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hematopoiesis, influencing red blood cell, white blood cell, and platelet production. This review
explores the role of these growth factors in pregnancy-related anemia, examining how they
regulate erythropoiesis and immune responses during pregnancy. The article also addresses the
therapeutic potential of these factors in managing anemia in pregnant women, highlighting their
possible use in cases where conventional treatments, such as iron supplementation, may be
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Introduction particularly erythropoietin (EPO), granulocyte-colony
stimulating factor (G-CSF), and thrombopoietin (TPO).
EPO, produced mainly by the kidneys, is the principal
growth factor involved in stimulating erythropoiesis. It
increases red blood cell production in response to
hypoxia or anemia. Similarly, G-CSF, which is involved in
the production of neutrophils, plays a significant role in
immune defense, and TPO, responsible for regulating
platelet production, may have implications in managing
complications related to pregnancy-related anemia,
such as preeclampsia.

Pregnancy-related anemia is a prevalent condition that
affects a significant proportion of pregnant women
globally, especially in developing regions. It is typically
characterized by a decrease in hemoglobin levels, which
can lead to impaired oxygen transport to both the
mother and fetus. Anemia during pregnancy is primarily
caused by iron deficiency, but other factors such as
folate or vitamin B12 deficiencies, genetic disorders,
and chronic conditions like malaria or sickle cell disease
also contribute to its onset. According to the World

Health Organization (WHO), anemia in pregnancy Despite the body’s compensatory mechanisms, such as
affects nearly 40% of women worldwide, making it a increased erythropoietin production in response to
major public health concern. This condition not only anemia, many pregnant women still experience
increases the risk of maternal fatigue, infection, and challenges in maintaining adequate hemoglobin levels
hemorrhage but also poses significant threats to fetal due to iron and other nutrient deficiencies. The
development, leading to adverse outcomes such as insufficient availability of iron, necessary for
preterm birth, low birth weight, and developmental hemoglobin synthesis, is a critical limitation to effective
delays. erythropoiesis. As a result, anemia becomes more

pronounced during pregnancy, particularly in the
second and third trimesters when fetal growth
accelerates and iron demand peaks. This condition is
further compounded by a lack of sufficient clinical
interventions tailored to address the underlying causes
of anemia and the role of hematopoietic growth factors
in erythropoiesis.
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Hematopoiesis, the process by which blood cells are
produced, plays a vital role in ensuring adequate red
blood cell levels during pregnancy. During pregnancy,
there is a marked increase in blood volume to meet the
growing oxygen demands of the fetus. Hematopoietic
growth factors are key regulators in this process,
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In response to anemia, the body’s production of
erythropoietin increases, but in cases of iron deficiency
or other underlying factors, the effectiveness of EPO
may be compromised. Furthermore, iron
supplementation, which is commonly prescribed to
pregnant women with anemia, does not always resolve
the issue, especially when iron absorption is impaired
or when there are concurrent deficiencies in other key
nutrients like folate and vitamin B12. Therefore,
understanding the physiological role of hematopoietic
growth factors in the regulation of anemia during
pregnancy is crucial for developing more effective
treatment strategies. This knowledge is particularly
important for women with complex or chronic anemia
who may not respond to standard iron supplementation
alone.

The therapeutic potential of hematopoietic growth
factors, particularly erythropoietin, has been studied in
the context of pregnancy-related anemia, with
promising results in some cases. Recombinant human
erythropoietin (rHuEPO) has been used to improve
hemoglobin levels and reduce the need for blood
transfusions in non-pregnant individuals with chronic
anemia. However, its application in pregnancy is more
restricted due to concerns regarding safety, including
the potential for adverse fetal outcomes and the risk of
maternal hypertension. Similarly, while G-CSF and TPO
have shown promise in other clinical settings, their
application in pregnancy-related anemia and associated
complications requires further investigation to ensure
safety and efficacy for both the mother and fetus.

Prevalence and Causes of Pregnancy-Related
Anemia

Pregnancy-related anemia is a widespread condition
affecting a significant proportion of pregnant women,
with global estimates indicating that approximately
40% of pregnant women are anemic. The prevalence
varies based on geographic location, socioeconomic
status, and access to healthcare, with higher rates
observed in low-income and developing countries.
According to the World Health Organization (WHO),
anemia during pregnancy remains a major public health
concern, contributing to maternal morbidity and
mortality. In some regions, such as sub-Saharan Africa
and South Asia, the prevalence of anemia in pregnancy
can be as high as 50-70%, while it is relatively lower in
high-income countries due to better access to prenatal
care and nutritional supplements.

The primary cause of pregnancy-related anemia is iron
deficiency, which accounts for up to 80% of cases
globally. During pregnancy, the demand for iron
increases due to the expansion of maternal blood
volume and the growth of the fetus and placenta. If this
increased iron demand is not met through diet or
supplementation, the body may not be able to produce
an adequate number of red blood cells, leading to
anemia. Other nutritional deficiencies, such as folate and
vitamin B12, can also contribute to anemia, particularly
in women with poor diets or those who do not take
prenatal vitamins. Folate and vitamin B12 are essential
for red blood cell production, and their deficiency can
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lead to megaloblastic anemia, a type of anemia
characterized by the production of abnormally large red
blood cells.

Apart from nutritional deficiencies, other causes of
pregnancy-related anemia include chronic diseases,
genetic conditions, and infections. For example, women
with conditions like sickle cell disease, thalassemia, or
autoimmune disorders are at an increased risk of
anemia during pregnancy due to their bodies' impaired
ability to produce normal red blood cells. Infections
such as malaria, which is prevalent in certain tropical
regions, can also contribute to anemia by destroying red
blood cells or impairing the body's ability to produce
them. Additionally, excessive blood loss during
pregnancy, such as in the case of hemorrhagic
conditions like placenta previa or placental abruption,
can lead to anemia. These various causes underscore the
complex and multifactorial nature of pregnancy-related
anemia and highlight the need for comprehensive
screening and management strategies to address the
condition.

Hematopoietic Growth Factors and Their Role
in Pregnancy-Related Anemia

Hematopoietic growth factors are essential regulators of
blood cell production, influencing the production of red
blood cells (erythropoiesis), white blood cells
(leukopoiesis), and platelets (thrombopoiesis). In
pregnancy, these factors play a crucial role in
maintaining optimal hematopoiesis to meet the
increased blood volume and oxygen demands required
by both the mother and fetus. Among the key
hematopoietic growth factors involved in pregnancy-
related anemia are erythropoietin (EPO), granulocyte-
colony stimulating factor (G-CSF), and thrombopoietin
(TPO). These growth factors support the production of
blood cells and help to address anemia during
pregnancy, particularly in cases where iron deficiency
or other nutritional deficiencies are the underlying
causes.

Erythropoietin (EPO) is the most prominent
hematopoietic growth factor involved in pregnancy-
related anemia. EPO is primarily produced by the
kidneys in response to hypoxia or reduced oxygen levels
in the blood. During pregnancy, the demand for oxygen
increases due to the growing fetus, and the mother's
body compensates by increasing EPO production to
stimulate the production of red blood cells. This
increase in red blood cell production helps to expand
the maternal blood volume to support fetal growth and
oxygen supply. However, in cases of iron deficiency
anemia, the effectiveness of EPO can be compromised,
as there may not be enough iron available for the
production of hemoglobin, which is necessary for red
blood cell function. Additionally, some studies suggest
that iron deficiency can suppress the bone marrow's
response to EPO, exacerbating anemia.

Granulocyte-Colony Stimulating Factor (G-CSF),
another hematopoietic growth factor, plays a pivotal
role in regulating the production of neutrophils, a type
of white blood cell important for immune defense.
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Although G-CSF is not directly involved in
erythropoiesis, it has been shown to have indirect
effects on anemia, particularly in situations where
anemia is accompanied by immune system dysfunction
or infection. Pregnant women, particularly those with
underlying conditions such as infections or immune
deficiencies, may experience an increased risk of
neutropenia (low neutrophil count), which can further
complicate anemia. G-CSF may help enhance neutrophil
production, reducing the risk of infections, and
improving overall immune health in pregnant women
with anemia, which in turn can support a healthier
pregnancy and reduce the potential for anemia-related
complications.

Thrombopoietin (TPO), a growth factor responsible
for regulating platelet production, may also be relevant
in the context of pregnancy-related anemia. TPO is
primarily produced by the liver and acts on the bone
marrow to stimulate the production of platelets, which
are critical for clotting and wound healing. In conditions
such as preeclampsia, where anemia is often
accompanied by platelet dysfunction, TPO may have
therapeutic potential in improving platelet counts and
mitigating bleeding risks. Additionally, some studies
suggest that TPO levels may be altered in pregnant
women with anemia, potentially affecting platelet
production and function. While thrombopoietin’s direct
role in pregnancy-related anemia remains less explored,
it is likely to be an important factor in regulating the
hematological changes that occur during pregnancy.

Therapeutic Applications of Hematopoietic
Growth Factors in Anemia Management

Hematopoietic growth factors, particularly
erythropoietin (EPO), granulocyte-colony stimulating
factor (G-CSF), and thrombopoietin (TPO), have been
extensively studied for their therapeutic potential in the
management of anemia, including pregnancy-related
anemia. These factors play pivotal roles in the
regulation of blood cell production, and their
therapeutic use aims to improve hematologic
parameters in patients with anemia, enhance immune
function, and support overall maternal and fetal health
during pregnancy. While their use remains somewhat
limited due to safety concerns, ongoing research is
exploring their role in enhancing the effectiveness of
anemia treatments, especially in complex or severe
cases.

Erythropoietin (EPO) has the most well-established
therapeutic application in anemia management,
particularly in non-pregnant populations with chronic
kidney disease, cancer, and other conditions that lead to
anemia. Recombinant human erythropoietin (rHuEPO)
has been used effectively to treat anemia by stimulating
erythropoiesis, thereby increasing red blood cell count
and improving oxygen delivery to tissues. In pregnancy-
related anemia, EPO therapy can be beneficial,
especially in cases of anemia that do not respond to iron
supplementation alone. This is particularly relevant in
pregnant women with anemia secondary to conditions
such as chronic renal disease or in women with
insufficient bone marrow response to iron
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supplementation. Studies have shown that rHuEPO can
help increase hemoglobin levels and reduce the need for
blood transfusions in such cases. However, the use of
EPO in pregnancy requires careful monitoring, as
excessive stimulation of erythropoiesis can lead to
adverse effects, including hypertension, preeclampsia,
and other complications.

Granulocyte-Colony Stimulating Factor (G-CSF) has a
more indirect role in the management of anemia,
particularly in cases complicated by infections or
immune system dysfunction. G-CSF is primarily used to
stimulate the production of neutrophils, a type of white
blood cell that is critical for immune defense. While it
does not directly influence red blood cell production, it
can be valuable in pregnant women with anemia who
are also at increased risk of infection or neutropenia.
Conditions such as autoimmune diseases, infections, or
chemotherapy-induced neutropenia may lead to an
elevated risk of infections and a compromised immune
system, which in turn can exacerbate anemia. G-CSF can
improve neutrophil counts, help control infections, and,
by maintaining a robust immune system, indirectly
contribute to better outcomes in anemia management.
However, the use of G-CSF during pregnancy is not well
established, and its safety and efficacy require further
investigation.

Thrombopoietin (TPO), which regulates platelet
production, has emerged as a therapeutic candidate in
conditions where anemia is associated with
thrombocytopenia (low platelet count) or platelet
dysfunction. Pregnancy-related anemia, particularly in
women with conditions like preeclampsia, can often be
accompanied by abnormal platelet levels, which may
contribute to bleeding complications or other adverse
outcomes. Although TPO’s primary role is in platelet
production, its potential application in managing
anemia-related thrombocytopenia has been explored in
clinical settings. TPO therapy has been shown to
increase  platelet counts in  patients  with
thrombocytopenia, and this therapeutic approach may
be beneficial in pregnant women at risk for bleeding due
to concurrent anemia. However, the use of TPO remains
largely experimental in pregnancy, with limited studies
on its safety and efficacy during gestation. More
research is needed to determine optimal dosing and
identify potential risks to both the mother and fetus.

In addition to individual growth factors, combinations of
these hematopoietic growth factors are also being
investigated for their potential to manage anemia more
effectively. For example, combining EPO with iron
supplementation or other hematopoietic agents may
enhance the body’s ability to produce red blood cells
and improve overall hematologic status in pregnant
women with anemia. This multi-faceted approach could
address multiple aspects of anemia, including iron
deficiency, impaired erythropoiesis, and immune
system dysfunction. However, the clinical application of
combined therapies requires careful consideration of
the risks and benefits, especially in pregnant women, as
the safety profile of many hematopoietic growth factors
has not been fully established in this population.
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Conclusion

Hematopoietic growth factors, particularly
erythropoietin (EPO), granulocyte-colony stimulating
factor (G-CSF), and thrombopoietin (TPO), offer
significant therapeutic potential for managing
pregnancy-related anemia. EPO, being the most well-
established among these factors, plays a crucial role in
stimulating red blood cell production, particularly in
cases where anemia is resistant to traditional iron
supplementation. Similarly, G-CSF and TPO, while
primarily involved in immune and platelet regulation,
may offer indirect benefits for pregnant women facing
anemia with concurrent immune or platelet
dysfunction. These growth factors, when used
appropriately, could enhance maternal and fetal health
by improving hematologic parameters, reducing the risk
of complications, and supporting immune function.

However, the application of hematopoietic growth
factors in pregnancy requires a careful balance of
benefits and risks. While these factors offer promising
therapeutic avenues, their use during pregnancy is still
under investigation, and much remains to be explored
regarding their safety profiles, optimal dosing, and long-
term effects on both the mother and fetus. The
combination of growth factors with other treatments,
such as iron supplementation, could further optimize
anemia management, but such approaches must be
personalized and carefully monitored. As research
continues to advance, hematopoietic growth factors
may become integral components of a more tailored and
effective strategy for managing pregnancy-related
anemia, particularly in high-risk populations.
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