arabia. Journal of nutrition and 
metabolism 2013; 636585. DOI: 
10.1155/2013/636585 

45. Hoffbrand AV, Catovsky D, Tuddenham EG, 
Green AR. Postgraduate hematology. Willey-
Blackwell, 2011.  

46. Shill KB, Karmakar P, Kibria MG, Das A, 
Rahman MA, Hossain MS, Sattar MM. 
Prevalence of iron-deficiency anaemia among 
university students in Noakhali region, 
Bangladesh. J Health Popul Nutr 
2014; 32(1):103–110. 

47. Shams S, Asheri H, Kianmehr A, Ziaee V, 
Koochakzadeh L, Monajemzadeh M, Nouri M, 
Irani H, Gholami N. The prevalence of iron 
deficiency anaemia in female medical students in 
Tehran. Singapore Med J 2010; 51(2):116–119. 

48. Fayet-Moore F, Petocz P, Samman S. 
Micronutrient status in female university 
students: iron, zinc, copper, selenium, vitamin 
B12 and folate. Nutrients 2014; 6(11):5103–
5116. DOI: 10.3390/nu6115103. 

 
 
 
 


