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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.
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FfemaTonoriyHi NOKa3HMKU 34,0POBUX BariTHUX NPOTAroM TPbOX TPMMECTPIB rectauii NOPiBHAHO 3
HeBariTHUMM XiHKamMu
X. &. Kacum, P. M. Pawnpg, C. A. PaxmaH

Anemist € oiHi€io 3 MPo6IeM OXOPOHU 3I0POB’sl, 0COOJIMBO B KpaiHax, M0 PO3BUBAIOTHCs. Y BChOMY CBIiTi medinuT 3amiza €
OCHOBHOIO TIPUUMHOIO aHeMii, HacaMItepes Imi/1 9ac BariTHocTi. BariTHi HamexaTh 10 HaiOibII BPa3JIMBOI TPy HACEJICHHS B
Ipaxy.

Mema docnidxcenns: BU3HAYEHHS BIUIMBY BariTHOCTI HA FeMATOJIOTIYHI TApAMETPU Ta MOPIBHSIHHSI FeMATOJIOTIYHIX TOKA3HI-
KiB y Pi3HUX TepMiHax recraiiii 3 MOKasHUKaMU HeBariTHUX JKiHOK.

Mamepianu ma memoou. JlocnifKenHs BAKOHaHE IPOTATOM TPHOX MicAIB Ha 6asi JikapeHb Ta MeANYHUX 1eHTpiB Barmaana,
30KpeMa, barmaschKoi HaBYaIbHOI JTiKapHi, JikapHi Arb-Kapama Ta 1eHTpy oxopomu 310pos’st B Anb-/loppa Ta Anb-111aab,
nposiniis Barnan, — 3 1 Bepecus no 1 rpyans 2022 p. o nocuimskenss BritodeHo 60 saritHux mo 20 ocib y KoKHOMY Tpu-
MecTpi Ta 25 HeBariTHUX KiHOK (KOHTPOJIb) BikoM 18—35 pokiB. B ycix yuacHuIrh 0CaiKyBaIu TeMATOMOTTYHI MTOKA3HUKM:
reMoryi06is, epurpounTn, 06’eMm ynakosanux kiaitud (PCV), cepeaiit kopiyckyspuuii 06’em (MCV), cepeaniii Kopmycky-
asipauii remorsiobin (MCH), BumiproBasiu koHieHTpaiii remorsiobiny B epurpoiurax (MCHC) i BusHauasiu piBeHb 3a1iza y
KpoBi (cupoBaTkoBe 3a5i30 — S, 3arasbua 3amizo3s’sa3yBaibia 3xatuicts — TIBC, nacuuenns tpancdepunom — TS i cuposart-
koBuii peputun — SF).

Pe3yavmamu. Y cTaHOBJIEHO 3HAUYIIE 3HMKEHHS TeMaTOJIOTIYHNX TIOKa3HNKIB BariTHuX y | TpumecTpi recrartii mopiBHsaHO 3
HeBariTHUMU JKiHKaMK — reMoro6iny, eputporutis, PCV, MCH, MCHC. /Iunamika 3HUKEHHsI PiBHS 3a3HaYEHUX TapamMe-
TpiB nocuimoeTrbes y 11 Tpumectpi, a Takosk nmporpecusHo 3MmenIyetses y 111 tpumectpi, 1o npusBoanTh 10 aHeMii.
[Tounnatoun 3 I Tpumectpa i mpotsrom II ta III TpumecTpiB BusIBIeHO 3HIKEHHS PiBHS CHPOBATKOBOTO 3aJli3a, HACHYEHHS
TpaHchepruHOM i CMPOBATKOBOTO (hePUTHHY Y BaTiTHUX MOPiBHAHO 3 HeBariTHuMU, pote piserb TIBC 36imburyernes. Ipo-
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tarom 11 Tpumectpa orpeba y 3aisi mounHae 36iblIyBaTUCs i IPOLOBKYE 3pOCTaTh 10 KiHug BaritHocti. Kpim Toro, 1i pe-
3yJIbTATH JOCJiIKEHHS CBiYaTh PO 3HaYeHH: nedinuTy 3amisa y po3BUTKY 3asisonedinuTHoi aHeMii.

Bucnosexu. 11i1 yac BariTHOCTI BiZI3HAUAETHCS aHEMisl Ta 3HUKEHHS PiBHS IeIKUX TeMaTOJIOTIYHIX TTapaMeTPiB, sIKe MPOTrpecye
31 36IJIBIITIEHHAM TEPMiHy TecTallii Ta € MEHIITM II0/I0 TAKOTO Yy HEBATITHUX JKiHOK. Y CTaHOBJIECHO 3HMKECHHS PiBHS 3aisa y
cuposatii kposi 3 I 1o III TpumecTpa BaritHocTi. TsKKicTh aneMmii mos’s3ana 3 GaraTbma (hakTOpamMu, 0COOIUBO BiKOM, PiBHEM
OCBiTH, HU3bKUM piBHEM /IOXO/Ly, TUIIOM XapuyBaHHs Ta IapUTETOM.

Kantouosi cnosa: mpu mpumecmpu, 8azimmicmn, anemisi, 2eMamonozis.

pproximately 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 1*t 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 x108/um), 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 cm? of the
blood, and the result are printed.

Measurement of the biochemical tests such as: the lev-
el of serum iron (ST) estimated by method of E. Burtis and
E. Ashwood,1994 [8]. The reference value of ST 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)%, 2" 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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Comparison of blood parameters in the three trimesters of pregnancy and control (non-pregnant)

Table 1

Parameters Trmesters 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 (108/MM?) 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+5.11¢c 87.25+4.73a 1.15*
MCH (Pg) 31.69+4.55b 31.53+3.87¢ 30.90+3.21¢ 32.80+4.45a 1.10*
MCHC (g/dlI) 32.25+4.11b 31.24+4.34c 30.58+2.41d 32.77+4.45a 0.50*

Notes: all results are presented as mean+ SE value; * - significant at (P<0.05); **

raw are significant.

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 (BMT) 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) 10°/mm?® respectively compared with

— significant at (P<0.01); mean having different small letter in horizontal

value of control (3.90+0.65) 105/mm?. 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) {l
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-

Table 2

Comparison hetween indices of the iron status (SI,TIBC,TS and SF) in the three trimesters of pregnancy and control
(non-pregnant)

Trimesters
Parameters Control LSD
1st 2nd 3rd
Serum iron(Sl) pmol/L 8.18+0.88" 8.68+1.54° 7.87+0.32¢ 13.25+1.142 0.52**
TIBC (umol/L) 86.15+6.12¢ 82.34+7.81¢ 94.42+4.56° 76.34+6.677 3.71**
Transferrin
+ b + b + c + a *%
saturation(TS%) 10.15+0.88 10.69+1.34 8.96+1.32 17.89+1.55 1.12

Serum ferritin (Sf) ng/ml 18.33+1.18° 13.18+1.37¢ 12.68%1.35°¢ 34.38+2.882 5.11**

Notes: all results are presented as mean+ SE value; * - significant at (P<0.05); *

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 ST 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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