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ABSTRACT

Iron deficiency and iron deficiency anaemia remain among the most common nutritional disorders in pregnancy,
necessitating widespread use of oral and parenteral iron therapies. Despite advances in iron formulations and delivery
systems, therapeutic responses vary considerably, indicating that maternal physiological factors beyond drug design play
an important role. Physical activity, increasingly recommended as a non pharmacological intervention during pregnancy,
induces systemic adaptations that may meaningfully influence iron absorption, distribution, and bioavailability. This
narrative review examines current evidence on maternal physical activity as a physiological modulator of iron
pharmacokinetics and pharmacodynamics during pregnancy.

We synthesise findings from clinical, physiological, and translational studies that explore exercise induced changes in
gastrointestinal function, hepcidin regulation, insulin sensitivity, inflammatory status, and cardiovascular dynamics, all of
which are central to iron absorption and systemic handling. The review also discusses the role of enhanced uteroplacental
perfusion and placental transporter activity in shaping maternal—fetal iron transfer. Emerging evidence suggests that regular,
structured physical activity may improve iron bioavailability by reducing inflammation mediated iron sequestration,
optimising metabolic control, and supporting efficient placental iron transport.

Implications for both oral and intravenous iron therapies are considered, with particular attention to how maternal activity
status may influence dosing efficiency, therapeutic response, and fetal iron exposure. By integrating principles of exercise
physiology with drug delivery science, this review highlights maternal physical activity as an important, yet under
recognised, modifier of iron therapy effectiveness. Incorporating structured physical activity into antenatal iron
supplementation strategies may represent a low cost, adjunctive approach to optimising maternal and fetal iron status and
improving pregnancy outcomes

Key-words:Prenatal physical activity, Iron drug delivery, Iron bioavailability, Pregnancy pharmacokinetics, Placental iron
transport

How to cite this article: Joseph SE, Sankar M, Alagesan J, Suganthirababu P, Thomas A, Ramalingam V, Srinivasan V:
Physical Activity As A Modulator Of Iron Drug Delivery And Bioavailability In Pregnancy. Int J Drug Deliv Technol.

2026; 16(5s): 966-971; DOI: 10.25258/ijddt.16.5s.119
Source of support: Nil.
Conflict of interest: None

Iron deficiency and iron deficiency anaemia remain major
INTRODUCTION public health concerns during pregnancy, with important
Background: consequences for maternal well-being, fetal growth, and

*Author for Correspondence: smitajoseph77@gmail.com
Page: 966



Physical Activity As A Modulator Of Iron Drug Delivery And Bioavailability In Pregnancy

long-term child development.'* Although oral and
parenteral iron therapies are widely prescribed and
continually refined, clinical responses remain highly
variable. This variability suggests that factors beyond iron
formulation and dosing—particularly maternal
physiological states—play a critical role in determining iron
absorption, distribution, and utilization. Identifying
modifiable physiological modifiers of iron therapy is
therefore an important priority in antenatal drug delivery
research.*¢

Physical activity is increasingly recognized as a key
determinant of maternal physiology during pregnancy.’
Regular moderate-intensity exercise induces systemic
adaptations, including improved insulin sensitivity, reduced
low-grade inflammation, altered gastrointestinal function,
enhanced cardiovascular efficiency, and improved
placental perfusion. Each of these processes is directly
relevant to iron pharmacokinetics and pharmacodynamics,
influencing hepcidin regulation, intestinal iron absorption,
systemic iron trafficking, and maternal—fetal iron transfer.®
16 Despite this biological plausibility, the role of maternal
physical activity as a modifier of iron drug delivery and
bioavailability has received limited attention in
pregnancy-specific research.

This narrative review integrates evidence from exercise
physiology, placental biology, and iron pharmacology to
examine how physical activity may shape the effectiveness
of iron supplementation during pregnancy. By synthesizing
findings across clinical, physiological, and translational
studies, the review aims to provide a conceptual framework
for understanding exercise—iron interactions. Improved
insight into these relationships may inform more
personalized, physiology-driven approaches to antenatal
iron supplementation, with the potential to optimize
maternal iron status, support fetal development, and
improve pregnancy outcomes within a comprehensive drug
delivery paradigm.

Objectives:

This narrative review aims to synthesize current evidence
on the influence of maternal physical activity on iron
absorption, bioavailability, and pharmacokinetics during
pregnancy. It examines the physiological mechanisms
through which physical activity may modulate iron drug
delivery, including effects on hepcidin regulation,
inflammatory pathways, gastrointestinal function, and
placental iron transport. The review also evaluates how
variations in the type, intensity, and timing of physical
activity may affect the effectiveness of both oral and
parenteral iron therapies. In addition, it considers the
clinical implications of integrating structured physical
activity with iron supplementation strategies to optimize
maternal and fetal iron status. Finally, it identifies key
knowledge gaps and outlines future research priorities at the
intersection of exercise physiology and iron drug delivery
in pregnancy.

Discussion:

This narrative review brings together emerging evidence
that maternal physical activity may meaningfully shape iron
absorption, systemic bioavailability, and pharmacokinetics
during pregnancy. 1722 Although iron supplementation
remains the cornerstone for preventing and treating
gestational iron deficiency, clinical response is often
heterogeneous. Such variability implies that physiological
modifiers—beyond formulation, dose, and route—
contribute to treatment effectiveness. Physical activity is
one such modifier. By influencing gastrointestinal
absorption efficiency, inflammatory tone, plasma-volume
dynamics, and placental transport, exercise may alter how
much iron is absorbed, where it is distributed, and how
effectively it reaches the fetus. 4 172330

A central mechanistic pathway involves hepcidin, the
master regulator of iron homeostasis. Habitual,
moderate-intensity exercise is associated with reductions in
low-grade inflammation and improved metabolic health,
both of which are linked to lower basal hepcidin expression.
9:17.3135 Reduced hepcidin can, in turn, promote apical iron
uptake via enterocytes and mobilization of stored iron from
the reticuloendothelial system, potentially improving the
net yield from oral iron dosing. Exercise-related gains in
insulin sensitivity may further support erythropoiesis and
iron utilization by aligning energy metabolism with
hematopoietic demand. In parallel, modest enhancements in
gastrointestinal motility and mucosal health could improve
oral iron tolerance and absorption—an important
consideration  given adherence challenges  with
conventional salts. 3643

Cardiovascular and placental adaptations provide a second,
drug-delivery—relevant pathway. Regular maternal activity
improves cardiac output and uteroplacental perfusion,
changes that may support more efficient placental handling
of iron. Upregulation or improved function of placental
transporters, coupled with better oxygen and nutrient
delivery, could favorably influence transplacental iron flux
and fetal accretion, without necessitating higher maternal
doses. These systems-level effects align with the broader
concept that drug delivery in pregnancy is not solely a
property of the formulation but also of the maternal
physiological milieu through which the drug must pass.

The form, intensity, and timing of physical activity appear
to be critical determinants of the net effect on iron therapy.
Evidence favors structured, moderate-intensity activity
performed consistently across the week. In contrast, very
vigorous or prolonged bouts can transiently increase
post-exercise hepcidin and may blunt absorption if oral iron
is administered during this window. Practically, separating
iron dosing from high-intensity sessions (e.g., providing
supplements in the evening after morning exercise, or >6—8
hours post-bout) may help preserve absorption while
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retaining the broader metabolic benefits of training. These
considerations are directly actionable for drug-delivery
optimization, informing decisions on dosing schedules and
the choice between oral and parenteral routes when
absorption is constrained.!7- 24 28, 34, 44-46

Clinically, integrating a structured activity prescription with
iron supplementation is a low-cost, non-pharmacological
adjunct that could enhance therapeutic efficiency, reduce
interindividual variability, and improve maternal—fetal iron
status. Nonetheless, important knowledge gaps persist.
Pregnancy-specific pharmacokinetic studies remain scarce;
few trials explicitly manipulate exercise parameters
alongside iron dosing; and the time course of hepcidin and
transporter responses in late gestation is incompletely
defined. Priority areas include randomized trials testing
exercise timing relative to dosing, intensity thresholds that
preserve absorption, and placental mechanistic studies
linking perfusion, transporter expression, and fetal iron
endpoints. 473

In summary, positioning maternal physical activity
as apurposeful co-intervention in iron therapy
reframessupplementation from a purely pharmaceutical
solution to aphysiology-informed  drug-delivery
strategy.  Thisintegrated approach offers a
promising path to more

predictable, personalized care in pregnancy.

Conclusion:

This narrative review identifies maternal physical activity
as an important, yet insufficiently explored, factor
influencing iron drug delivery and bioavailability during
pregnancy. While the benefits of exercise for maternal and
fetal health are well established, emerging evidence
suggests that structured physical activity may also modulate
key physiological pathways relevant to iron
pharmacokinetics. These include regulation of hepcidin,
inflammatory status, gastrointestinal absorption, and

placental iron transport. By improving metabolic
efficiency, reducing low-grade inflammation, and
enhancing  uteroplacental  blood  flow, regular

moderate-intensity exercise may improve the effectiveness
of both oral and parenteral iron therapies without
compromising maternal or fetal safety.

From a drug delivery perspective, these observations
highlight the need to consider lifestyle-related
physiological factors when optimizing antenatal iron
supplementation strategies. The integration of structured
physical activity alongside iron therapy represents a
low-cost, non-pharmacological adjunct that may enhance
therapeutic response and reduce interindividual variability
in clinical outcomes. However, current evidence remains
limited by heterogeneous study designs and a lack of
pregnancy-specific pharmacokinetic data.

Future research should focus on well-designed clinical trials
and mechanistic studies that explicitly investigate exercise—
iron interactions, including the influence of exercise

intensity, timing, and modality on iron absorption and
distribution. Such interdisciplinary approaches are essential
to inform physiology-driven, personalized iron delivery
strategies and to optimize maternal and fetal iron status
within comprehensive antenatal care frameworks.
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