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Abstract

Hemoglobin dynamics during pregnancy reflect a delicate balance between normal physiological adaptation and
pathological influences that vary across populations and health system contexts. While plasma volume expansion
naturally lowers hemoglobin concentrations, excessive declines remain highly prevalent worldwide and are strongly
associated with adverse maternal and fetal outcomes. This narrative review synthesizes current evidence on the
physiological basis of hemoglobin changes, examines global patterns and key determinants, and explores their
implications for maternal and neonatal health from a public health perspective. Nutritional deficiencies, infectious and
parasitic diseases, high reproductive burden, and inequities in access to quality antenatal care are primary drivers of
adverse hemoglobin trajectories, particularly in low- and middle-income countries. Understanding hemoglobin
dynamics across gestation is essential for designing integrated, context-specific public health strategies aimed at
reducing maternal anemia, improving pregnancy outcomes, and addressing global health disparities
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Introduction

Hemoglobin concentration is a key indicator of
maternal health during pregnancy, serving as a
marker for oxygen-carrying capacity, nutritional
status, and overall physiological adaptation.
During gestation, maternal hemoglobin undergoes
dynamic changes to support fetal growth and
development, ensure  adequate  placental
perfusion, and maintain maternal homeostasis [1-
2]. These changes are the result of complex
hematological adaptations, including plasma
volume expansion and increased erythropoiesis,
which are essential for meeting the metabolic and
oxygen demands of both mother and fetus. While
some reduction in hemoglobin concentration is
considered physiologically normal, excessive
declines—manifesting as anemia—remain a
significant global public health concern [3-
4].Globally, anemia affects approximately one-
third of pregnant women, representing one of the
most common and preventable complications of
pregnancy. The burden of low hemoglobin levels
is disproportionately concentrated in low- and
middle-income countries (LMICs), particularly in
sub-Saharan Africa and South Asia, where
prevalence rates frequently exceed 40-50%. In
these regions, hemoglobin deficits are often the
result of cumulative nutritional deficiencies, high
fertility rates, infectious and parasitic disease
burdens, and limited access to quality antenatal
care. In contrast, high-income countries report
lower prevalence, generally below 15%, reflecting
better nutritional status, effective public health
programs, and robust health system capacity for
antenatal care, supplementation, and disease
prevention [5-8].

The clinical and public health significance of
hemoglobin changes in pregnancy is profound.
Low maternal hemoglobin is associated with
increased risk of maternal morbidity and
mortality, including postpartum hemorrhage,
infections, and impaired physical capacity. For
the fetus, maternal anemia is strongly linked to
preterm birth, low birth weight, intrauterine
growth restriction, stillbirth, and long-term
neurodevelopmental deficits. These outcomes not
only affect individual health but also have

intergenerational consequences, influencing child
survival, growth, and cognitive development, and
contributing to cycles of poor health and
socioeconomic disadvantage [9-10].

Hemoglobin dynamics are influenced by a wide
range of factors that extend beyond physiological
adaptation  [11].  Nutritional determinants,
particularly iron, folate, and vitamin B12
deficiencies, are among the most significant
contributors globally. Infectious and parasitic
diseases, including malaria, hookworm, HIV, and
tuberculosis, further exacerbate hemoglobin
decline through mechanisms such as hemolysis,
chronic inflammation, and impaired
erythropoiesis [12]. Reproductive factors—
including high parity, short interpregnancy
intervals, and adolescent pregnancy—also
increase susceptibility to low hemoglobin by
depleting maternal nutrient stores. Socioeconomic
determinants, such as poverty, low educational
attainment, and gender inequities, indirectly shape
hemoglobin levels by influencing dietary quality,
health-seeking behavior, and exposure to
infections. Environmental factors, including
limited access to safe water, sanitation, and
climate-related food insecurity, compound these
risks. Finally, health system performance—
including access to early antenatal care,
screening,  supplementation  programs, and
infection control—plays a critical role in
moderating hemoglobin trajectories [13-14].This
narrative review aims to synthesize current
evidence on the physiological, epidemiological,
and public health aspects of hemoglobin
dynamics in pregnancy, highlighting the
implications for maternal and fetal health and
informing integrated, context-specific public
health strategies.

Aim

The aim of this narrative review is to critically
synthesize current evidence on hemoglobin
dynamics throughout pregnancy and to examine
their physiological basis, global epidemiological
patterns, and key determinants, with particular
emphasis on the implications for maternal and
fetal health from a global public health
perspective.
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Methods

This narrative review was conducted through a
comprehensive and integrative appraisal of the
published literature examining hemoglobin
dynamics during pregnancy and their implications
for maternal and fetal health. Peer-reviewed
articles, authoritative reviews, clinical guidelines,
and global health reports were identified through
systematic searches of major biomedical
databases, including PubMed, Scopus and Web of
Science. Key search terms and combinations
included hemoglobin, anemia in pregnancy,
physiological hemodilution, maternal outcomes,
fetal outcomes, and global public health.Priority
was given to studies published in English that
addressed physiological changes in hemoglobin
across gestation, epidemiology and determinants
of anemia and hemoconcentration in pregnancy,
and associations with maternal, perinatal, and
neonatal outcomes. Both observational and
interventional studies were considered, alongside
reports from international organizations such as
the World Health Organization. Evidence from
low-, middle-, and high-income settings was
intentionally included to capture global variation
and health inequities.Selected literature was
narratively synthesized rather than quantitatively
pooled, allowing integration of mechanistic
insights, clinical observations, and population-
level data. Findings were organized thematically
around physiological = mechanisms, global
patterns, determinants, and public health
implications. This approach enabled a contextual
interpretation of hemoglobin  changes in
pregnancy and their relevance to maternal—fetal
health across diverse health systems and
socioeconomic environments.

Physiological Basis of Hemoglobin
Dynamics in Pregnancy

Pregnancy induces profound and highly
coordinated physiological changes in the maternal
hematological system, which are essential to
support the metabolic demands of the developing
fetus, the placenta, and the maternal body. Among
these changes, hemoglobin dynamics—defined as
the fluctuations in hemoglobin concentration
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across gestation—represent a key adaptation that
reflects the balance between oxygen-carrying
capacity, plasma volume expansion, and red
blood cell production [15]. From the earliest
stages of pregnancy, hormonal changes,
particularly the rise in estrogen and progesterone,
stimulate cardiovascular and renal adaptations
that result in a progressive increase in plasma
volume. By mid-pregnancy, plasma volume
typically expands by 40-50% above pre-
pregnancy levels. This expansion is necessary to
meet the increased metabolic demands of
maternal tissues and the developing fetus, ensure
adequate placental perfusion, and prepare the
maternal circulation for the hemodynamic stress
of childbirth. In contrast, red blood cell mass
increases more modestly, usually by 15-30%,
even in women with adequate iron stores. The
disproportionate increase in plasma volume
relative to red blood cell mass produces a
physiological decline in hemoglobin
concentration, commonly referred to as
hemodilution or “physiological anemia of
pregnancy [16-17].”

This physiological reduction in hemoglobin is
most pronounced during the second trimester,
when plasma expansion peaks, and typically
partially recovers in the third trimester as
erythropoietin-driven red blood cell production
accelerates. These changes are adaptive: reduced
blood viscosity enhances uteroplacental blood
flow, promoting efficient delivery of oxygen and
nutrients to the fetus, while minimizing the risk of
maternal vascular complications
[18].Erythropoiesis ~ during  pregnancy  is
stimulated by increased oxygen demand and
elevated erythropoietin levels, but effective red
blood cell production depends critically on
adequate availability of iron, folate, and vitamin
B12. Iron requirements rise significantly—
approximately 1,000 mg over the course of
pregnancy—to support expansion of maternal red
cell mass, fetal growth, and placental
development. Folate and vitamin B12 are
essential for DNA synthesis and erythrocyte
maturation. When these micronutrients are
sufficient, hemoglobin declines remain within
physiological limits, and maternal adaptation
proceeds without adverse consequences.
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Conversely, deficiencies in these nutrients
constrain compensatory erythropoiesis, increasing
the risk of pathological anemia even in otherwise
healthy pregnancies [19-20].

Physiological hemoglobin dynamics are also
influenced by maternal baseline characteristics
and genetic factors. Pre-pregnancy hemoglobin
levels, parity, age, body mass index, and
preexisting anemia all modulate the magnitude of
hemoglobin change. Women entering pregnancy
with low iron stores or marginal nutritional status
are particularly susceptible to excessive
hemoglobin  decline.  Additionally, genetic
conditions such as thalassemia and sickle cell trait

can affect baseline hemoglobin levels and the
trajectory of changes during  gestation
[21].Recognition of normal physiological
hemoglobin changes is essential for accurate
diagnosis and management. The World Health
Organization recommends a  hemoglobin
threshold of 11.0 g/dL for defining anemia in
pregnancy, with recognition that mild reductions
below this level may be physiological, especially
during the second trimester. Failure to account for
these gestational changes may lead to
misdiagnosis, over-treatment, or under-treatment,
with implications for both maternal and fetal
outcomes(Table 1) [22].

Table 1: Physiological Basis of Hemoglobin Dynamics in Pregnancy

Physiological Gestational Mechanism Effect on | Clinical Relevance
Process Timing Hemoglobin
Concentration
Plasma volume | Begins first | Estrogen- and renin— | Dilutional Normal adaptation;
expansion trimester; peaks | angiotensin— decrease misinterpretation may
second aldosterone—mediated | (physiological lead to overdiagnosis of
trimester sodium and water | anemia) anemia
retention
Increased Throughout Elevated Partial Requires adequate iron,
erythropoiesis pregnancy erythropoietin compensation for | folate, and vitamin B12
production stimulating | plasma expansion
red cell synthesis
Increased iron | Progressive Iron utilization for | Decline if intake | Major contributor to
demand across gestation | maternal or stores are | iron deficiency anemia
erythropoiesis, inadequate
placenta, and fetal
growth
Placental iron | Second and | Active transport of | Maternal Prioritizes fetal needs
transfer third trimesters | iron from maternal to | hemoglobin may | over maternal reserves
fetal circulation fall
Hemodilution nadir | 24-32  weeks’ | Maximal plasma | Lowest Critical  period for
gestation volume expansion | hemoglobin levels | anemia screening
relative to red cell
mass
Late gestational | Third trimester | Plateau of plasma | Slight hemoglobin | Reflects adequate
stabilization expansion with | rise or | physiological
continued stabilization adaptation
erythropoiesis
Blood  loss at | Peripartum Placental  separation | Acute  postnatal | Exacerbates pre-
delivery and obstetric bleeding | hemoglobin existing anemia
reduction
Postpartum Early Rapid plasma volume | Relative increase | Important for
hemoconcentration | postpartum contraction in hemoglobin postpartum

interpretation of values
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Global Patterns of Hemoglobin Levels
in Pregnancy

Hemoglobin levels during pregnancy exhibit
substantial variation across regions, populations,
and socioeconomic contexts, reflecting
differences in nutrition, disease burden,
reproductive patterns, and health system capacity.
While physiological  hemodilution  occurs
universally during pregnancy, the degree to which
hemoglobin declines translate into clinically
significant anemia varies markedly, revealing
persistent global inequities in maternal health
[23].Globally, anemia in pregnancy remains a
major public health challenge, affecting
approximately one-third of pregnant women.
However, this global estimate conceals
pronounced regional disparities. The highest
prevalence is observed in low- and middle-
income countries (LMICs), particularly in sub-
Saharan Africa and South Asia, where anemia
prevalence among pregnant women often exceeds
40-50%. Contributing factors include pre-existing
maternal nutritional deficiencies, high fertility
rates, infectious and parasitic disease burdens, and
limited access to quality antenatal care. In these
regions, malaria, hookworm, schistosomiasis, and
other endemic infections exacerbate hemoglobin

decline through hemolysis, blood loss, and
impaired erythropoiesis, while chronic
undernutrition  further limits compensatory
adaptation [23-24].

By contrast, high-income countries report

substantially lower prevalence of anemia in
pregnancy, generally below 15%. Improved
dietary diversity, widespread iron and folic acid
supplementation, fortified foods, and lower
infectious disease burdens contribute to more
favorable hemoglobin profiles. Moreover, robust
antenatal care systems facilitate early detection,
timely intervention, and close monitoring of
hemoglobin  levels  throughout  gestation,
mitigating the risk of severe anemia [25].Middle-
income regions, including Latin America, parts of
Southeast Asia, and North Africa, exhibit
intermediate ~ patterns,  with  considerable
heterogeneity both between and within countries.
Urban populations and women of higher
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socioeconomic  status often have higher
hemoglobin concentrations compared with rural
residents, marginalized communities, and women
experiencing food insecurity. These intra-country
disparities highlight the influence of social
determinants, such as income, education, and
gender equity, on maternal hematological
outcomes [27].

Temporal trends in hemoglobin levels suggest
modest global improvements over the past two
decades, largely due to expanded antenatal care
coverage, iron and folic acid supplementation
programs, and increased public health attention to
maternal nutrition. However, progress has been
uneven. While some regions, particularly parts of
East Asia and Latin America, have achieved
meaningful reductions in anemia prevalence, sub-
Saharan Africa has seen limited gains. Factors
such as rapid population growth, persistent
poverty, climate-related food insecurity, and weak
health  systems  continue to  constrain
improvements in high-burden areas [28-
29].Within countries, hemoglobin patterns also
vary according to maternal age, parity, and
reproductive history. Adolescent pregnant women
and those with closely spaced pregnancies often
exhibit lower hemoglobin levels due to limited
time for replenishment of nutrient stores. Women
with low educational attainment or restricted
access to health information are less likely to seek
timely  antenatal care or adhere to
supplementation regimens, compounding the risk
of anemia [30].

Methodological variations in measurement and
reporting further shape the apparent global
patterns of hemoglobin in pregnancy. Differences
in hemoglobin cutoffs, laboratory techniques,
timing of assessment, and gestational age at
measurement complicate cross-study
comparisons.  Additionally, population-based
surveys frequently lack longitudinal data, limiting
insight into  trimester-specific ~ hemoglobin
trajectories. Data from marginalized, conflict-
affected, or remote populations remain scarce,
potentially underrepresenting the most vulnerable
groups in global estimates [31].From a public
health perspective, these patterns underscore the
need for context-specific strategies to address
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hemoglobin deficits during pregnancy. Universal
approaches are insufficient to tackle the diverse
drivers of maternal anemia across settings.
Effective interventions must account for regional
disease profiles, nutritional environments, health
system capacities, and social determinants to
ensure equitable improvements in maternal and
fetal health outcomes worldwide [32].

Determinants of Hemoglobin Dynamics During
Pregnancy

Hemoglobin dynamics during pregnancy are
shaped by a complex interplay of biological,

nutritional, infectious, reproductive,
socioeconomic, environmental, and health system
factors. While physiological hemodilution is a
universal adaptation, the magnitude and clinical
significance of hemoglobin decline are strongly
influenced by these interacting determinants,
which often coexist and amplify vulnerability in
certain  populations.  Understanding  these
determinants is essential for designing effective
public health interventions to prevent anemia and
optimize maternal and fetal outcomes (Table 2)
[33].

Table 2: Determinants of Hemoglobin Dynamics During Pregnancy

Determinant Specific Determinants Mechanism Typical Impact | Public Health
Category Affecting on Hemoglobin | Relevance
Hemoglobin Levels
Nutritional Low dietary iron intake, | Impaired Decreased Central target for
factors poor iron bioavailability, | erythropoiesis and | hemoglobin; iron | supplementation and
folate and vitamin B12 | reduced deficiency food  fortification
deficiency hemoglobin anemia programs
synthesis
Infectious Malaria, hookworm | Hemolysis, blood | Moderate to | High burden in
diseases infection, loss, severe anemia LMICs; requires
schistosomiasis, HIV, | inflammation- integrated infection
chronic inflammation mediated iron control
sequestration
Genetic Sickle cell  disease, | Reduced Chronically low | Important for
conditions thalassemias, other | hemoglobin baseline screening and
hemoglobinopathies production or | hemoglobin individualized
increased red cell antenatal care
destruction
Physiological Degree of plasma volume | Hemodilution Physiological Distinguishes
adaptation expansion relative to red cell | decline or, if | normal adaptation
mass inadequate, from pathology
elevated
hemoglobin
Socioeconomic | Poverty, food insecurity, | Limited access to | Persistent ~ low | Driver of global and
status low maternal education nutritious  foods | hemoglobin within-country
and healthcare inequities
Health system | Late antenatal booking, | Delayed detection | Worsening Reflects quality and
factors inadequate screening, | and management | anemia  across | accessibility of
poor supplementation | of anemia gestation antenatal care
adherence
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Reproductive High parity, short | Depleted maternal | Lower Highlights need for

factors interpregnancy iron stores hemoglobin at | preconception and
intervals, adolescent conception  and | interpregnancy care
pregnancy during pregnancy

Environmental | Indoor air pollution, | Oxidative  stress | Reduced Emerging concern in

exposures heavy metals, | and impaired | hemoglobin or | environmental and
petrochemical hematopoiesis functional anemia | occupational health
pollutants

Inflammatory Obesity, chronic | Hepcidin- Functional  iron | Limits effectiveness of

states disease, infections mediated iron | deficiency iron supplementation

restriction alone

Geographic Rural residence, | Combined Marked regional | Guides context-

context malaria-endemic nutritional and | hemoglobin specific public health
regions infectious risks variation interventions

Nutritional Determinants

Nutritional status is the most significant driver of
hemoglobin changes during pregnancy. Iron
deficiency accounts for the majority of anemia
cases globally, arising from inadequate dietary
intake, poor absorption of non-heme iron, and
increased iron requirements during gestation.
Folate and vitamin BI12 deficiencies further
impair erythropoiesis, while chronic energy
deficiency and protein malnutrition exacerbate
hemoglobin decline. In regions with limited
access to micronutrient-rich foods, these
nutritional deficits are often compounded by food
insecurity and seasonal scarcity [34].

Infectious and Parasitic Determinants

Infectious and parasitic diseases significantly
contribute to reductions in hemoglobin levels.
Malaria remains a major cause of maternal
anemia in endemic regions due to hemolysis and
placental sequestration of infected red blood cells.
Soil-transmitted helminths, including hookworm
and schistosomiasis, lead to chronic blood loss,
while chronic infections such as HIV and
tuberculosis  impair  erythropoiesis  through
inflammation and immune-mediated pathways.
Coexisting infections frequently exacerbate
hemoglobin decline, particularly in resource-
limited settings [35].
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Reproductive and Biological Determinants

Reproductive  history  strongly  influences
hemoglobin dynamics. High parity and short
interpregnancy intervals limit the maternal body’s
ability to replenish iron and micronutrient stores,
increasing susceptibility to anemia. Adolescent
pregnancy presents a unique risk due to the
concurrent nutritional demands of maternal
growth and fetal development. Pre-existing
anemia or chronic conditions prior to conception
further increase wvulnerability, as does the
presence  of genetic  hemoglobinopathies,
including sickle cell disease and thalassemia,
which can modify baseline hemoglobin levels and
the trajectory of change during gestation [36].

Socioeconomic and Environmental
Determinants
Socioeconomic  conditions indirectly shape

hemoglobin dynamics by influencing access to
nutrition, healthcare, and exposure to infectious
diseases. Poverty, low educational attainment, and
gender inequality are consistently associated with
lower hemoglobin concentrations. Rural residence
and geographic isolation often exacerbate these
disadvantages by limiting access to quality
antenatal care, supplementation programs, and
health education. Environmental factors, such as
inadequate water, sanitation, and hygiene
(WASH) conditions, increase susceptibility to
infections and parasitic infestations, further
affecting hemoglobin levels. Climate-related food
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insecurity and seasonal variability in food
availability can also contribute to fluctuations in
maternal hemoglobin status [37-38].

Health System and Policy Determinants

The performance of health systems is critical in
moderating  hemoglobin  changes  during
pregnancy. Timely initiation of antenatal care,
routine hemoglobin screening, consistent iron and
folic acid supplementation, malaria prophylaxis,
and deworming programs are central to
maintaining adequate maternal hemoglobin. Weak
health systems—characterized by stock-outs,
inadequate workforce training, poor monitoring,
and limited integration of nutrition and infection
control services—reduce the effectiveness of
these interventions. Even in countries with
national guidelines for anemia prevention, gaps in
implementation and coverage can limit impact
[39].

Interaction of Determinants

These factors rarely operate in isolation.
Nutritional ~ deficiencies, infections, high
reproductive demand, and social disadvantage
often coexist, producing synergistic effects that
amplify hemoglobin decline during pregnancy.
This multidimensional interplay explains why
certain populations—particularly women in
LMICs, adolescents, and marginalized groups—
experience disproportionately severe anemia
despite  similar  physiological  adaptations
[40].From a public health perspective, addressing
hemoglobin dynamics during pregnancy requires
comprehensive,  multisectoral  interventions.
Strategies must simultaneously target nutrition,
infectious disease control, reproductive health,
health  system strengthening, and social
determinants to effectively mitigate anemia and
its associated maternal and fetal risks [41].

Implications for Maternal Health

Hemoglobin dynamics during pregnancy have
profound implications for maternal health, as low
hemoglobin concentrations—whether resulting
from physiological adaptation or pathological
anemia—can significantly increase maternal
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morbidity and mortality. Maternal anemia reduces
the oxygen-carrying capacity of the blood, which
can compromise the mother’s ability to tolerate
the physiological stress of pregnancy and
childbirth. Women with moderate to severe
anemia are at higher risk of complications such as
postpartum hemorrhage, infections, fatigue, and
impaired recovery after delivery. Even mild
anemia can reduce physical capacity,
productivity, and quality of life, particularly in
settings where women perform physically
demanding tasks while pregnant [42].Low
maternal hemoglobin also interacts with obstetric
complications, amplifying their severity. For
example, women with anemia who experience
hemorrhage during delivery are at higher risk of
hypovolemic shock and require more frequent
blood transfusions. Chronic anemia can
exacerbate cardiovascular strain, contributing to
conditions such as preeclampsia or cardiac failure
in severe cases. Additionally, repeated
pregnancies without adequate recovery of iron
and micronutrient stores increase cumulative
maternal risk, particularly in  high-parity
populations [43].

From a public health perspective, maternal
anemia reflects broader structural and systemic
issues, including poor nutrition, high infectious
disease burden, limited access to quality antenatal
care, and  socioeconomic disadvantage.
Addressing maternal anemia, therefore, is not
only a clinical concern but also a marker for
inequities in healthcare access, nutrition, and
social determinants of health. Interventions that
maintain adequate hemoglobin levels—such as
early antenatal care, iron and folic acid
supplementation, deworming, and malaria
prophylaxis—are essential to reducing maternal
morbidity and mortality, improving birth
outcomes, and promoting long-term maternal
well-being [44].Improving maternal hemoglobin
status has cascading benefits, enhancing resilience
to obstetric complications, reducing healthcare
costs, and contributing to healthier reproductive
trajectories. In high-burden settings, strategies
must integrate nutrition, infection control, and
health system strengthening to ensure sustainable
improvements in maternal health outcomes [45].
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Implications for Fetal and Neonatal Health

Maternal hemoglobin dynamics during pregnancy
have critical implications for fetal and neonatal
health, as hemoglobin levels directly influence
oxygen and nutrient delivery to the developing
fetus. Low maternal hemoglobin, particularly
when indicative of anemia, compromises
placental oxygenation and nutrient transfer,
increasing the risk of adverse fetal outcomes.
Studies consistently associate maternal anemia
with preterm birth, low birth weight, intrauterine
growth restriction (IUGR), and stillbirth,
outcomes that contribute substantially to neonatal
morbidity and mortality worldwide [46].In
addition to immediate perinatal effects, maternal
anemia can have long-term consequences for
child development. Insufficient oxygen and
nutrient delivery during critical periods of fetal
growth may impair neurodevelopment, cognitive
function, and immune competence. Infants born
to anemic mothers are also at higher risk of
neonatal anemia, which can further compromise
growth, increase susceptibility to infections, and
affect early developmental milestones [47].

The timing and severity of maternal hemoglobin
decline are important determinants of fetal risk.
Severe anemia in the first and second trimesters is
associated with higher rates of miscarriage and
preterm labor, while anemia in late pregnancy can
impair fetal growth and increase the likelihood of
perinatal complications. Chronic or recurrent
maternal anemia across pregnancies compounds
these risks, particularly in high-parity populations
and low-resource settings [48].From a public
health  perspective,  optimizing  maternal
hemoglobin status is essential for improving fetal
and neonatal outcomes. Interventions such as iron
and folic acid supplementation, malaria
prevention, deworming, and nutrition programs
during pregnancy not only protect maternal health
but also enhance fetal growth, reduce preterm
birth and low birth weight, and improve neonatal
survival. Ensuring adequate hemoglobin levels in
pregnant women therefore represents a critical
strategy for breaking intergenerational cycles of
poor health, enhancing early childhood
development, and achieving broader maternal and
child health targets at the population level [49].
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Public  Health  Strategies and Policy
Implications
Addressing  hemoglobin  dynamics  during

pregnancy requires comprehensive public health

strategies that extend beyond individual
supplementation  to  target the multiple
determinants of maternal anemia. Effective

interventions must integrate nutrition, infection
control, reproductive health services, health
system strengthening, and social determinants to
reduce the prevalence of low hemoglobin and
improve maternal and fetal outcomes [50].

Nutritional Interventions

Iron and folic acid supplementation during
pregnancy remains the cornerstone of anemia
prevention and management. Ensuring adequate
supply, early initiation, and adherence is critical.
In addition, broader nutrition-sensitive
strategies—including  promotion of dietary
diversity, fortification of staple foods with iron
and other micronutrients, and targeted
supplementation for high-risk groups—address
underlying nutritional deficiencies that contribute
to hemoglobin decline. Maternal nutrition
programs should also incorporate counseling and
education to improve dietary practices and
adherence to supplementation [51-52].

Infection Control

Infectious and parasitic diseases such as malaria,
HIV, and helminthiasis significantly exacerbate
maternal anemia, particularly in LMICs. Public
health strategies must include malaria prevention
through insecticide-treated bed nets, intermittent

preventive treatment, and vector control;
deworming programs; and timely diagnosis and
treatment of chronic infections. Integrating

infection control with antenatal care services
ensures that these measures are accessible and
effective [53].

Strengthening Antenatal Care Services
Early and regular antenatal care is essential for

monitoring hemoglobin levels, identifying at-risk
women, and providing timely interventions.
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Health systems should ensure adequate laboratory
capacity for hemoglobin assessment, availability
of supplements, trained healthcare personnel, and
effective follow-up. Community-based outreach
programs can improve access for rural,
marginalized, and hard-to-reach populations,
increasing early engagement with antenatal care
services [54].

Addressing Social Determinants and Equity

Socioeconomic and  environmental factors
strongly influence hemoglobin dynamics. Public
health policies should address poverty, food
insecurity, gender inequity, and education to
reduce structural barriers to maternal nutrition and
health care. Social protection programs,
conditional cash transfers, and educational
initiatives for girls and women can enhance
access to nutrition and health services, thereby
mitigating the broader determinants of anemia in

pregnancy [55].
Policy and Surveillance

Robust health policy and surveillance frameworks
are  essential to guide evidence-based
interventions. Governments should establish
national guidelines for anemia prevention and
management, integrate hemoglobin monitoring

into routine maternal health programs, and
implement trimester-specific  thresholds for
intervention. Strengthening data systems to

capture population-level and longitudinal trends
in hemoglobin can inform resource allocation,
program design, and evaluation [56-57].

Multisectoral and Integrated Approaches

Given the multifactorial determinants of maternal
anemia, multisectoral collaboration is critical.
Coordination between nutrition, maternal health,
infectious disease control, education, and social
welfare sectors ensures comprehensive
interventions that address both proximal and
structural determinants of hemoglobin decline.
Integrated approaches are particularly important
in high-burden settings, where overlapping risk
factors exacerbate maternal and fetal vulnerability
[57].
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Conclusion

Hemoglobin dynamics during pregnancy reflect a
delicate balance between physiological adaptation
and multiple interacting determinants, including
nutrition, infections, reproductive  factors,
socioeconomic conditions, and health system
capacity. While moderate declines in hemoglobin
are a normal feature of gestation, excessive
reductions—manifesting as maternal anemia—
remain a major global public health challenge,
particularly in low- and middle-income countries.
Persistent disparities in maternal hemoglobin
levels highlight the influence of structural and
contextual factors that extend beyond individual
clinical care. Maternal anemia has profound
implications for both maternal and fetal health,
contributing to increased risks of morbidity,
mortality, preterm birth, low birth weight,
intrauterine growth restriction, and long-term
developmental deficits in children. Addressing
these risks requires integrated, multisectoral
strategies that combine nutritional interventions,
infection control, strengthened antenatal care, and
policies targeting social determinants of health.
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