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Anemia is a public health problem, especially in developing countries. All over the world iron deficiency is the main cause 
of anemia, especially during pregnancy. Pregnant women belong to the most vulnerable population group in Iraq.
The objective: to determine the impact of pregnancy on hematological parameters and to compare the hematological indi-
cators in different periods of gestation with the indicators of non-pregnant women.
Materials and methods. The study was conducted over a three-month period at Baghdad hospitals and medical centers, 
including Baghdad Teaching Hospital, Al-Karam Hospital, and a health center in Al-Dorrah and Al-Shaab, Baghdad 
province, from September 1 to December 1, 2022. 60 pregnant women, 20 persons in each trimester, and 25 non-pregnant 
women (control) aged 18–35 years were included in the study. All participants were examined for hematological param-
eters: hemoglobin, erythrocytes, packed cell volume (PCV), mean corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), measured of the concentration of hemoglobin in red blood cells (MCHC) and determined the level of iron 
in the blood (serum iron – SI, total iron binding capacity – TIBC, transferrin saturation – TS and serum ferritin – SF).
Results. A significant decrease in the hematological indicators of pregnant women in the first trimester of pregnancy 
compared to non-pregnant women was established – hemoglobin, erythrocytes, PCV, MCH, MCHC. The dynamics of 
the decrease in the level of these parameters increases in the second trimester, and also progressively decreases in the 
third trimester, which leads to anemia.
Starting from the first trimester and during the second and third trimesters, a decrease in the level of serum iron, trans-
ferrin saturation and serum ferritin was found in pregnant women compared to non-pregnant women, but the level of 
TIBC increased. During the second trimester, the need for iron begins to increase and continues to growth until the end 
of pregnancy. In addition, these research results indicate the importance of iron deficiency in the development of iron 
deficiency anemia.
Conclusions. During pregnancy, anemia and a decrease in the level of some hematological parameters were determined, 
which progresses with increasing gestational age and is less compared to that in non-pregnant women. A decrease in the 
level of iron in the blood serum was established from the first to the third trimester of pregnancy. The severity of anemia 
is related to many factors, especially age, education level, low income, type of diet and parity.
Keywords: three trimesters, pregnancy, anemia, hematology.

Гематологічні показники здорових вагітних протягом трьох триместрів гестації порівняно з 
невагітними жінками
Х. Ф. Касим, Р. М. Рашид, С. А. Рахман

Анемія є однією з проблем охорони здоров’я, особливо в країнах, що розвиваються. У всьому світі дефіцит заліза є 
основною причиною анемії, насамперед під час вагітності. Вагітні належать до найбільш вразливої групи населення в 
Іраку.
Мета дослідження: визначення впливу вагітності на гематологічні параметри та порівняння гематологічних показни-
ків у різних термінах гестації з показниками невагітних жінок.
Матеріали та методи. Дослідження виконане протягом трьох місяців на базі лікарень та медичних центрів Багдада, 
зокрема, Багдадської навчальної лікарні, лікарні Аль-Карама та центру охорони здоров’я в Аль-Дорра та Аль-Шааб, 
провінція Багдад, – з 1 вересня по 1 грудня 2022 р. До дослідження включено 60 вагітних по 20 осіб у кожному три-
местрі та 25 невагітних жінок (контроль) віком 18–35 років. В усіх учасниць досліджували гематологічні показники: 
гемоглобін, еритроцити, об’єм упакованих клітин (PCV), середній корпускулярний об’єм (MCV), середній корпуску-
лярний гемоглобін (MCH), вимірювали концентрації гемоглобіну в еритроцитах (MCHC) і визначали рівень заліза у 
крові (сироваткове залізо – SI, загальна залізозв’язувальна здатність – TIBC, насичення трансферином – TS і сироват-
ковий феритин – SF). 
Результати. Установлено значуще зниження гематологічних показників  вагітних у І триместрі гестації порівняно з 
невагітними жінками – гемоглобіну, еритроцитів, PCV, MCH, MCHC. Динаміка зниження рівня зазначених параме-
трів посилюється у ІІ триместрі, а також прогресивно зменшується у ІІІ триместрі, що призводить до анемії. 
Починаючи з І триместра і протягом ІІ та ІІІ триместрів виявлено  зниження рівня сироваткового заліза, насичення 
трансферином і сироваткового феритину у вагітних порівняно з невагітними, проте рівень TIBC збільшується. Про-
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тягом ІІ триместра потреба у залізі починає збільшуватися і продовжує зростати до кінця вагітності. Крім того, ці ре-
зультати дослідження свідчать про значення дефіциту заліза у розвитку залізодефіцитної анемії.
Висновки. Під час вагітності відзначається анемія та зниження рівня деяких гематологічних параметрів, яке прогресує 
зі збільшенням терміну гестації та є меншим щодо такого у  невагітних жінок. Установлено зниження рівня заліза у 
сироватці крові з І до ІІІ триместра вагітності. Тяжкість анемії пов’язана з багатьма факторами, особливо віком, рівнем 
освіти, низьким рівнем доходу, типом харчування та паритетом.
Ключові слова: три триместри, вагітність, анемія, гематологія.

Approximately 1.62 billion people worldwide – or 
24.8% of the world’s population – are affected by ane-

mia. The groups with the highest rates of anemia preva-
lence include pregnant women (41.8%) and preschoolers 
(47.4%). Pregnancy-related anemia is quite common, even 
in industrialized nations (between 30 and 40%) [1]. The 
body changes dramatically during the first trimester. Hor-
monal changes have an impact on almost every organ sys-
tem in the body. These changes can cause symptoms even 
in the early stages of pregnancy. 

Pregnant women had significantly lower hemoglobulin 
levels and hematocrit values than non-pregnant women 
[2]. Pregnancy-related anemia is most commonly caused 
by iron shortage. Anemia’s onset and course are influenced 
by a person’s iron reserves. Additionally, an individual’s 
final iron status and the onset of anemia are influenced 
by a number of factors, including age, dietary status, iron 
absorption, and iron loss [3]. Pregnancy-related anemia 
might have detrimental effects. The illness carries a risk of 
difficulties for both the mother and the fetus [4]. Causes 
of anemia are inclusive of nutritional deficiencies, genetic 
factors, and infectious agents. Therefore; deficiency of iron 
is perhaps the greatest and significant due to physiological 
changes related to pregnancy, that lead to a demand for 
extra iron that is required for fetus transfer [5]. 

Pregnant women with anemia have a twice as high risk 
of premature births as pregnant women without anemia 
[6]. Anemia during pregnancy has been shown in numer-
ous studies to be a separate risk factor for premature de-
livery [7].

The current study aimed to determine the impact of 
pregnancy on hematological parameters and to compare 
hematological parameters at various stages of pregnancy 
with non-pregnant women’s parameters (control).

MATERIALS AND METHODS
This work was completed in the Baghdad province for 

three months, including many Baghdad hospitals and health 
centers. including Baghdad teaching hospital, Al-Karama 
hospital and a health center in Al-Dorra and Al-Shaab dur-
ing 1st September until 1 December 2022 in this research 60 
pregnant women (20 in each trimester) between the ages 
of (18–35) years was selected from antenatal clinic. 25 non 
-pregnant age matched women used as control. 

Included questionnaire for each pregnant: age, the date 
of the last menstrual period. It has been excluded from this 
study who had vaginal bleeding in the current pregnancy, 
diabetes mellitus, hemolytic disease, chronic hematologi-
cal diseases and infected with the pressure, cardiac or liver 
diseases. 

5 ml of venous blood was collected from each pregnant 
( in the first trimester blood was collected in the sixth 
week, the second trimester in the nineteenth week and 

third trimester the thirty-fifth week) and nonpregnant 
women (control), under aseptic condition and were di-
vided blood into two parts contain per part 2.5 ml. 

The first part of the blood is placed in a tube contain-
ing an anticoagulant substance (EDTA), and the second 
part is taken for blood tests. The second part of the blood 
is placed in a tube that does not contain an anticoagulant, 
then placed in a centrifuge at a speed of 3000 rpm to ob-
tain serum, serum is stored at -20c, and biochemical tests 
are performed.

Calculated complete blood count (CBC) which 
included measurement of hemoglobin blood (Hb/
dl),red blood cells (RBCs ×106/µm), packed cell vol-
ume (PCV%), mean corpuscular volume (MCV fl), 
mean corpuscular hemoglobin (MCH pg.) and mean 
corpuscular hemoglobin concentration (MCHC g/dl) 
by device (HORIBA) and using solution processed by 
the company, the inserted blood samples found in the 
EDTA tube in the device that withdraw 0.5 cm3 of the 
blood, and the result are printed.

Measurement of the biochemical tests such as: the lev-
el of serum iron (SI) estimated by method of E. Burtis and 
E. Ashwood,1994 [8]. The reference value of SI in female 
9–30.4 M mol/Ls measurement of Transferrin saturation 
(Ts) and total iron binding capacity (TIBC)by method 
of A. Gowenlock et al., 1988 [9]. Normal value of TIBC 
(44.5–73.5 M mol) and Ts (15–25%). The level of serum 
ferritin by P. Aisen,1990 [10] Normal value in women 
(20–200 ng/ml).

Statistical Analysis System SAS (2012), according to 
[11], used analysis of variance one way (ANOVA) to mea-
sure the effect of groups in study parameters, and the least 
significant difference (LSD) test was used to compare 
means in this study.

RESULTS AND DISCUSSION
Table 1 shows the hematological parameters accord-

ing to the three trimesters of pregnancy and control 
(non-pregnant).Hemoglobin value in first trimester was 
(10.87±0.78) g/dl, Second trimester (9.90±0.66) g/dl 
and third trimester was (9.64±0.33) g/dl that decreased 
significantly (P<0.01) in comparison with the con-
trol (12.79±1.68) g/dl. On the other hand, Hematocrit 
(PCV%) was highly significant decreased (P<0.01) in 
1st trimester (33.71±3.63)%, 2nd trimester (31.69±2.21)% 
and third trimester (31.52±3.56)% compared with control 
(39.12±5.61)%.

The current study’s findings agreed with those re-
corded by C. Breymann et al., 2017 who discovered the 
decrease in the Hb, hematocrit and RBC count, presum-
ably because of hem dilution of plasma effect [12]. The in-
creased volume of plasma is primarily due to a hormonal 
effect, as both aldosterone and estrogen, which have been 
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greatly increased during pregnancy, cause enhanced fluid 
retention by the kidney. Furthermore, the bone marrow 
becomes more active and produces more red blood cells to 
compensate for the increased fluid volume. 

As a result, at the time of the body’s birth, the moth-
er’s circulatory system contains 1 to 2 liters of extra 
blood [13]. Many hormonal changes occur during preg-
nancy to ensure adequate blood flow from the maternal 
to the fetal unit [14]. Because of plasma volume expan-
sion, hemoglobin concentrations may fall by 5 g/L dur-
ing pregnancy [15].

The World Health Organization presently suggests 
Hb cutoffs, which vary depending on the trimester of 
pregnancy and should be defined as follows: <110 g/L in 
the first trimester, <105 g/L in the second trimester, and 
<110 g/L in the third trimester [16]. Hemoglobin and 
body mass index (BMI) are positively correlated; ethnici-
ty influences hemoglobinopathy traits; and socioeconomic 
hardship is more likely to be associated with inadequate 
nutrition and/or co-occurring chronic illness, both of 
which are anemia risk factors [17]. 

The most important cause of hemoglobin lowering in 
pregnant females is relative hemodilution due to plasma 
expansion by 30–50% [18]. Iron deficiency, in addition to 
plasma expansion, can play a significant role in lowering 
hemoglobin concentrations, making them more likely to 
develop anemia [3].

Table 1 shows RBC has a highly significant different 
(P<0.01) were found decrease in the mean value of RBC 
in first, second and third trimesters (3.43±0.36,3.14±0.52 
and 3.12±0.35) 106/mm3 respectively compared with 

value of control (3.90±0.65) 106/mm3. These findings 
corroborate previous research., which found that a physi-
ological decrease in Hb concentration occurs due to he-
modilution and an assumed decrease in erythrocyte life 
span and result from increased plasma volume combined 
with inadequate iron intake [19] [2]. But, WBC count 
increased this could be due to the fetus’s body develop-
ing immunity [2].

This finding is consistent with a study conducted in Ni-
geria, which found that the PCV value of pregnant women 
was (31.72±4.30), indicating anemia, which leads to a de-
crease in blood Hb and PCV values in pregnant women, 
resulting in an increase in plasma and a decrease in RBC 
[20].The MCV value in third trimester (83.17±5.11) fl 
was significantly lower than first (84.95±4.82) fl second 
(83.75±4.33 fl) trimesters and control (87.25±4.73) fl.
While the MCHand MCHC values were significantly 
(P<0.05) higher in first trimesters (31.69±4.55) Pg 
and (32.25±4.11) g/dl respectively, than second 
(31.53±3.87) Pg and (31.24±4.34) g/dl respectively, and 
third trimester (30.90±3.21) Pg and (30.58±2.41) g/dl re-
spectively. 

Although the MCH and MCHC in control 
(32.80±4.45) Pg and (32.77±4.45) g/dl respectively in-
creased significantly (P<0.05) compared with three tri-
mesters. The current study showed increased value of 
MCV, MCH and MCHC for control were agreement with 
[20]. In Kirkuk and [21] done in India, they came to that 
MCH is depend upon Hb. 

Table 2 Shows a highly significant, increase (P<0.01) 
in SI, TS and SF of three trimesters compared with con-

Parameters
Trimesters

Control LSD value
1st 2nd 3rd

Hb (g/dl) 10.87±0.78b 9.90±0.66b 9.64±0.33b 12.79±1.68a 1.51**

RBC (106/MM3) 3.43±0.36b 3.14±0.52b 3.12±0.35b 5.90±0.65a 0.50**

PCV % 33.71±3.63b 31.69±2.21b 31.52±3.56b 39.12±5.61a 3.52**

MCV (fl) 84.95±4.82b 83.75±4.33c 83.17±5.11c 87.25±4.73a 1.15*

MCH (Pg) 31.69±4.55b 31.53±3.87c 30.90±3.21c 32.80±4.45a 1.10*

MCHC (g/dl) 32.25±4.11b 31.24±4.34c 30.58±2.41d 32.77±4.45a 0.50*

Table 1
Comparison of blood parameters in the three trimesters of pregnancy and control (non-pregnant)

Notes: all results are presented as mean± SE value; * – significant at (P<0.05); ** – significant at (P<0.01); mean having different small letter in horizontal 
raw are significant.

Parameters
Trimesters

Control LSD
1st 2nd 3rd

Serum iron(SI) µmol/L 8.18±0.88b 8.68±1.54b 7.87±0.32c 13.25±1.14a 0.52**

TIBC (µmol/L) 86.15±6.12c 82.34±7.81d 94.42±4.56b 76.34±6.67a 3.71**

Transferrin 
saturation(TS%)

10.15±0.88b 10.69±1.34b 8.96±1.32c 17.89±1.55a 1.12**

Serum ferritin (Sf) ng/ml 18.33±1.18b 13.18±1.37c 12.68±1.35c 34.38±2.88a 5.11**

Table 2
Comparison between indices of the iron status (SI,TIBC,TS and SF) in the three trimesters of pregnancy and control 

(non-pregnant)

Notes: all results are presented as mean± SE value; * – significant at (P<0.05); ** – significant at (P<0.01); mean having different small letter in horizontal 
raw are significant.
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trol, on the other hand TIBC was highly significant de-
creased (P<0.01) in control (76.34±6.67) M mol/L com-
pared with first, second and third trimesters (86.15±6.12, 
82.34±7.81 and 94.42±4.56) M mol/L resp.

Iron deficiency anemia during pregnancy is a very 
common and preventable problem due to the expansion 
of plasma volume without the normal expansion of ma-
ternal hemoglobin mass [22]. Ferritin is the most often 
used index since it is essential to ascertain the body’s 
iron status throughout pregnancy and the most useful 
and accurate screening test for iron buildup during preg-
nancy is serum ferritin (SF), which has been advised as 
the screening test [23].

Because of the increased iron consumption in the 
maternal red blood cell mass, SF concentration began to 
clearly decrease between 12 and 24 weeks of pregnancy 
[24]. This is consistent with the findings of our research. 
The obvious drop in the TS with iron, as well as the small 
size of the RBC, all indicate a lack of iron [25].

These results are in line with those of [26], In Nigeria, 
who demonstrated that the SI was lower in the first trimes-
ter than the second. Moreover. Additionally, demonstrated 
a decrease in the SI, SF, and SF highly significant (P 0.01) 
in the third trimester compared to the control group, which 
is similar with the findings of our study. However, accord-
ing to [27], the average iron intake was less than 60%, sug-
gesting that rather than food hardship or disease, the sig-
nificant prevalence of anemia was most likely caused by 
inadequate iron intake and poor dietary practices. 

The causes of maternal anemia during pregnancy 
should therefore be further investigated. Additionally, 
Al-Mehaisen noted a prevalence of anemia of 49.4% in the 
third trimester in Jordan, which may have been brought 
on by the period’s increased need for micronutrients in 
the setting of unhealthful eating practices. It is generally 
known that throughout the second and third trimesters of 
pregnancy, maternal iron reserves decrease[28]. The ma-
jority of iron transfer from mother to fetus happens at this 
time, which coincides to the maximal efficiency of mater-
nal iron absorption [18].

CONCLUSIONS
The results of the study showed a strong effect of 

pregnancy on the pregnant woman, as anemia increased 
with its progression in the months of pregnancy, as well as 
the rest of the blood analyzes, compared to non-pregnant 
women, and this was accompanied by a decrease in the 
status of iron in the serum from the first trimester until 
the third trimester. Severity of anemia is related to many 
factors especially age, educational level, low income, nu-
trients, and parity.

Recommendation 
All pregnant women should receive an intervention to 

increase their intake of iron-rich foods and iron supple-
ments. More research is needed because anemia during 
pregnancy is a serious condition that increases morbidity 
and motility. 
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