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ABSTRACT

Background:Malaria and anemia especially iron-deficiency anemia are two primary maternal health
complications in areas where malaria is endemic. During pregnancy changes in the immune and
blood systems potentially predispose women to different infections. The complex interplay between
the parasite and host influences the relationship between iron deficiency and malaria infection in
hosts. Recognizing the relationship between malaria infections and iron deficiency is crucial for
refining antenatal care.

Objectives: To determine the impact of maternal iron levels on the risk of malaria infection in
women of childbearing age residing in malaria-endemic areas.

Methodology: this cross sectional study at department Community Medicine Department Khyber
Medical College Peshawar 150 pregnant women was obtained using non-probability sampling
techniques. The study assessed the iron status of pregnant women which included checking their
haemoglobin serum ferritin serum iron concentration and transferrin saturation levels. Malaria was
diagnosed using peripheral smear and rapid diagnostic tests. The population was then analyzed to
determine their iron sufficiency status and the respective group to which they belonged. The data
were analyzed using SPSS version 24.0.

Results:80 of 150 patients. The patients had Mean age of 26.4 years with a standard deviation of
4.8 years. The results indicated that malaria was present in 58 of the 120 iron-deficient female
patients which constituted 48.3% with a statistical significance of 0.003. In contrast only 22 of the 80
iron-sufficient females had malaria resulting in an infection rate of 27.5% with a statistical
significance of 0.003. The mean haemoglobin concentration of patients with malarial infection was 9.1
+ 1.2 g/dL while that of infected patients without malarial infection was 10.6 + 1.4 g/dL showing a
statistically significant difference of less than 0.001. The analysis revealed a negative correlation
between the amount of serum ferritin and the level of parasitemia with a correlation coefficient of r = -
0.41 and a p-value of 0.01.

Conclusion: During iron deficiency pregnant women have an elevated risk of malaria infection
indicating that iron supplementation strategies must be developed and tailored accordingly. Antenatal
care that monitors and corrects iron deficiency will reduce the complications of malaria particularly in
areas with high malaria transmission.
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INTRODUCTION

The Diseases presents substantial public health
challenges particularly in widespread areas of
developing nations that threaten vulnerable maternal
communities including pregnant women. The World
Health Organization documented that sub-Saharan
African pregnant women faced malaria infection in
2021 which produced 819 000 newborns with low
birth weight among 11 million exposed females [1].
The most destructive strain affecting pregnant women
is Plasmodium falciparum though P. Vivax
infections have been recorded in specific regions. The
disease course of malaria during pregnancy produces
maternal Anemia and miscarriages as well as
stillbirths  together with limited fetal growth and
premature births [2]. WHO data indicates that
Anemia affects 40 percent of pregnant women
throughout the world as iron deficiency causes most
of these cases [3]. The maternal body requires
substantial increases in iron during pregnancy to
support fetal development along with an increase in
blood volume. Studies have vyielded conflicting
opinions on the interaction between iron deficiency
and malaria-related issues. Studies indicate that low
iron levels can protect against malaria because
parasites lack the necessary iron to grow [4]. The
investigation of immune system function in iron
deficiency has yielded results indicating a reduced
ability to combat infections such as malaria and
other diseases along with disrupted immune function
[5]. Study indicates that both supplementation and
prophylaxis combination are essential for protecting
pregnant women against malaria infection
particularly in regions with proven high levels of both
diseases [6]. The current national and global health
guidelines recommend that healthcare providers
provide iron supplements to pregnant mothers during
antenatal care [7]. The implementation of iron
supplements in malaria-endemic areas necessitates
further continuous investigation regarding suitable
dosages along with safety assessments of these
interventions. Several studies have investigated the
impact of iron supplements on the risk of malaria. A
Zanzibar trial with randomized subjects revealed that
all-patient iron supplementation elevated the risk of
severe malaria in children dwelling in regions with
high transmission rates [8]. The study indicates
incomplete findings regarding this concern for
pregnant women. The study must determine whether
iron deficiency in pregnant mothers leads to different
malaria susceptibility compared to non-anaemic
expectant mothers. The study investigates whether
iron deficiency status is associated with malaria
infection risks among pregnant women visiting
antenatal care services at a tertiary care hospital in an
endemic malaria area [9]. This study seeks to reveal
the connection between iron levels and malaria
exposure in pregnant women to establish better
customized  antenatal  treatment  approaches
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particularly when malaria and IDA coexist in
endemic territories [10].

MATERIAL AND METHODS

This Study Conducted In Department Of Community
Medicine Department Khyber Medical College
Peshawar From Jan 2023 To Jan 2024. A non-
probability consecutive sampling technique was
employed to include 150 pregnant women who
attended antenatal clinics at various trimesters.
Participants provided their consent for the study
before it was conducted and their evaluations for iron
status and malaria infection were then conducted.
Laboratory technicians performed standard tests to
evaluate both iron parameters and haemoglobin levels
as well as serum iron and ferritin levels and
transferrin  saturation levels. Malaria diagnosis
requires evaluation through peripheral blood smears
together with rapid diagnostic tests. The study
participants were categorized into two groups: iron-
deficient and iron-sufficient based on their iron
levels. A structured proforma  supported
documentation of clinical information as well as
laboratory results and malaria infection diagnoses.
Approval from the institutional review board served
as the basis for ethical permission.

INCLUSION CRITERIA

Clinic patients aged 18-40 years who consented to
participation and received standard iron and malaria
tests were included in the study regardless of their
trimester or pregnancy order.

EXCLUSION CRITERIA

hematology disorders and liver disease with chronic
renal disease as well as recent malaria treatment and
long-term iron therapy exceeding four weeks
resulted in patient exclusion.

DATA COLLECTION

A pre-established questionnaire was used for data
collection and structured laboratory evaluations were
conducted. A team recorded both the clinical history
and physical examination findings as well as malaria
diagnostic results and iron status indices. The
hospital’s  central laboratory utilized trained
technicians who performed testing following
completion checks to ensure data correctness.

STATISTICAL ANALYSIS

The data analysis was conducted using SPSS version
20.0. The study reported categorical variables in
terms of frequencies along with percentages. The
mean value is accompanied by standard deviation as
a method for presenting continuous variables. The
study employed the Chi-square test to examine the
relationship between iron status and malaria
diagnosis. Pearson correlation was used to analyze
the relationship between serum ferritin and
parasitemia severity. P-value <0.05 was considered
significant.
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RESULTS

The study included 150 pregnant women throughout
its investigation. All participants were 26.4 + 4.8
years old on average. The study group consisted of
120 participants who were iron-deficient while 80
patients had a normal iron balance. Results from the
study showed malaria infection present in 80 patients
(40%) among the total study sample. Women with
iron deficiency showed a substantial association with
malaria infection at 58 (48.3%) while women with
sufficient iron showed only 22 (27.5%) cases (p =
0.003). The inverse relationship between blood
parasitic levels and serum ferritin counts became

Figure 1. Malaria Distribution in Iron-Deficient Women

Malaria Positive (48.3%)

statistically significant with a correlation value of -
041 (p = 0.01). The frequencies of infection
remained similar throughout all pregnancy trimesters.
The study indicates that iron deficiency makes
pregnant women more vulnerable to acquiring
malaria. The risk of infection increased significantly
when female patients had both low ferritin levels and
low haemoglobin levels simultaneously. The study
results verify that changes in iron homeostasis affect
how hosts interact with pathog by demonstrating the
importance of personalized approaches treating to
pregnancy anent specifically in malaria-endemic
Zones.

Malaria Negative (51.7%)

Figure 1 (left) malaria status among iron-deficient women. Malaria positivity was observed in 48.3%

of participants while 51.7% were malaria negative.

Figure 2. Malaria Infection by Iron Status in Women
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Figure 2 (right) shows malaria infection stratified by iron status. Among iron-deficient women
48.3% were malaria positive compared with 27.5% in iron-sufficient women. Conversely 51.7% of
iron-deficient women and 72.5% of iron-sufficient women were malaria negative. Percentages

represent proportions within each subgroup.
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Table 1. Demographic and Clinical Characteristics of the Study Population

Variable Value Statistical Test Used
Mean Age (years) 26.4+4.8 Independent t-test
Gravidity >2 n (%) 110 (55%) Chi-square test
Trimester (1st) n (%) 50 (25%) Chi-square test
Trimester (2nd) n (%) 80 (40%) Chi-square test
Trimester (3rd) n (%) 70 (35%) Chi-square test

Table 1 presents demographic and clinical characteristics of pregnant women included in the study. The mean
age was 26.4 years. Distribution across gravidity and pregnancy trimesters was assessed using Chi-square tests.

Table 2. Iron Status and Malaria Infection Rates

Iron Status Total Women Malaria Positive Malaria Negative Statistical Test p-
(n) (n %) (n %) Used value
Iron- 120 58 (48.3%) 62 (51.7%) Chi-square test 0.01
Deficient
Iron- 80 22 (27.5%) 58 (72.5%) Chi-square test 0.01
Sufficient

Table 2 demonstrates malaria infection rates by iron status. Malaria prevalence was significantly higher among
iron-deficient women (48.3%) compared with iron-sufficient women (27.5%). Group differences were tested
using Chi-square analysis (p = 0.01).

Table 3. Haematological Parameters by Malaria Status

Parameter Malaria Malaria Statistical Test p-
Positive Negative Used value
Haemoglobin (g/dL) 91+12 106+14 Independent t-test <0.001
Serum Ferritin (ng/mL) 184+6.1 279+ 74 Independent t-test 0.01
Serum Iron (pg/dL) 426 +12.3 62.8 £15.1 Independent t-test 0.003
Transferrin Saturation 142+55 21.6+6.2 Independent t-test 0.007

(%)

Table 3 compares hematological parameters by malaria status. Malaria-positive women had significantly lower
hemoglobin serum ferritin serum iron and transferrin saturation levels compared to malaria-negative women.
All variables were analyzed using independent t-tests with statistical significance defined as p < 0.05.

DISCUSSION reported that iron deficiency may protect

against malaria due to the parasite

The our study analysis revealed a significant
relationship between the rates of iron
deficiency and the degree of exposure to
malaria among pregnant women[10-11]. This
has been noted in previous literature stressing
the intricate interplay between iron deficiency
and malaria. Several previous studies have
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Plasmodium not having sufficient iron to
complete its lifecycle [12]. In a study of
Tanzanian children those with lower iron
stores had reduced cases of clinical malaria
compared to children with normal iron levels
[13-14]. In our study malaria-infected iron-
deficient pregnant women had lower levels of
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haemoglobin and ferritin  which according to our
findings resulted in higher parasite loads [15-16].
Okafor et al. in Nigeria reported that pregnant women
with iron deficiency anemia had increased occurrences
of P. falciparum and adverse pregnancy outcomes [17].
Ekvall et al. stated that pregnant women in
Mozambique with low serum ferritin suffered from
worsened anemia and were more likely to have
placental malaria [18]. This situation calls for the
development of complex strategies that will provide
protection against iron deficiency and also prevent
malaria especially in resource-poor settings.As noted in
this study women with normal iron levels lower
infection risks and better blood test results experienced
a reduced risk of infection. Results suggest that
balanced iron levels provide the ideal relationship
between immune function and parasite control
compared to excessive supplementation and deficiency
states [19]. The WHO states that in regions with
malaria transmission iron supplementation should be
accompanied by additional malaria control measures
such as insecticide-treated nets and intermittent
preventive malaria treatment [20-21]. In our study the
results of the correlation between serum ferritin and
parasitemia severity support the concept that iron
storage influences the mechanisms of malaria disease.
Findings from Gera and Sachdev's meta-analytic study
confirmed an increased susceptibility to malaria among
untreated individuals when iron levels were elevated.
The criteria for determining individualized iron
treatment in pregnancy must be tailored to use patient-
specific elements and the intensity of malaria
transmission in the region. Our study contributes to the
body of research detailing the complex interaction of
iron and malaria in pregnant women. There is a need for
longitudinal studies to demonstrate direct positive
causation and evaluate the effect of iron with strong
malaria preventive measures and highly integrated iron
administration.

LIMITATIONS

The study was limited by the cross-sectional design
which does not allow for the establishment of cause-
and-effect relationships. The single-center nature of the
study also affects the generalizability of the findings.
The lack of clear parasite concentration measurements
and the analysis of seasonal malaria transmission may
also explain some of the relationships studied.

CONCLUSION

The implications of anemia in pregnant women include
increased vulnerability to malaria infections. Optimal
management of anemia would improve patient
outcomes and reduce the associated risks. Integrated
approaches to managing anemia and preventing malaria
are most needed in endemic regions.

FUTURE FINDINGS

The study community should conduct systematic
follow-up studies to elucidate the pathway by which
iron concentration levels influence the severity of
malaria disease. During studies in diverse regions with
varying malaria prevalence and nutritional status the
interaction ~ of  specifically ~ formulated iron
supplementation and malaria prophylactic drugs in
pregnant women should be prioritized.
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