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Abstract:

Hemoglobin concentration undergoes dynamic and highly individualized changes throughout pregnancy, reflecting complex
physiological adaptations alongside potential pathological processes. Traditionally, gestational declines in hemoglobin have
been attributed primarily to plasma volume expansion and considered a normal feature of pregnancy. However, accumulating
evidence indicates that deviations from expected hemoglobin trajectories—whether excessively low, persistently depressed, or
unusually high—may serve as early markers of maternal risk. This narrative review examines the physiological basis of
hemoglobin changes across pregnancy, with emphasis on trimester-specific patterns, erythropoietic responses, and iron
metabolism. It further explores key determinants of hemoglobin variability, including nutritional status, infection,
inflammation, genetic factors, and socioeconomic context. Importantly, the review highlights emerging data linking abnormal
hemoglobin trajectories to adverse maternal and perinatal outcomes such as preeclampsia, preterm birth, fetal growth
restriction, and maternal morbidity. By shifting focus from single time-point hemoglobin measurements to longitudinal
patterns, this review underscores the clinical and public health relevance of dynamic hemoglobin monitoring. A trajectory-
based approach may improve early risk stratification, guide targeted interventions, and inform the refinement of gestational
hemoglobin reference ranges to optimize maternal and fetal health outcomes.
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Introduction

Hemoglobin concentration is a fundamental hematological parameter
routinely assessed during antenatal care and serves as a primary tool for
screening anemia in pregnancy [1-2]. Its clinical relevance extends beyond
simple oxygen transport, reflecting the integrated effects of plasma volume
regulation, erythropoiesis, iron metabolism, and systemic health. Pregnancy
induces profound physiological changes in the maternal hematologic system,
resulting in dynamic rather than static hemoglobin values across gestation.
Consequently, interpretation of hemoglobin concentration in pregnancy
requires careful consideration of gestational age and underlying maternal
factors [3-5]. Traditionally, reductions in hemoglobin concentration during
pregnancy have been regarded as a normal physiological phenomenon,
largely attributed to plasma volume expansion that exceeds the increase in
red blood cell mass. This process, often termed physiological hemodilution,
is considered beneficial, as it improves uteroplacental perfusion, reduces
blood viscosity, and provides a protective circulatory reserve for parturition.

Based on this paradigm, gestational anemia has commonly been defined
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using fixed hemoglobin thresholds, with limited emphasis on temporal
patterns or individual variability [6-7].

However, growing evidence from longitudinal cohorts and population-based
studies challenges the adequacy of this simplified interpretation.
Hemoglobin trajectories during pregnancy exhibit substantial interindividual
and interpopulation variability, influenced by nutritional status, iron
availability, inflammation, infection, genetic factors, and access to quality
antenatal care [8-10]. Importantly, deviations from expected hemoglobin
patterns—such as early pregnancy anemia, steep mid-gestational declines,
failure of late gestational recovery, or persistently elevated hemoglobin
levels—have been associated with adverse maternal and perinatal outcomes.
These findings suggest that hemoglobin concentration may function not only
as a marker of physiological adaptation but also as an early indicator of
maternal risk [11-13]. In this context, there is increasing interest in moving
beyond single time-point hemoglobin measurements toward a dynamic,
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trajectory-based approach to assessment. Such an approach has the potential
to enhance early risk stratification, guide targeted interventions, and improve
pregnancy outcomes, particularly in settings with a high burden of anemia
and limited diagnostic resources. This narrative review aims to synthesize
current evidence on the dynamic trajectories of hemoglobin concentration
across pregnancy, critically examining the balance between physiological
adaptation and pathological change, and exploring the clinical and public
health implications of longitudinal hemoglobin monitoring [14-15].

Physiological Basis of Hemoglobin Changes in Pregnancy

Hemoglobin concentration in pregnancy is determined by the dynamic
interaction between plasma volume expansion, red blood cell mass accretion,
erythropoietic regulation, and iron metabolism. These physiological
adaptations are essential to meet the increased metabolic and oxygen
demands of the growing fetus while maintaining maternal cardiovascular
stability. Understanding these mechanisms is critical for distinguishing
normal gestational changes from pathological alterations in hemoglobin
concentration [16]. One of the earliest and most prominent hematological
adaptations in pregnancy is plasma volume expansion. This process begins
in the first trimester, accelerates during the second trimester, and typically
reaches its peak by the late second or early third trimester. Overall, plasma
volume may increase by approximately 40-50% above pre-pregnancy levels.
In contrast, red blood cell mass increases more modestly, by about 20-30%
in iron-replete women. The resulting imbalance leads to a dilutional
reduction in hemoglobin concentration, commonly referred to as the
physiological anemia of pregnancy [17].

This hemodilution is not a maladaptive process. Rather, it confers several
physiological advantages, including reduced blood viscosity, improved
uteroplacental blood flow, and the establishment of a circulatory reserve that
protects the mother against the hemodynamic stress of labor and potential
blood loss at delivery. Consequently, moderate declines in hemoglobin
concentration, particularly during mid-pregnancy, are generally considered
a normal and beneficial adaptation [18]. Pregnancy is associated with
increased erythropoietic activity driven by elevated levels of erythropoietin,
a hormone produced primarily by the kidneys in response to increased
oxygen demand. This enhanced erythropoiesis supports the expansion of
maternal red blood cell mass, which is necessary to compensate, at least
partially, for plasma volume expansion and to ensure adequate oxygen
delivery to maternal tissues and the developing fetus [19].

The efficiency of this erythropoietic response is highly dependent on iron
availability. In women with sufficient iron stores, red blood cell mass
expansion proceeds effectively, moderating the degree of hemoglobin
decline. Conversely, in iron-deficient states, erythropoiesis is impaired,
leading to a more pronounced and potentially pathological reduction in
hemoglobin concentration [20]. Iron metabolism undergoes significant
modulation during pregnancy. Total iron requirements increase
substantially, particularly in the second and third trimesters, to support
maternal erythropoiesis, placental development, and fetal iron accretion.
These requirements often exceed what can be met through dietary intake
alone, especially in settings with limited access to iron-rich foods or
supplementation [21]. Physiological adaptations, including increased
intestinal iron absorption and mobilization of iron stores, attempt to meet
these heightened demands. However, when iron intake or absorption is
inadequate, or when iron losses are increased, iron deficiency may develop
or worsen, contributing to pathological anemia [22].

Pregnancy-related hormonal changes, including elevated levels of estrogen
and progesterone, play a role in regulating plasma volume expansion and
erythropoiesis. Additionally, inflammatory processes—whether pregnancy-
related or due to concurrent infection or chronic disease—can influence
hemoglobin concentration through the hepcidin-mediated sequestration of
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iron. Elevated hepcidin levels reduce iron absorption and limit iron
availability for erythropoiesis, potentially exacerbating gestational anemia
[23]. While declining hemoglobin concentration is a normal feature of
pregnancy, the extent, timing, and pattern of change are critical. Excessive
declines, early onset anemia, or failure of hemoglobin recovery in late
pregnancy may indicate underlying pathology rather than physiological
adaptation. Therefore, an understanding of the physiological basis of
hemoglobin changes provides a necessary framework for interpreting
hemoglobin trajectories and identifying women at increased risk of adverse
pregnancy outcomes [24].

Trimester-Specific Hemoglobin Trajectories

Hemoglobin concentration follows a characteristic but highly variable
pattern across the three trimesters of pregnancy. These trimester-specific
trajectories reflect the timing and magnitude of plasma volume expansion,
erythropoietic response, and iron availability. Appreciating these patterns is
essential for distinguishing physiological adaptation from pathological
deviation and for interpreting hemoglobin values in clinical and public health
contexts (Table 1).

First Trimester: Baseline Status and Early Adaptation

During the first trimester, hemoglobin concentration largely reflects the
woman’s pre-pregnancy hematologic and nutritional status. Although
plasma volume expansion begins early in gestation, its magnitude is
relatively modest at this stage, and hemoglobin levels typically remain stable
or show only a slight decline. Consequently, low hemoglobin concentrations
detected in the first trimester are more likely to indicate pre-existing anemia,
iron deficiency, chronic inflammatory conditions, or inherited hematologic
disorders rather than physiological hemodilution [25]. Early pregnancy
anemia has been consistently associated with adverse maternal and fetal
outcomes, including increased risk of preterm birth and low birth weight.
Therefore, hemoglobin measurements in the first trimester provide a critical
opportunity for early risk identification and timely intervention.

Second Trimester: Peak Hemodilution and Hemoglobin Nadir

The second trimester is characterized by the most pronounced decline in
hemoglobin concentration. This period coincides with rapid plasma volume
expansion, which typically outpaces the increase in red blood cell mass
despite heightened erythropoietic activity. As a result, hemoglobin
concentration reaches its physiological nadir during mid-gestation [26]. This
decline is often interpreted as a normal adaptation; however, the degree of
hemoglobin reduction varies widely among individuals. Women with
adequate iron stores and effective erythropoietic responses tend to
experience moderate, transient declines, whereas those with iron deficiency,
poor nutritional status, or concurrent infections may develop more severe
anemia. Importantly, excessively low hemoglobin levels during the second
trimester have been linked to adverse outcomes such as preterm delivery and
impaired fetal growth, underscoring the need to differentiate physiological
from pathological changes [27].

Third Trimester: Stabilization or Partial Recovery

In the third trimester, plasma volume expansion begins to plateau, while
erythropoiesis continues in response to sustained oxygen demands and, in
many cases, iron supplementation. As a result, hemoglobin concentration
often stabilizes or shows a modest increase toward term. This partial
recovery is considered a favorable trajectory and suggests adequate iron
availability and effective hematologic adaptation [28]. Failure of
hemoglobin concentration to stabilize or recover in late pregnancy may
indicate persistent iron deficiency, ongoing inflammation, occult blood loss,
or poor adherence to supplementation. Conversely, unusually high
hemoglobin levels in the third trimester may reflect inadequate plasma
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volume expansion and have been associated with hypertensive disorders of
pregnancy, placental insufficiency, and fetal growth restriction [28].
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Trimester Hemoglobin Physiological Basis Clinical Significance / Risk Indicators
Pattern

First Stable or slight Early plasma volume expansion; baseline Low hemoglobin may indicate pre-existing anemia, iron

Trimester decline maternal hemoglobin largely reflects pre- deficiency, or chronic disease; early intervention critical
pregnancy status

Second Pronounced decline | Rapid plasma volume expansion outpaces Excessive decline may signal iron deficiency, poor

Trimester (hemoglobin nadir) | red cell mass increase (physiological nutrition, infection, or inflammation; associated with
hemodilution); increased erythropoietic preterm birth, low birth weight
demand

Third Stabilization or Plasma volume plateaus; continued Failure to recover suggests persistent anemia or ongoing

Trimester modest recovery erythropoiesis; partial recovery with pathology; unusually high hemoglobin may indicate
adequate iron and supplementation inadequate plasma expansion, risk for preeclampsia or

fetal growth restriction

Table 1: Trimester-Specific Hemoglobin Trajectories During Pregnancy

Clinical Significance of Trimester-Specific Patterns

Taken together, trimester-specific hemoglobin trajectories provide more
clinically meaningful information than isolated measurements. Early low
hemoglobin, excessive mid-gestational decline, lack of late gestational
recovery, or persistently elevated hemoglobin levels may each signal distinct
pathophysiological processes and maternal risks. Incorporating gestational
age-specific interpretation into routine antenatal care may enhance early
detection of at-risk pregnancies and improve maternal and perinatal
outcomes [28].

Determinants of Hemoglobin Variability in Pregnancy

Hemoglobin trajectories during pregnancy exhibit substantial variability
across individuals and populations. This heterogeneity reflects the
interaction of biological, nutritional, environmental, and health system-—
related factors that influence plasma volume expansion, erythropoiesis, and
iron metabolism (Table 2).

Maternal Nutritional Status and Iron Intake

Maternal nutritional status is a primary determinant of hemoglobin
concentration in pregnancy. Adequate dietary intake of iron, folate, vitamin
B2, and protein is critical for effective erythropoiesis. Women who enter
pregnancy with depleted iron stores are particularly vulnerable to gestational
anemia, as pregnancy-related iron requirements increase substantially,
especially in the second and third trimesters. Poor dietary diversity, food
insecurity, and limited access to iron supplementation further exacerbate
hemoglobin decline, particularly in low- and middle-income settings [29].

Iron Absorption, Inflammation, and Hepcidin Regulation

Iron absorption and utilization are tightly regulated by hepcidin, a hepatic
hormone that controls intestinal iron uptake and iron release from stores.
Inflammatory states, whether due to pregnancy-related conditions or
concurrent infections, increase hepcidin levels, leading to functional iron
deficiency despite adequate total body iron. This mechanism contributes to
anemia of inflammation and explains why some women fail to respond
adequately to oral iron supplementation during pregnancy [30].

Infections and Parasitic Diseases

Infectious diseases remain significant contributors to hemoglobin variability,
particularly in regions with high endemic burdens. Malaria, helminth

Auctores Publishing LLC — Volume 10(1)-298 www.auctoresonline.com
ISSN: 2578-8965

infections, HIV, and other chronic infections can cause hemolysis, impaired
erythropoiesis, and increased inflammatory responses, all of which adversely
affect hemoglobin concentration. Recurrent or untreated infections may lead
to persistent or worsening anemia across gestation, altering expected
hemoglobin trajectories [31].

Maternal Age, Parity, and Reproductive History

Maternal age and parity influence hemoglobin dynamics through their effects
on nutritional reserves and physiological adaptation. Adolescents and
women with high parity or short interpregnancy intervals are at increased
risk of anemia due to inadequate replenishment of iron stores between
pregnancies. Conversely, primigravidae may exhibit different patterns of
plasma volume expansion and erythropoietic response, contributing to
interindividual variability [32].

Genetic and Hematologic Factors

Inherited hemoglobinopathies and red blood cell disorders, such as sickle
cell disease and thalassemias, significantly affect baseline hemoglobin levels
and gestational trajectories. Even carrier states may influence hemoglobin
concentration and complicate interpretation using standard reference ranges.
Additionally, genetic variation in iron metabolism and erythropoietin
responsiveness may contribute to observed differences in hemoglobin
adaptation [32].

Socioeconomic and Health System Factors

Socioeconomic status, education, and access to quality antenatal care play
critical roles in shaping hemoglobin trajectories. Early initiation of antenatal
care, routine screening, timely treatment of infections, and adherence to iron
supplementation are essential for maintaining optimal hemoglobin levels. In
contrast, delayed or inadequate care increases the likelihood of unrecognized
and untreated anemia, leading to unfavorable hemoglobin patterns [34].

Lifestyle and Environmental Influences

Lifestyle factors such as smoking, altitude of residence, and environmental
exposures also affect hemoglobin concentration. Women living at high
altitude typically have higher baseline hemoglobin levels, which may mask
gestational declines or complicate anemia diagnosis if altitude-adjusted
reference values are not applied [35].
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Category

Determinant

Mechanism / Influence on Hemoglobin

Implications for Pregnancy

Nutritional Status

Iron, folate, vitamin B2, protein
intake

Supports erythropoiesis and red blood cell
synthesis

Deficiency increases risk of anemia,
low hemoglobin trajectories, and
adverse maternal/fetal outcomes

Iron Absorption

&

Hepcidin levels, inflammation

Inflammation elevates hepcidin, reducing

Functional iron deficiency despite

show different plasma volume expansion

Regulation iron absorption and utilization adequate intake; may blunt response
to supplementation
Infections / Parasitic | Malaria, HIV, helminthiasis, | Hemolysis, impaired erythropoiesis, | Exacerbates hemoglobin  decline;
Diseases chronic infections inflammatory-mediated iron sequestration contributes to persistent anemia and
poor pregnancy outcomes
Maternal Factors Age, parity, interpregnancy | Adolescents and high-parity women have | Increases susceptibility to anemia and
interval reduced iron stores; primigravidae may | abnormal hemoglobin trajectories

production

Genetic / | Hemoglobinopathies (sickle cell, | Alter baseline hemoglobin and red cell | Complicates diagnosis and
Hematologic thalassemias), inherited red cell | dynamics management of anemia; may alter
Conditions disorders gestational hemoglobin patterns
Socioeconomic & | Education, income, antenatal care | Affects nutrition, supplementation | Delayed or inadequate care increases
Healthcare Access access adherence, and infection management risk of pathological hemoglobin
trajectories
Lifestyle & | Smoking, altitude, environmental | Smoking may increase hemoglobin; high | Influences baseline and gestational
Environmental exposures altitude stimulates erythropoiesis; | hemoglobin levels; requires
Factors environmental toxins can impair red cell | adjustment of reference ranges

Table 2: Determinants of Hemoglobin Variability in Pregnancy

Hemoglobin Trajectories as Early Markers of Maternal Risk

Emerging evidence suggests that hemoglobin concentration in pregnancy
should be interpreted as a dynamic process rather than a static laboratory
value. Longitudinal hemoglobin trajectories provide important prognostic
information, offering insight into underlying physiological adaptation,
nutritional adequacy, and disease processes. Deviations from expected
gestational patterns may serve as early markers of maternal risk, often
preceding overt clinical complications.

Low Hemoglobin Trajectories and Maternal Risk

Persistently low hemoglobin levels or steep declines early in pregnancy are
strongly associated with adverse maternal outcomes. Early pregnancy
anemia frequently reflects pre-existing iron deficiency, chronic infection, or
inflammatory disease, all of which may compromise maternal reserves
needed to support gestation. Longitudinal studies have shown that women
whose hemoglobin levels are low in the first trimester and fail to improve
with supplementation are at increased risk of severe anemia at delivery,
postpartum hemorrhage, maternal fatigue, and reduced tolerance to blood
loss [36]. Moreover, excessive hemoglobin decline during the second
trimester has been linked to higher rates of preterm birth, low birth weight,
and increased maternal morbidity. These associations underscore the
importance of trajectory patterns, as single measurements may underestimate
risk when hemoglobin decline is progressive or unrecognized.

High Hemoglobin Trajectories and Inadequate Plasma Expansion

While clinical attention has traditionally focused on low hemoglobin levels,
persistently high hemoglobin concentrations during pregnancy have also
been associated with adverse outcomes. Elevated hemoglobin in the second
or third trimester may indicate inadequate plasma volume expansion,
resulting in increased blood viscosity and reduced uteroplacental perfusion.
Such patterns have been linked to hypertensive disorders of pregnancy,
including preeclampsia, as well as fetal growth restriction and stillbirth [37].
High hemoglobin trajectories challenge the assumption that higher values
uniformly reflect better maternal health and highlight the need for balanced
interpretation that considers gestational physiology.

Nonlinear and Atypical Hemoglobin Patterns
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Beyond persistently low or high levels, atypical hemoglobin trajectories—
such as abrupt declines, minimal mid-gestational decline followed by late
deterioration, or failure of late gestational recovery—may signal evolving
pathology. These patterns can reflect poor adherence to supplementation,
emerging inflammatory or infectious conditions, or occult blood loss.
Recognition of such nonlinear trends requires repeated measurements and
longitudinal analysis rather than reliance on fixed gestational thresholds [38].

Predictive Value for Maternal and Perinatal Outcomes

Several studies have demonstrated that hemoglobin trajectories are more
predictive of adverse outcomes than single hemoglobin values. Trajectory-
based models incorporating gestational timing and rate of change have
shown improved ability to identify women at risk of preeclampsia, preterm
delivery, and severe anemia compared with traditional screening approaches.
This evidence supports the integration of longitudinal hemoglobin
monitoring into routine antenatal care, particularly for high-risk populations
[39-40].

Implications for Risk Stratification and Clinical Practice

Interpreting hemoglobin trajectories as early markers of maternal risk offers
an opportunity to shift antenatal care from reactive to proactive management.
Women exhibiting unfavorable hemoglobin patterns may benefit from
intensified monitoring, targeted nutritional or therapeutic interventions, and
closer obstetric surveillance. In resource-limited settings, where advanced
diagnostics may be unavailable, trajectory-based assessment of hemoglobin
could provide a practical and cost-effective tool for early risk identification
[40].

Clinical and Public Health Implications

Recognition of hemoglobin concentration as a dynamic trajectory rather than
a single diagnostic value has important clinical and public health
implications for the management of pregnancy. Integrating longitudinal
hemoglobin assessment into antenatal care can improve early risk
identification, guide targeted interventions, and inform policy decisions
aimed at reducing maternal and perinatal morbidity.
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Implications for Clinical Practice

In clinical settings, routine hemoglobin measurement is often limited to
isolated time points, with management decisions based on fixed gestational
thresholds. A trajectory-based approach offers a more nuanced interpretation
by accounting for gestational age, baseline hemoglobin status, and the rate
of change across pregnancy. Early identification of unfavorable hemoglobin
patterns—such as low first-trimester values, excessive mid-gestational
decline, or failure of late gestational recovery—allows clinicians to intervene
proactively rather than responding to advanced anemia [41]. Such
interventions may include individualized iron supplementation strategies,
evaluation for underlying infections or inflammatory conditions, assessment
of adherence and tolerability of therapy, and closer maternal surveillance.
Importantly, recognition of persistently high hemoglobin levels may prompt
evaluation for inadequate plasma volume expansion and heightened
monitoring for hypertensive disorders and placental insufficiency.
Incorporating hemoglobin trajectories into clinical decision-making
therefore supports more personalized and risk-informed antenatal care [41].

Implications for Antenatal Screening and Monitoring

From a public health perspective, longitudinal hemoglobin monitoring
strengthens antenatal screening programs by improving the sensitivity of
anemia detection and risk stratification. Repeated measurements across
trimesters provide opportunities to assess response to supplementation and
to adjust interventions in a timely manner. This is particularly relevant in
settings with a high burden of anemia, where delayed recognition contributes
to severe anemia at delivery and increased maternal mortality [42].
Trajectory-based monitoring may also inform the optimal timing of
screening and supplementation, reinforcing the importance of early antenatal
booking and continuity of care throughout pregnancy.

Policy and Guideline Development

Current guidelines for the diagnosis and management of anemia in
pregnancy rely largely on fixed hemoglobin cut-offs that do not fully reflect
gestational physiology or population diversity. Evidence supporting the
prognostic value of hemoglobin trajectories highlights the need to reconsider
existing definitions and to develop trimester-specific and context-specific
reference ranges. Policymakers and professional bodies may need to
incorporate longitudinal criteria into national and international
recommendations to improve maternal health outcomes [43].

Implications for Resource-Limited Settings

In low- and middle-income countries, where access to advanced laboratory
testing may be limited, hemoglobin measurement remains one of the most
accessible and cost-effective diagnostic tools. A trajectory-based approach
maximizes the utility of this simple test by extracting greater clinical value
from repeated measurements. When integrated with basic clinical
assessment, longitudinal hemoglobin monitoring can serve as a pragmatic
early warning system for maternal risk, supporting targeted use of limited
healthcare resources [44].

Public Health Surveillance and Research

At the population level, analysis of hemoglobin trajectories can enhance
maternal health surveillance by identifying high-risk groups and informing
programmatic interventions. Large-scale longitudinal data may also
contribute to refining anemia prevention strategies, evaluating the
effectiveness of supplementation programs, and guiding future research
priorities [45].

Conclusion

Hemoglobin concentration during pregnancy reflects a complex interplay
between physiological adaptation and pathological processes. While
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moderate declines in hemoglobin are a normal consequence of plasma
volume expansion and enhanced circulatory demands, deviations from
expected gestational trajectories may signal underlying nutritional
deficiencies, inflammatory states, infections, or impaired maternal
adaptation. Evidence increasingly demonstrates that hemoglobin patterns
across pregnancy—rather than isolated measurements—carry important
prognostic value for maternal and perinatal outcomes. A trajectory-based
interpretation of hemoglobin offers a more clinically meaningful framework
for antenatal assessment, enabling earlier identification of women at
increased risk of adverse outcomes such as severe anemia, hypertensive
disorders, preterm birth, and fetal growth restriction. This approach supports
timely, targeted interventions and more individualized antenatal care,
particularly in settings where hemoglobin measurement remains one of the
most accessible diagnostic tools. From a public health perspective,
incorporating longitudinal hemoglobin monitoring into routine antenatal
programs may enhance screening effectiveness, inform policy development,
and contribute to refining gestational hemoglobin reference ranges.
Ultimately, re-framing hemoglobin concentration as a dynamic biomarker of
maternal health rather than a static indicator of anemia has the potential to
improve risk stratification, optimize resource use, and strengthen efforts to
improve maternal and fetal health outcomes globally.

References

1. Zupanic’ D, Visni¢ A, Brenci¢ T, Juri¢i¢c G, Honovi¢ L.et al.
(2025). Clinical utility of calculated haematological parameters
in the diagnosis of iron deficiency anaemia in pregnant women.
Biomed Rep. 23(6):188.

2. Garcia-Casal MN, Dary O, Jefferds ME, Pasricha SR. (2023).
Diagnosing anemia: Challenges selecting methods, addressing
underlying causes, and implementing actions at the public health
level. Ann N'Y Acad Sci. 1524(1):37-50.

3. Obeagu EI, Obeagu GU. (2024). Protecting maternal health:
Strategies against HIV and malaria in pregnancy. Medicine
(Baltimore). 103(36): £39565.

4. Obeagu GU, Altraide BO, Obeagu EI. (2025). Iron deficiency
anemia in pregnancy and related complications with specific
insight in Rivers State, Nigeria: a narrative review. Ann Med
Surg (Lond). 87(6):3435-3444.

5. Obeagu GU, Obeagu El. (2025). Complications of anemia in
pregnancy: An updated overview for healthcare professionals.
Medicine (Baltimore). 104(35): e44246.

6. Soma-Pillay P, Nelson-Piercy C, Tolppanen H, Mebazaa A.
(2016). Physiological changes in pregnancy. Cardiovasc J Afr.
27(2):89-94.

7. Vricella LK. (2017). Emerging understanding and measurement
of plasma volume expansion in pregnancy. Am J Clin Nutr.
106(Suppl 6):1620S-1625S.

8. Young MF, Nguyen P, Tran LM, Khuong LQ, Tandon S. (2023).
Maternal hemoglobin concentrations across pregnancy and child
health and development from birth through 6-7 years. Front
Nutr. 10:1114101.

9. Kuma MN, Tamiru D, Belachew T. (2021). Hemoglobin Level
and Associated Factors among Pregnant Women in Rural
Southwest Ethiopia. Biomed Res Int. 2021:9922370.

10. Obeagu El. (2025). Climate change and red blood cell disorders:
A review of risks and adaptations for pregnant women and
children. Medicine (Baltimore). 104(40): e45129.

11. Burden CA, Smith GC, Sovio U, Clayton GL, Fraser A. (2023).
Maternal hemoglobin levels and adverse pregnancy outcomes:
individual patient data analysis from 2 prospective UK
pregnancy cohorts. Am J Clin Nutr. 117(3):616-624.

Page 5 of 7



J. Obstetrics Gynecology and Reproductive Sciences

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Jung J, Rahman MM, Rahman MS, Swe KT, Islam MR. et al.
(2019). Effects of hemoglobin levels during pregnancy on
adverse maternal and infant outcomes: a systematic review and
meta-analysis. Ann N'Y Acad Sci. 1450(1):69-82.

Obeagu El, Obeagu GU. (2025). Leukocyte dynamics in female
reproductive health: roles and mechanisms. Ann Med Surg
(Lond). 87(6):3268-3278.

Zhang P, Shen Y, Zou G, Xiang X. (2025). Associations of
hemoglobin trajectories and time in target hemoglobin range
with adverse pregnancy outcomes: a real-world pregnancy
records-based study. Front Glob Womens Health. 6:1682957.
Xu Q, Yang Y, Xie L, Zhang D, Zou H. (2025). Longitudinal
Hemoglobin Trajectories and Their Association with Growth
Response in Short Stature Children (Aged <15 Years)
Undergoing Weekly Growth Hormone Therapy: A Real-World
Cohort Study. Int J Gen Med. 18:5433-5446.

Feleke BE, Feleke TE. (2020). The Effect of Pregnancy in the
Hemoglobin Concentration of Pregnant Women: A Longitudinal
Study. J Pregnancy. 2789536.

Aguree S, Gernand AD. (2019). Plasma volume expansion
across healthy pregnancy: a systematic review and meta-analysis
of longitudinal studies. BMC Pregnancy Childbirth. 19(1):508.
Getrajdman C, Sison M, Lin HM, Katz D. (2022). The effects of
hemodilution on coagulation in term parturients: an in vitro
study utilizing rotational thromboelastometry. J Matern Fetal
Neonatal Med. 35(10):1969-1977.

Delaney KM, Guillet R, Pressman EK, Ganz T, Nemeth E. et al.
(2021). Serum Erythroferrone During Pregnancy Is Related to
Erythropoietin but Does Not Predict the Risk of Anemia. J Nutr.
151(7):1824-1833.

Ogolla CO, Karani LW, Musyoki S, Maruti P. (2025). Impact
of Iron Deficiency and Erythropoiesis-Stimulating Agents on
Anemia in CKD Progression. Int J Nephrol. 2025:2567637.
Sangkhae V, Fisher AL, Ganz T, Nemeth E. (2023). Iron
Homeostasis During Pregnancy: Maternal, Placental, and Fetal
Regulatory Mechanisms. Annu Rev Nutr. 43:279-300.

Piskin E, Cianciosi D, Gulec S, Tomas M, Capanoglu E. (2022).
Iron Absorption: Factors, Limitations, and Improvement
Methods. ACS Omega. 7(24):20441-20456.

Robinson DP, Klein SL. (2012). Pregnancy and pregnancy-
associated hormones alter immune responses and disease
pathogenesis. Horm Behav. 62(3):263-271.

Feleke BE, Feleke TE. (2020). The Effect of Pregnancy in the
Hemoglobin Concentration of Pregnant Women: A Longitudinal
Study. J Pregnancy. 2789536.

Dinggez Cakmak B, Tiirker UA, Oztas S, Arik M, Ustiinyurt E.
(2018).The effect of first trimester hemoglobin levels on
pregnancy outcomes. Turk J Obstet Gynecol. 15(3):165-170.
von Tempelhoff GF, Heilmann L, Rudig L, Pollow K, Hommel
G. et al. (2008). Mean maternal second-trimester hemoglobin
concentration and outcome of pregnancy: a population-based
study. Clin Appl Thromb Hemost. 14(1):19-28.

Nairz M, Theurl I, Wolf D, Weiss G. (2016). Iron deficiency or
anemia of inflammation? Differential diagnosis and mechanisms
of anemia of inflammation. Wien Med Wochenschr. 166(13-
14):411-423.

Churchill D, Nair M, Stanworth SJ, Knight M. (2019).The
change in haemoglobin concentration between the first and third
trimesters of pregnancy: a population study. BMC Pregnancy
Childbirth. 19(1):359.

Rooney DJ, Conway M, O'Keeffe LM, McDonnell CM, Bartels
HC. etal. (2024). Dietary intakes of iron, folate, and vitamin B12

Auctores Publishing LLC — Volume 10(1)-298 www.auctoresonline.com
ISSN: 2578-8965

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Copy rights @ Emmanuel Ifeanyi Obeagu,

during pregnancy and correlation with maternal hemoglobin and
fetal growth: findings from the ROLO longitudinal birth cohort
study. Arch Gynecol Obstet. 309(1):183-193.

Sangkhae V, Nemeth E. (2017). Regulation of the Iron
Homeostatic Hormone Hepcidin. Adv Nutr. 8(1):126-136.
Shaw JG, Friedman JF. (2011). Iron deficiency anemia: focus on
infectious diseases in lesser developed countries. Anemia.
2011:260380.

Abu-Ouf NM, Jan MM. (2015).The impact of maternal iron
deficiency and iron deficiency anemia on child's health. Saudi
Med J. 36(2):146-149.

Warghade S, Britto J, Haryan R, Dalvi T, Bendre R. et al. (2018).
Prevalence of hemoglobin variants and hemoglobinopathies
using cation-exchange high-performance liquid chromatography
in central reference laboratory of India: A report of 65779 cases.
J Lab Physicians. 10(1):73-79.

Karyadi E, Reddy JC, Dearden KA, Purwanti T, Mardewi.et al.
(2023). Antenatal care is associated with adherence to iron
supplementation among pregnant women in selected low-
middle-income-countries of Asia, Africa, and Latin America &
the Caribbean regions: Insights from Demographic and Health
Surveys. Matern Child Nutr. 19(2): e13477.

Boulares A, Bragazzi NL, Gonzales GF, Robach P,
Champigneulle B.et al. (2025). Addressing Anemia in High-
Altitude Populations: Global Impact, Prevalence, Challenges,
and Potential Solutions. Am J Hematol. 100(9):1590-1602.
Finkelstein JL, Kurpad AV, Bose B, Thomas T, Srinivasan K.et
al. (2020). Anaemia and iron deficiency in pregnancy and
adverse perinatal outcomes in Southern India. Eur J Clin Nutr.
74(1):112-125.

Laflamme EM. (2011). Maternal hemoglobin concentration and
pregnancy outcome: a study of the effects of elevation in el alto,
bolivia. Mcgill J Med. 13(1):47.

Liu L, Li X. (2025). Predictive Value of Dynamic Changes in
Hemoglobin Levels During Early Pregnancy for the
Development of Anemia During Pregnancy. Int J Womens
Health. 17:1829-1835.

Chen YY, Huang HX, Xiao M. (2025). Initial and Longitudinal
Trajectories in Hemoglobin Levels Predict the Prognosis of
Patients with Premature Rupture of Membranes. Am J Reprod
Immunol. 93(5): e70086.

Shiao SY, Ou CN, Pierantoni H. (2006).The measurement of
accurate fetal hemoglobin and related oxygen saturation by the
hemoximeter. Clin Chim Acta. 374(1-2):75-80.

Admass ZE, Gessesse AD, Ayalsew HA, Abate HM, Leminie
AA. et al. (2025). Hemoglobin response to iron folate
supplementation and associated factors among pregnant women
attending public hospitals in Addis Ababa, Ethiopia: a
longitudinal quasi-experimental study. Front Public Health.
13:1569643.

Ubom AE, Begum F, Ramasauskaite D, Nieto-Calvache AJ,
Oguttu M.et al. (2025). FIGO Committee on Childbirth and
Postpartum Hemorrhage. FIGO good practice recommendations
on anemia in pregnancy, to reduce the incidence and impact of
postpartum hemorrhage (PPH). Int J Gynaecol Obstet.
171(3):993-1007.

Yadav H, Shah D, Sayed S, Horton S, Schroeder LF. (2021).
Availability of essential diagnostics in ten low-income and
middle-income countries: results from national health facility
surveys. Lancet Glob Health. 9(11): e1553-e1560.

Muthuka JK, Mbari-Fondo DK, Wambura FM, Oluoch K,
Nzioki JM. et al. (2025). Effects of Interventions for the

Page 6 of 7



J. Obstetrics Gynecology and Reproductive Sciences Copy rights @ Emmanuel Ifeanyi Obeagu,
Prevention and Management of Maternal Anemia in the Advent
of the COVID-19 Pandemic: Systematic Review and Meta-
Analysis. JMIRx Med. 6: e57626.

This work is licensed under Creative Ready to submit your research? Choose Auctores and benefit from:
BY

Commons Attribution 4.0 License

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

To Submit Your Article, Click Here: Submit Manuscript

DO1:10.31579/2578-8965/298

YVVVVYVYVYY

At Auctores, research is always in progress.

Learn more https://www.auctoresonline.com/journals/obstetrics-gynecology-
and-reproductive-sciences

Auctores Publishing LLC — Volume 10(1)-298 www.auctoresonline.com
ISSN: 2578-8965 Page 7 of 7


file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.com/submit-manuscript?e=21
https://www.auctoresonline.com/journals/obstetrics-gynecology-and-reproductive-sciences
https://www.auctoresonline.com/journals/obstetrics-gynecology-and-reproductive-sciences

