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ABSTRACT

Background and Objectives: The reproductive lifespan of a woman commences with the onset of menarche and concludes
with the onset of menopause. Throughout the course of pregnancy and in the postpartum phase, numerous physiological and
hematological alterations take place. The aim of this study was to examine the fluctuations in red blood cells (RBC) and
white blood cells (WBC) counts prior to and following a normal vaginal delivery. Materials & methods: In this hospital-
based prospective study, a total of 432 preghant women who were admitted to the labor room for delivery was included.
Blood samples were collected from these women upon their admission to the labor ward, as well as within a timeframe of 12
to 24 hours after the normal vaginal delivery. The estimation of cell counts was conducted using a automated hematology
analyzer. Results: The study revealed that the mean value of RBC count decreased on the first day of the postpartum period.
Regarding the WBC count, interestingly, on the first day of the puerperal period, this count increased significantly.
Conclusion: Cell counts exhibit variations not only during the pregnancy period but also during the puerperal phase. Any
significant deviations from the expected values in these cell counts may raise suspicions of underlying pathological
conditions. Therefore, careful monitoring and analysis of cell counts during these periods are important for identifying
potential health concerns.
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INTRODUCTION

The three trimesters of pregnancy encompass a wide
range of physiological changes that affect multiple
systems within the body. These changes include
alterations in the digestive system, nutrition,
metabolism, circulatory system, respiratory system,
integumentary system, as well as coagulation and
fibrinolysis. Numerous studies have elucidated these
changes, highlighting the comprehensive nature of the
adaptations required to support the developing fetus
and placenta.

During normal pregnancy, virtually all organ systems
undergo significant modifications to meet the
demands of the fetoplacental unit. These adaptations
are influenced by hormonal changes and result in both
subtle and substantial alterations in hematological
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parameters. A thorough comprehension of these
changes is crucial to ensure accurate diagnosis and
prevent both over diagnosis and under diagnosis of
abnormalities.

Understanding the intricate interplay between
hormonal factors and the hematological system is
essential.  This knowledge enables healthcare
professionals to effectively manage and monitor
hematological parameters throughout pregnancy and
the puerperium. By avoiding the pitfalls of over
diagnosing or under diagnosing abnormalities,
healthcare providers can ensure optimal care for
pregnant individuals and postpartum women.

The increase in red blood cell (RBC) mass during
pregnancy typically initiates at around 8 to 10 weeks
of gestation. With the administration of iron
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supplements, this RBC mass steadily rises, reaching
20% to 30% (250-450 ml) above the levels observed
in non-pregnant individuals by the end of pregnancy
[2, 3]. However, in women who do not take iron
supplements, the increase in red cell mass may be
limited to 15% to 20% [4]. It is worth noting that the
lifespan of erythrocytes, or red blood cells, is slightly
reduced during normal pregnancy [5].

During normal pregnancies, there is a significant
increase of approximately 50% in erythropoietin
levels. However, these levels can vary depending on
the presence of pregnancy complications [6]. The
elevated plasma erythropoietin  stimulates the
expansion of the red cell mass, contributing to the
increased oxygen requirements during pregnancy [7].
As a result, the mean corpuscular volume (MCV),
which indicates the size of red blood cells, decreases
throughout pregnancy. By the third trimester, the
average MCV ranges from 80 to 84 fl [8].

During pregnancy, there is an increase in the white
blood cell count (WBC) with a reference range
typically ranging from 6 x 10"9/L to 16 x 1079/L [9].
Within a few hours after delivery, healthy women
have been observed to have a WBC count ranging
from 9 x 10"9/L to 25 x 10"9/L [10]. However, by
four weeks post delivery, the WBC ranges typically
return to levels similar to those observed in healthy
non-pregnant women, which range from 4 x 1079/L to
10 x 1079/L. It is important to note that there have
been ongoing discussions and debates regarding the
normal ranges for the different types of white blood
cells [11].

The objective of this study was to assess the
fluctuations in red blood cell (RBC) and white blood
cell (WBC) counts before and after a normal vaginal

Table 1: Variation in RBC count in study population
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delivery. The study aimed to examine any changes in
these cell counts in relation to the childbirth process.

MATERIAL & METHODS

The study was conducted on a random sample of 432
pregnant females aged between 18 and 35 years who
were undergoing a normal vaginal delivery at a
tertiary care teaching hospital in Central India. Prior
to the study, informed consent was obtained from the
participants in their native language, ensuring that
they were fully aware of the study's purpose and
procedures. Furthermore, the study ensured adherence
to ethical guidelines [12, 13].

To collect the necessary data, approximately 5 cc of
blood samples were taken from each participant under
aseptic precautions. These samples were obtained
both during the participants’ admission to the labor
ward before delivery (pre delivery) and on the first
day after delivery (1st puerperal day). The estimation
of erythrocyte and leukocyte counts was performed
using a five-part automated hematology analyzer.

The data obtained from the study was analyzed by
calculating the mean and standard deviation of
descriptive statistics. To perform this analysis, the
data was entered into Microsoft Excel. To compare
the values before and after delivery, a paired t-test
was conducted. A p-value less than 0.05 were
considered significant.

RESULTS

Table 1 presents the mean and standard deviation of
the erythrocyte count during pre delivery and on the
1st puerperal day, along with the P-value obtained
from the paired t-test. The difference between these
two values was found to be statistically highly
significant (P < 0.05) [Figure 1].

Parameter

Before delivery
(Mean £ SD)

First postpartum day P
(Mean £ SD) Value

RBC count (millions/mm?®)

43+0.6

41+04 <0.05

Table 2 provides the mean and standard deviation of the leukocyte count during pre delivery and on the 1st
puerperal day, along with the corresponding P-value from the paired t-test. The difference between these two
values was found to be statistically highly significant (P < 0.05) [Figure 2].

Table 2: Variation in WBC count in study population

Parameter Before delivery | First postpartum day P
(Mean + SD) (Mean + SD) Value
WBC count (millions/mm®) | 12,611 + 3727 16,312 + 4124 <0.05
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Figure 1: Variation in RBC count
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DISCUSSION

The present study aimed to investigate the changes
in erythrocyte and leukocyte counts before and
after a normal vaginal delivery.

During pregnancy, there is a significant increase in
blood volume. Specifically, the volume of red
blood cells (RBCs) is increased by approximately
20-30%. This increase amounts to around 350 ml in
total. However, it is important to note that this rise
in blood volume is disproportionate, with the
plasma volume increasing to a greater extent than
the RBC volume. Consequently, a state of
hemodilution occurs during pregnancy [14].
Relative hemodilution during pregnancy offers
several advantages. Firstly, the diminished blood
viscosity resulting from the increased plasma

©2023Int. J. Life Sci. Biotechnol. Pharma. Res.

volume ensures optimal gaseous exchange between
the maternal and fetal circulations. This is further
facilitated by the lowered oxygen affinity of
maternal red blood cells observed during the latter
half of pregnancy. Secondly, relative hemodilution
provides protection for the mother against the
adverse effects of both supine and erect postures.
Lastly, it serves as a safeguard for the mother,
mitigating the adverse effects of blood loss that
may occur during delivery [15].

During pregnancy, the total blood volume increases
by approximately 1.5 liters in order to meet the
demands of the developing vascular bed and
compensate for blood loss that may occur during
delivery [16]. Within this increased blood volume,
approximately 1 liter is contained within the uterus
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and the maternal blood spaces of the placenta. It is
worth noting that in cases of multiple pregnancies
and iron-deficient states, the increase in blood
volume tends to be more pronounced. Around 10-
15% of plasma volume expansion occurs by 6-12
weeks of gestation, contributing to the overall
increase in blood volume during pregnancy [17,
18].

During pregnancy, there is an increase in plasma
renin activity, indicating the activation of the renin-
angiotensin-aldosterone system. However, levels of
a trial natriuretic peptide (ANP) tend to slightly
decrease. This suggests that the elevation in plasma
volume during pregnancy is not primarily due to
actual blood volume expansion, but rather a
response to an under filled vascular system
resulting from systemic vasodilation and increased
vascular capacitance. In a scenario of actual blood
volume expansion, the hormonal profile would
typically exhibit low plasma renin and elevated
ANP levels. Thus, the observed hormonal changes
during pregnancy support the concept of an
adaptive response to maintain adequate vascular
volume and perfusion [19, 20].

During pregnancy, the increase in red blood cell
mass is relatively less compared to the expansion of
plasma volume, resulting in dilutional anemia.
Hemoglobin levels typically decrease by 1-2 g/dL
in the late second trimester, stabilizing thereafter.
Women taking iron supplements have a more
proportionate increase in red blood cell mass,
leading to less pronounced changes in hemoglobin
levels. Red blood cell indices show minimal
alteration during pregnancy [21].

In the current investigation, the study population
exhibited a pre delivery red blood cell (RBC) count
of 43 £ 0.6 millions/cumm of blood. These
findings are consistent with Gebreweld's study
conducted in Addis Ababa, Ethiopia, which also
reported a pre delivery RBC count of 4.46 + 0.47
[22]. Similarly, Kumar RA's study on
hematological and hemodynamic changes during
the puerperium revealed comparable results, with a
pre delivery RBC count of 3.8 = 0.5 that decreased
to 3.3 £ 0.49 on the first postpartum day,
corroborating the observations made in our
investigation [23]. Moreover, a descriptive study
aiming to enhance the precision of visual
estimation of blood loss in vaginal deliveries
discovered a pre delivery RBC count of 3.8 £ 0.5
millions/cumm of blood, which subsequently
decreased to 3.3 + 0.49 millions/cumm of blood on
the first postpartum day. This study, which
involved a sample size of 250 women, standardized
the estimation process by employing mops of
similar sizes and a fixed container [24].

During pregnancy, there is an elevation in WBC
count, with the lower limit of the reference range
being 6000/cumm (8000/mm3) and potentially
rising to 20,000/cumm during labor. This increase
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in WBC count may be attributed to the elevated
levels of estrogen and cortisol, which are associated
with the physiological stress induced by pregnancy
[25]. Neutrophils are the predominant type of
leukocytes observed in the differential counts [26,
27]. During the first trimester of pregnancy, there is
a notable increase in absolute monocyte count,
which  subsequently decreases as gestation
progresses. Monocytes play a role in preventing
fetal allograft rejection by infiltrating the decidual
tissue, possibly through the immunosuppressive
effects mediated by PGE2. This infiltration
typically occurs between the 7th and 20th week of
gestation [28]. Additionally, the monocyte to
lymphocyte ratio is significantly increased during
pregnancy. However, the counts of eosinophils and
basophils do not undergo significant changes
throughout pregnancy [10].

According to the National Institute of Health, both
medication usage and stress can lead to an increase
in WBC count. When the body senses stress,
signals are sent to the brain indicating a problem
that needs attention. In response, the immune
system may become more active. This general
reaction typically occurs during acute or short-term
periods of stress [29].

Leukocytosis, an increase in WBC count, can occur
in response to various infectious, inflammatory,
and physiological processes, including stress and
exercise. This reaction involves the release or up
regulation of several molecules, such as growth or
survival ~ factors (e.g., granulocyte colony-
stimulating factor, granulocyte macrophage colony-
stimulating factor, and c-kit ligand), adhesion

molecules (e.g., CD11b/CD18), and various
cytokines  (e.g., interleukin-1, interleukin-3,
interleukin-6, interleukin-8, and tumor necrosis

factor) [30]. The mean white blood cell (WBC)
count showed a progressive increase from pre
delivery states, with values of 12,495.6 + 3663.5
cellssfcumm of blood, to 16,027 =+ 3985.4
cells’cumm of blood on the 1st postpartum day.
This finding aligns with similar studies conducted
by Eledo et al. (9000 + 1.1), Gebreweld (8220 +
2.6), Akinbami et al. (8310 + 4.1), Osonuga et al.
(8110 £ 4.1), and Ifeanyi et al. (7810 £ 1.7) [22, 31-
34].

CONCLUSION

The study revealed significant variations in
hematological parameters during both pregnancy
and the puerperal phase. These changes, driven by
hormonal influences, are crucial for a successful
reproductive process. Careful monitoring and
analysis of cell counts during these periods are
essential for identifying any deviations from the
expected values, which may indicate underlying
pathological conditions. This understanding is vital
to prevent both over diagnosing and under
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diagnosing

abnormalities in  pregnant and

postpartum women.

CONFLICTS OF INTEREST
None

SOURCE OF FUNDING
None

REFERENCES

1.

10.

11.

12.

13.

14.

Taylor DJ, Lind T. Red cell mass during and after
normal pregnancy. Br J Obstet Gynaecol. 1979;
86:364-70.

Metcalfe J, Stock MK, Barron DH. Maternal
physiology during gestation. In: Knobil K, Ewing L,
editors. The Physiology of Reproduction. New York:
Raven Press; 1988. p. 2145.

Pritchard JA. Changes in the blood volume during
pregnancy and delivery. Anesthesiology. 1965; 26:393-
9

Hytten FE, Lind T. Indices of cardiovascular function.
In: Hytten FE, Lind T, editors. Diagnostic Indices in
Pregnancy. Basel: Documenta Geigy; 1973.

Lurie S, Mamet Y. Red blood cell survival and kinetics
during pregnancy. Eur J Obstet Gynecol Reprod Biol.
2000; 93:185-92.

Harstad TW, Mason RA, Cox SM. Serum
erythropoietin quantitation in pregnancy using an
enzyme-linked immunoassay. Am J Perinatol. 1992;
9:233-5.

Milman N, Graudal N, Nielsen OJ, Agger AO. Serum
erythropoietin during normal pregnancy: Relationship
to hemoglobin and iron status markers and impact of
iron supplementation in a longitudinal, placebo-
controlled study on 118 women. Int J Hematol. 1997;
66:159-68.

Whittaker PG, Macphail S, Lind T. Serial hematologic
changes and pregnancy outcome. Obstet Gynecol.
1996; 88:33-9.

Milman N, Bergholt T, Byg KE, Eriksen L, Hvas AM.
Reference intervals for haematological variables during
normal pregnancy and postpartum in 434 healthy
Danish women. Eur J Haematol. 2007; 79:39-46.
Edelstam G, Lowbeer C, Kral G, Gustafsson SA,
Venge P. New reference values for routine blood
samples and human neutrophilic lipocalin during third-
trimester pregnancy. Scand J Clin Lab Invest. 2001;
61:583-92.

Valdimarsson H, Mulholland C, Fridriksdottir V,
Coleman DV. A longitudinal study of leucocyte blood
counts and lymphocyte responses in pregnancy: A
marked early increase of monocyte-lymphocyte ratio.
Clin Exp Immunol. 1983; 53:437-43.

Declaration of Helsinki: Ethical Principles for Medical
Research Involving Human Subjects. The World
Medical Association. 2008. https://www.wma.net/wp-
content/uploads/2016/11/DoH-Oct2008.pdf.

National Ethical Guidelines for Biomedical and Health
Research Involving Human Participants. Indian
Council of Medical Research. 2017.
https://ethics.ncdirindia.org/asset/pdf/ICMR_National _
Ethical_Guidelines.pdf

Cunningham FG, Leveno KJ, Bloom SL, Hauth JC,
Rouse DJ, Spong CY, editors. Williams Obstetrics.
23rd ed. United States of America: The McGraw-Hill
Companies; 2010. p. 649.

©2023Int. J. Life Sci. Biotechnol. Pharma. Res.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Online ISSN: 2250-3137| Print ISSN: 2977-0122

Dutta DC. Textbook of Obstetrics Including
Perinatology and Contraception. 7th ed. London:
Jaypee Brothers Medical Publishers (P) Ltd; 2013. p.
147.

Ramsay M. Normal haematological changes during
pregnancy and the puerperium. In: Pavord S, Hunt B,
editors. The Obstetric Haematology Manual.
Cambridge: Cambridge University Press; 2010. p. 1-
11.

Bjorksten B, Soderstrom T, Damber MG, von Schoultz
B, Stigbrand T. Polymorphonuclear leucocyte function
during pregnancy. Scand J Immunol. 1978;8:257-62.
Bernstein IM, Ziegler W, Badger GJ. Plasma volume
expansion in early pregnancy. J Obstet Gynecol. 2001;
97:669.

Barriga C, Rodriguez AB, Orega E. Increased
phagocytic activity of polymorphonuclear leucocytes
during pregnancy. Eur J Obstet Gynecol Reprod Biol.
1994; 57:43-6.

Ajzenberg N, Dreyfus M, Kaplan C, Yvart J, Weill B,
Tchernia G, et al Pregnancy-associated
thrombocytopenia revisited: Assessment and follow-up
of 50 cases. Blood. 1998; 92:4573-80.

Barriga C, Rodriguez AB, Orega E. Increased
phagocytic activity of polymorphonuclear leucocytes
during pregnancy. Eur J Obstet Gynecol Reprod Biol.
1994; 57:43-6.

Crocker IP, Baker PN, Fletcher J. Neutrophil function
in pregnancy and rheumatoid arthritis. Ann Rheum
Dis. 2000; 59:555-64.

Gebreweld A. Hematological Profile of Pregnant
Women at St. Paul’s Hospital Millennium Medical

College. Addis Ababa, Ethiopia: University of
Michigan; 2015.
Kumar RA. Haematological and Haemodynamic

Changes Around Puerperium, A Study of 200 Cases.
Karnataka: Rajiv Gandhi University of Health
Sciences; 2006.

Bellad MB, Laxmi BV, Goudar SS, Kumar A.
Standradized visual estimation of blood loss during
vaginal delivery with its correlation hematocrit changes
- A descriptive study. South Asian Fed Obstet Gynecol.
2009; 1:29-34.

Fleming AF. Hematological changes in pregnancy.
Clin Obstet Gynecol. 1975; 2:269.

Gatti L, Tenconi PM, Guarneri D, Bertulessi C, Ossola
MW, Bosco P, et al. Hemostatic parameters and
platelet activation by flow-cytometry in normal
pregnancy: A longitudinal study. Int J Clin Lab Res.
1994; 24:217-9.

Konijnenberg A, Stokkers EW, van der Post JA,
Schaap MC, Boer K, Bleker OP, et al. Extensive
platelet activation in preeclampsia compared with
normal pregnancy: Enhanced expression of cell
adhesion molecules. Am J Obstet Gynecol. 1997;
176:461-9.

Kline JA, Williams GW, Hernandez-Nino J. D-dimer
concentrations in normal pregnancy: New diagnostic
thresholds are needed. Clin Chem. 2005; 51:825-9.
Newell L. The Effect of Stress on White Blood Cells.
[Internet]. [Place unknown]: Copyright © 2016
Demand Media, Inc. Available from:
http://www.livestrong.com/article/167658-the-
effectsof-stress-on-white-blood-cells. [Last cited on
2016 Aug 24]; [Last updated 2010 July 06].

Inoue S. Leukocytosis: Background, pathophysiology.
Epidemiology. 2015; 10:1.

96



International Journal of Life Sciences Biotechnology and Pharma Research Vol. 12, No. 3, July- Sep 2023 Online ISSN: 2250-3137| Print ISSN: 2977-0122

32. Eledo BO, Buseri FI, Akhogba AOQO. Evaluation of
some haematological parameters among pregnant ljaw
women: An indigenous West African Tribe. J Health
Med Nur. 2015; 13:132-6.

33. Akinbami AA, Ajibola SO, Rabiu KA, Adewunmi AA,
Dosunmu AO, Adediran A, et al. Hematological profile

©2023Int. J. Life Sci. Biotechnol. Pharma. Res.

34.

of normal pregnant women in Lagos, Nigeria. Int J
Womens Health. 2013; 5:227-32.

Bhadane RS, Pange VN. Physiological Changes In
Haematological Parameters During Pregnancy Of
Human Being. Int J Curr Sci. 2023; 13(1):250-260.

97



