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ABSTRACT 
Background: Different  types of Haemoglobin is synthesized as consequence of the differences in oxygen 
(O2) demands  at different stages of growth to mantis optimal O2 delivery to the tissues. Thus, haemoglobin 
A1 is the most common form of haemoglobin in the adult people , haemoglobin A1, is a combination of two 
alpha chains and two beta ( α2β2 )chains.  
Aim: The study aimed to assess the level of adult haemoglobin and fetal haemoglobin in normal pregnancy 
and correlate the results with complete blood picture. 
Methods: Study design: cross sectional study carried from Oct. 2024- Jan. 2025. Blood samples were used 
to determine complete blood picture by using hematology autoanalyser and haemoglobin electrophoresis  by  
using Gel electrophoresis chamber.  
Result: Seventy pregnant women in the third trimester were included in the study. The mean ± SD of their 
age was 27.55±9.17years.The mean of HbA1 was (92.63±2.47) while for HbA2  was (2.80±0.83) and fetal 
haemoglobin was (2.15±2.48). Twenty four of them were taking iron supplement (group 1) and  46 pregnant 
women not taking iron supplement (group 2), HbA1 higher in group 1 and Hb F was lower in group 1 but both 
results were statically not significant. Positive association between HbA1 with Hb, PCV, RBC and 
reticulocytes  (P < 0.0001), (P<0.0001), (P<0.044) (P < 0.034),  respectively.There was a negative 
correlation of Hb A1 with the platelets ( P<0.037). 
Inverse correlation was found between HbA1 and  HbA2 (P<0.017). A significant negative association 
between HbA2 and HbA1(p < 0.017). 
Conclusion: Adult hemoglobin positively associated with red blood cell count packed cell volume and 
reticulocyte count and negatively correlated with platelets count. Significant negative correlation of HbA1 with 
the HbA2 ,fetal hemoglobin higher in pregnant women and in those not taking iron it has negative 
association with monocyte. 
 
Keywords: Adult haemoglobin, Complet blood picture, fetal haemoglobin ,haemoglobin electrophoresis, 
hemoglobin A2.  
 

  الدم صىرة وفحص للهيمىكلىبين الكهربائي للفصل الفسلجي التحليل

 الحىامل النساء لدي

 
 *العوشٌ فبسوق علُبء

 العشاق ، الوىصل ، الوىصل جبهعت ، الطب ملُت ، الطبُت الفسلجت فشع*

 

 الخلاصت

ًخُجت للاخخلافبث فٍ هخطلببث الأومسجُي فٍ هشاحل هخخلفت هي الٌوى هي أجل  َخن حصٌُع أًىاع هخخلفت هي الهُوىملىبُي الخلفيت:

الخىصُل  الاهثل للأومسجُي إلً الأًسجت. وببلخبلٍ، فإى الشنل الأمثش شُىعًب للهُوىجلىبُي فٍ الإًسبى الببلغ،هى الهُوىملىبُي 

A1 ( هى هزَج هي سلسلخٍ ألفب وسلسلخُي بُخب ،α2β2هذفج الذساست إل .) حقُُن هسخىي الهُوىملىبُي الببلغ والهُوىملىبُي ً

 فٍ الحول الطبُعٍ وسبط الٌخبئج  هع ًخبئج صىسة الذم النبهلت. A2الجٌٌٍُ والهُوىملىبُي 

. حن اسخخذام عٌُبث الذم لخحذَذ 2225إلً ٌَبَش  2224حصوُن الذساست: دساست هقطعُت أجشَج فٍ الفخشة هي أمخىبش  طرق البحث:

النبهلت ببسخخذام هحلل أهشاض الذم الزاحٍ والشحلاى النهشببئٍ للهُوىملىبُي ببسخخذام غشفت الفصل النهشببئٍ  صىسة الذم

 الهلاهُت.
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سٌت. ومبى  7.15±  25.55لأعوبسهن  ± DSشولج الذساست سبعُي اهشأة حبهل فٍ الثلث الثبلث هي الحول. مبى هخىسط  النتائج:

(  والهُوىجلىبُي الجٌٌٍُ 2..2  ±2..3)  A2( بٌُوب مبى هخىسط الهُوىملىبُي 72.63  ±2.45)   A1هخىسط الهُوىملىبُي

اهشأة حبهل لا َخٌبولىى هنولاث الحذَذ  46( و1اهشأة هٌهن َخٌبولىى هنولاث الحذَذ )الوجوىعت  24(. مبًج .±2.4  2.15)

ولني ملا الٌخُجخُي لن حني راث دلالت  1وجوىعت أقل فٍ ال Ab Hومبى  1أعلً فٍ الوجوىعت  AbA1(، ومبى 2)الوجوىعت 

 V <2.2221  ،(V <2.2221( )2.222 ،Vوالخلاَب الشبنُت ) CBCو  VCPو  Abهع  AbA1إحصبئُت. اسحببط إَجببٍ بُي 

<2.244 ،( )V <2.234 علً الخىالٍ. مبى هٌبك اسحببط سلبٍ لوسخىي )Ab A1 ( هع الصفبئح الذهىَتV <2.235.) 

  ) AbA2و    AbA1((. وجىد علاقت سلبُت مبُشة بُي AbA2   ،VP2.215و AbA1سحببط سلبٍ مبُش بُي مبى هٌبك ا

<2.215.) 

الهُوىجلىبُي الببلغ َشحبط إَجببُب هع عذد خلاَب الذم الحوشاء وحجن الخلاَب الوعبأة وعذد الخلاَب الشبنُت وَشحبط سلبب  الاستنتاج:

أعلً عٌذ الٌسبء الحىاهل وفٍ  AbA2هع هُوىجلىبُي الجٌُي  AbA1ببط السلبٍ النبُش لـ هع عذد الصفبئح الذهىَت. مبى الاسح

 أولئل الزَي لا َخٌبولىى الحذَذ، وله اسحببط سلبٍ هع الىحُذاث.

 

دم ، صىسة A2الفصل النهشببئٍ للهُوىجلىبُي، الهُوىجلىبُي الببلغ، الهُوىجلىبُي الجٌٌٍُ، الهُوىجلىبُي  الكلماث المفتاحيت:

 .مبهلت

 

INTRODUCTION 
he main function of red blood cells (RBC) is 
to transport oxygen by Haemoglobin which is 

a protein that carries oxygen in the blood 
1,2

. 
Haemoglobin (Hb) is formed from combination of 
iron with protoporphyrin IX, to form the heme 
molecule, and then each heme molecule joins with 
long polypeptide and forms hemoglobin 

1,3
. There 

are minor variations in the different subunit of 
haemoglobin chains, depending on the amino acid 
constitution  of the polypeptide chain. The distinct 
types of chains are named alpha, beta, gamma, 
and delta chains. Each Hb molecule contains four 
haemoglobin chains. So four iron atoms in each 
haemoglobin molecule; bind with one molecule of 
oxygen, making a total of 4 O2 molecules that can 
be carried by each Hb molecule. In the lungs heme 
molecules pick up oxygen while  in the tissue they  
deliver it 

4
.  

Different  types of Haemoglobin is synthesized as 
consequence of the differences in O2 demands  at 
different stages of growth to mantis optimal O2 
delivery to the tissues. Thus, haemoglobin 
A1(HbA1) is the most common form of 
haemoglobin in the adult people , haemoglobin A1, 
which is consist of two alpha chains and two beta 
chains (α2β2 ). Haemoglobin A2(HbA2) normal 
variant with two alpha chains and two delta chains 
1,3,4

 .   
Fetal haemoglobin is the haemoglobin of the fetus 

(HbF), that formed before birth . Fetal haemoglobin 
is made up of 2 alpha chains and 2 gamma chains 
(α2γ2). Embryonic haemoglobins (HbE) are Gower 
1, composed of  two zeta and two epsilon chains 
(δ2ε2), Portland, composed of two zeta and two 
gamma chains (δ2γ2), and Gower 2, composed of 
two alpha and two epsilon chains (α2ε2)  

3,5 -8
. 

At the low oxygen tension, the fetal haemoglobin 
can carry 20 - 50 % more oxygen than maternal 
haemoglobin 

1
.  

Haemoglobin electrophoresis measures the levels 
of the varied types of this protein in the blood. 
Haemoglobin A: 95% to 98%, HbA2: 2% to 3%, 
HbE: Absent, HbF: 0.8% to 2%, HBS: Absent, 
HbC: Absent

 2,8
.  

Expression of HbF in adults is largely genetically 
regulated. Few articles reported the elevated level 
of HbF in pregnancy. Different mechanisms have 
been recommended, but the explination of HbF 
manifestation during pregnancy still unclear

 9,10
. 

Fetal haemoglobin ,a minor haemoglobin of 
normal adults, has major clinical significance for 
sickle cell disease 

11,12
.  

 Hormonal change during pregnancy is the cause 
of many physiological changes in pregnancy and 
after labour. Many hematological changes also, 
occurring during these periods are physiological 
and are considered as   a small problem to the 
haematologist 

13
.  

 In order to compensate for blood at delivers and 
the increase need of the blood for the new 
vascular bed during pregnancy , the total blood 
volume increases by about 1.5 liters 

14
. This 

indicates that, in pregnancy, the increases in 
plasma volume to compensate for the demand of 
vascular under filling resulting from systemic 
vasodilatation and increase in vascular 
capacitance 

15,16
 . 

 Elevated red cell count as result of high maternal 
erythropoietin production, as general its less than 
the increase in plasma volume,  so result being a 
decrease  in haemoglobin level and  dilutional 
anemia will present.   In pregnancy small changes 
in indices of  the  RBC like little increase in  mean 
corpuscular volume (MCV).  

T 
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Increased production of red blood cells to comply 
with the demands of pregnancy, realistically 
explains why there is an increased MCV

 17
. 

During pregnancy, an enhanced immune 
response is necessary to combat infections that 
could harm mother and baby. This can cause a 
normal elevation in white blood cells count(WBC) , 
especially before labour. Physiologic stress during 
pregnancy produce leukocytosis (increase in white 
blood cells count) 

18
.  

 
The aim of this study was to assess the level of 

adult haemoglobin,  and fetal haemoglobin in 
normal pregnancy and correlate the results with 
complete blood picture  (RBC ,WBC, differential 
count, Platelets count, and blood indices). 
 

SUBJECTS AND METHODS 
The current study sample includes 70 pregnant 

healthy women in the third trimester, whose 
gestational age was estimated by taking into 
account the last menstrual cycle, early ultrasound 
measurements.   
 
Those pregnant women were attending private 

clinic for their usual booking visit. Their ages were 
between 18-38 years with mean of (27.55) years 
and their weights ranged between 60-84 kg, with a 
mean of (72) kg. The mean of their blood pressure 
was 130/80mmHg and the mean of their pulse was 
75 beat/minute.   
The duration of this study was from October, 2024 

to January, 2025. 
 

Specimens 
Blood samples from pregnant women in the third 
trimester were taken by clean antecubital 
venipuncture. A total of 5 ml of blood was taken 
from each pregnant woman  and  collected into a 
tube containing EDTA as an anticoagulant.These 
samples were used to determine haemoglobin A1 
(HBA1), haemoglobin A2 (HBA2) and  fetal 
haemoglobin (HBF) by  using Gel electrophoresis 
chamber. Haemoglobin concentration (Hb), packed 
cell volume (PCV), total white blood cell count 
(WBC), differential white blood cell count 
(lymphocyte, neutrophils, basophiles, eosinophils),  
RBC count , mean corpuscular volume (MCV), 
mean corpuscular haemoglobin( MCH), mean 
corpuscular haemoglobin concentration (MCHC), 
platelets count (pl), and  reticulocyte  count were 
measured by using hematology autoanalyser.  
 
 
 
 
 

Statistical Analysis 
Statistical analysis was done with SPSS software, 

version 25.The following statistical methods were 
used for the analysis of data : 
1. Standard statistical methods were used to 

determine the mean  SD, minimum and 
maximum.  

2. Z-test was used in the comparison of the 
haematological parameters of pregnant women 
during the third trimester. 

3. Pearson correlation coefficient (r) was used to 
determine correlation between haematological 
parameters. 

 

RESULTS 
Seventy pregnant women in the third trimester 

were included in the study. The mean ± SD of their 
age was 27.55±9.17years.  
The mean of HbA1 was (92.63±2.47) while for 

HBA2  was (2.80±0.83) and fetal haemoglobin was 
(2.15±2.48). Twenty four of them were taking iron 
supplement (group 1) and  46 pregnant women not 
taking iron supplement (group 2). 
Comparison of HbA1, HbA2 and HbF between the 

two groups, we found that HbA1 higher in group 1 
and Hb F was lower in group 1 but both results 
were statically not significant as shown in table 
(1) . 
 

Table (1): Comparison between group 1 and group 
2 regarding  HbA1,HbA2 and HbF.  

Parameters 

Pregnant Women 

Taking Iron 
(n=24) 

Not taking 
Iron (n=46) 

P 

mean ± SD mean ± SD 

HbA1% 92.6±2.79 92.17±2.67 0.55 

HbA2% 2.81±0.86 2.81±0.84 0.49 

Hb F% 1.29±1.71 2.58±2.68 0.084 

 
Table 2 shows the correlation between HbA1 with 

other parameters, in the present study the 
following results were obtained: 
Spearman’s correlation analysis revealed a 

considerable positive association between HbA1 
with Hb, PCV, RBC and reticulocytes  (r = 0.389, P 
< 0.0001), (r=0.393, P<0.0001), (r=0.202, 
P<0.044) (r = 0.212, P < 0.034),  respectively.  
There was a negative correlation of Hb A1 with 

the platelets (r=-0.208, P<0.037). 
Inverse correlation was found between HbA1 and 

HbA2 (r=-0.238, P<0.017). 
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Table 2: the correlation between HbA1 with other 
hematological parameters. 

Variables 
HbA1 

r- value p-value 

Hb gm/L 0.389 0.0001** 

PCV l/l 0.393 0.0001** 

RBC x10
12

/L 0.202 0.044* 

WBC x10
9
/L -0.119 0.237 

B% 0.077 0.449 

N% -0.055 0.589 

L% 0.046 0.650 

E% -0.187 0.063 

R% 0.212 0.034* 

M% 0.106 0.292 

Platelets x10
9
/L -0.208 0.037* 

MCV fl 0.114 0.259 

MCH Pg 0.088 0.384 

MCHC g/L 0.046 0.651 

HbF % -0.092 0.361 

HbA2 % -0.238 0.017* 

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

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

 
A  significant positive correlation was found 

between HBF and  monocyte  (r = 0.202, p < 
0.044), as well negative correlations with HbA1 
and Hb A2 but it was not significant. Table (3) 
 

Table 3: The correlation between HbF with other 
hematological parameters. 

Variables 
HbF 

r- value p-value 

Hb gm/L -0.134 0.183 

PCV l/l -0.141 0.161 

RBC x10
12

/L -0.190 0.059 

WBC x10
9
/L -0.166 0.099 

B% -0.118 0.243 

N% -0.029 0.775 

L% 0.39 0.700 

E% -0.127 0.208 

R% -0.163 0.106 

M% 0.202 0.044* 

Platelets x10
9
/L 0.004 0.971 

MCV fl 0.081 0.426 

MCH Pg 0.102 0.312 

MCHC g/L 0.093 0.356 

HbA2% -0.073 0.473 

HbA1% -0.092 0.361 

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

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

 

A significant negative association between HbA2 
and HbA1(r = -0.238 , p < 0.017).These 
correlations can be demonstrated in Table 4  
 

Table 4: the correlation between HBA2 with other 
hematological parameters. 

Variables 
HBA2 

r- value p-value 

Hb gm/L 0.128 0.204 

PCV l/l 0.126 0.211 

RBC x10
12

/L 0.126 0.211 

WBC x10
9
/L 0.096 0.341 

B% -0.073 0.472 

N% -0.045 0.658 

L% 0.041 0.685 

E% 0.049 0.628 

R% 0.116 0.251 

M% -0.060 0.554 

Platelets x10
9
/L 0.058 0.564 

MCV fl -0.023 0.821 

MCH Pg -0.014 0.892 

MCHC g/L 0.039 0.698 

HbF% -0.073 0.473 

HbA1% -0.238 0.017* 

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

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

 

DISCUSSION 
Fetal haemoglobin is the normal haemoglobin that 

is present in the fetus and usually almost absents 
in adults in our study the results of fetal 
haemoglobin was (2.15±2.48%) which is slightly 
elevated than normal range.  
In study of James et al. In normal pregnancies 

successive maternal serum HbF levels were 
measured. During the first trimester the maternal 
HbF level remains within the normal range. In 
second trimester, HbF  in mothers  go up in some 
cases;  while in other  HbF remains within the  
normal range. The maternal HbF level  may be an 
indicator of transplacental hemorrhage 

19. 
 

Other studies observed a significant increase in 
the level of maternal HbF  compare to the non 
pregnant control group.  Studies the association  
between the gestational age and level of HbF 
declaire no significant increase of HbF with the 
progress of  pregnancy. The cause of the rise in 
HbF is in need to be clarified 

20
.  

High maternal HbF levels (≥ 70%) can lead to 
problematic pregnancy and increased risk of intra-
uterine growth retardation or small for gestational 
age fetuses. Frequent antenatal care is 
recommended 

21
 .  
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Heightened maternal levels of HbF represent a 
special issue where both mother and fetus produce 
haemoglobin with comparable O2 affinities. Fetal 
haemoglobin adapted to carry O2 from maternal 
blood to fetal tissues, accomplished by the 
elevated  affinity of HbF for O2 compared with HbA. 
This is mainly due to the insensitivity of HbF to 2,3 
biphosphoglycerate 

1,22
 . 

In the study a significant positive correlation that 
found between HbF and monocyte  is 
demonstrated .   
Studies have demonstrated that raised HbF level 

is associated with mild disease but there is no 
proof for the correlation between HbF levels and 
inflammatory markers. monocyte has an inverse 
correlation with HbF, chemoattractant protein-1 
and platelet count in sickle cell anemia 

23
. 

In the present study HbA2 was (2.80±0.83%) 
which is near the upper standard limit. Study by 
Kang L et al.  recommended the reference range  
of HbA2 for pregnant ladies was significantly lower 
than other groups. Therefore, they suggested limit 
of HbA2 in pregnant ladies for α-thalassemia is 
2.3% 

24
. 

A study by Nijboer et al.   declare  direct  
association between Hb and PCV and between Hb 
and RBC count in general 

25
. 

Also Farid Y et al. found  a positive relation  
between haemoglobin and RBC count, which was 
slightly lower than the correlation between Hb and 
PCV 

26
 .  

Haemoglobin levels were positively correlated 
with PCV in males and females of all ages 

27
.  

  

CONCLUSIONS 
Adult hemoglobin positively associated with red 

blood cell count packed cell volume and 
reticulocyte count and negatively correlated with 
platelets count. Significant negative correlation of 
HbA1 with the HbA2 fetal hemoglobin higher in 
pregnant women and in those not taking iron it has 
negative association with monocyte. Increased 
expression of HbF in pregnancy. antenatal 
surveillance is suggested. 
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