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Abstract

Background: Female reproductive hormones exert systemic effects extending beyond reproductive
physiology to influence hematopoiesis, immune regulation, endothelial integrity, and haemostatic
balance. Cyclical and life-stage hormonal variations significantly alter haematological and
coagulation parameters.

Objective: To systematically review and synthesize evidence on the association between female
reproductive hormones and haematological and haemostatic indices, including mechanistic
pathways and clinical implications.

Methods: A systematic review of peer-reviewed literature was conducted using electronic databases
(PubMed, Scopus, ScienceDirect, and Google Scholar). Studies assessing associations between
oestrogen, progesterone, FSH, LH, prolactin and haematological (RBC indices, WBC counts, platelet
parameters) and haemostatic variables (coagulation factors, anticoagulant proteins, fibrinolysis
markers) were included. Mechanistic, observational, and interventional studies were synthesized
narratively.

Results: Oestrogen enhances erythropoiesis through upregulation of erythropoietin gene expression
and bone marrow responsiveness, increases hepatic synthesis of coagulation factors, reduces
anticoagulant activity, and modulates endothelial nitric oxide pathways. Progesterone influences
leukocyte distribution, promotes immune tolerance, and modulates platelet reactivity. Pregnancy
induces haemodilution, physiological anaemia, leukocytosis, gestational thrombocytopenia, and
marked hypercoagulability. Combined hormonal contraceptives increase thrombotic risk via
elevated fibrinogen, factor VII, and activated protein C resistance. Menopause is associated with
increased inflammatory markers, altered lipid profile, and prothrombotic tendency.

Conclusion: Female reproductive hormones significantly regulate haematological and haemostatic
systems through complex endocrine-hematologic interactions. Consideration of hormonal status
is essential in laboratory interpretation, thrombotic risk assessment, and clinical decision-making.

Keywords: Oestrogen; Progesterone; Haematology; Haemostasis; Coagulation; Pregnancy;
Menstrual Cycle; Hormonal Contraception

Introduction

The interaction between endocrine and hematologic systems represents a critical component
of female physiology. Reproductive hormones, particularly oestrogen and progesterone, exert
regulatory effects on erythropoiesis, leukocyte kinetics, platelet production, vascular endothelium,
and coagulation pathways [1]. These effects vary across the menstrual cycle, pregnancy, postpartum
period, and menopause.

Globally, thromboembolic disease remains a major contributor to maternal morbidity and
mortality [2]. Similarly, iron deficiency anaemia disproportionately affects women of reproductive
age due to menstrual blood loss and pregnancy demands [3]. Understanding hormone-driven
physiological variations is therefore essential for accurate diagnosis and risk stratification.
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Emerging molecular evidence demonstrates that oestrogen
receptors (ER-a and ER-f) are expressed in hematopoietic stem
cells and megakaryocytes, indicating direct endocrine-bone marrow
communication [4]. Progesterone receptors are also present on
immune cells, suggesting immunomodulatory influence [5]. This
systematic review synthesizes mechanistic and clinical evidence
linking female reproductive hormones with haematological and
haemostatic parameters.

Methodology

Search strategy: A structured search was performed
using combinations of keywords

“Oestrogen and Erythropoiesis”, “Progesterone and Coagulation”,
“Menstrual Cycle and Haematologic Parameters”, “Pregnancy and

Haemostasis”, “Oral Contraceptives and Thrombosis”.

Inclusion criteria

. Human studies (observational, cohort, case-control,

randomized trials)

o  Studies evaluating hormonal levels with hematologic or
coagulation parameters

«  English language publications
Exclusion criteria
o Case reports without laboratory correlation

o Non-human experimental models without translational
relevance
Data synthesis findings were grouped under

Erythropoiesis, leukopoiesis, thrombopoiesis,
fibrinolysis, and endothelial modulation.

coagulation,

Physiological Basis of Hormonal Regulation

Oestrogen

Oestrogen increases transcription of erythropoietin in renal
peritubular cells [6]. It enhances survival of erythroid progenitors and
reduces apoptosis via anti-oxidative pathways [7].

In the liver, oestrogen stimulates synthesis of fibrinogen and
clotting factors VII, VIIL, IX, and X [8]. It also reduces antithrombin
II and protein S activity, promoting a procoagulant state [9].
Endothelial cells exposed to oestrogen demonstrate increased nitric
oxide production, improved vasodilation, and altered expression of
adhesion molecules [10].

Progesterone

Progesterone modulates T-lymphocyte responses, shifting
immunity toward Th2 dominance during pregnancy [11]. Itinfluences
platelet membrane receptors and may reduce excessive aggregation in
certain phases of the menstrual cycle [12].

Gonadotropins and Prolactin, FSH and LH

These hormones indirectly influence hematologic parameters
via regulation of ovarian steroidogenesis [13]. Prolactin enhances
lymphocyte proliferation and cytokine release [14].

Effects on Erythrocyte Parameters

1. Menstrual Cycle Studies demonstrate modest cyclical variation
in haemoglobin, with lower levels during menstruation due to blood
loss [15]. Mid-cycle oestrogen peaks may enhance erythropoietic

drive.

2. Pregnancy Plasma volume expansion increases by 40-50%
by the third trimester, exceeding red cell mass expansion (20-
30%), leading to physiological anaemia of pregnancy [16]. Despite
haemodilution, erythropoietin levels are elevated [17].

3. Menopause Reduced oestrogen levels post-menopause
are associated with increased haematocrit and viscosity in some
populations, possibly contributing to cardiovascular risk [18].

Effects on Leukocyte Dynamics

Pregnancy induces leukocytosis, primarily neutrophilia, mediated
by hormonal and cortisol effects [19]. Progesterone supports immune
tolerance by suppressing cytotoxic T-cell activity [20].

Oestrogen influences B-cell maturation and antibody production
[21]. High oestrogen states are associated with increased susceptibility
to certain autoimmune conditions.

Effects on Platelets

Oestrogen stimulates megakaryocyte maturation and platelet
production [22]. Mean Platelet Volume (MPV) may vary during
menstrual phases.

Gestational thrombocytopenia occurs in  approximately
7-10% of pregnancies due to haemodilution and increased platelet

consumption [23].
Coagulation and Haemostatic Modulation

Pregnancy-induced hypercoagulability
Pregnancy increases fibrinogen levels by up to 50% and elevates

factors VII, VIIIL, IX, and X [24]. Protein S levels decrease, while
resistance to activated protein C increases [25].

Hormonal contraceptives

Combined oral contraceptives increase relative risk of venous
thromboembolism by 2-4 fold depending on oestrogen dose and
progestin type [26]. They elevate fibrinogen, prothrombin fragments,
and D-dimer levels.

Menopause and hormone replacement therapy

Postmenopausal women on hormone replacement therapy
exhibit increased thrombotic risk, particularly during the first year
of therapy [27].

Molecular Mechanisms

Oestrogen receptor activation in hematopoietic stem cells
influences differentiation pathways via STAT5 and MAPK signalling
[28]. Progesterone modulates NF-«B mediated inflammatory
pathways [29].

Endothelial expression of tissue factor is influenced by hormonal
milieu [30]. Reduced fibrinolysis during pregnancy is mediated by
elevated plasminogen activator inhibitor-1 and 2 (PAI-1, PAI-2) [31].

Clinical Implications

1. Interpretation of CBC in pregnancy requires trimester-specific
reference ranges.

2. Thrombotic risk assessment must consider contraceptive use.

3. Evaluation of anaemia in menstruating women must account
for cyclical variation.
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4. Hormone replacement therapy requires coagulation risk
screening.

Research Gaps
1. Limited African population data.

2. Need for longitudinal studies linking hormonal profiles with
haemostatic markers.

3. Genetic polymorphism influence on hormone-coagulation
interaction.

Conclusion

Female reproductive hormones exert significant regulatory
control over haematological and haemostatic systems. Through
genomic and non-genomic mechanisms, these hormones influence
erythropoiesis, immune modulation, platelet production, coagulation
factor synthesis, and fibrinolytic balance. Recognition of these
physiological interactions is essential in clinical, particularly in
pregnancy, contraceptive use, and menopause management.
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