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Abstract

Background—Iron supplementation is recommended for pregnant women to meet their iron 

requirement for a healthy pregnancy. The benefits and risks of universal iron supplementation 

during pregnancy in malaria endemic countries are currently being debated. As part of a broader 

study that focused on the effect of heme/HO-1 on pregnancy outcomes in malaria in pregnancy, we 

determined the association between iron supplementation and free heme levels in blood of 

pregnant women with and without malaria in Ghana. We hypothesized that pregnant women with 

malaria who took iron supplements will have higher levels of Heme/HO-1 than those who did not 

take iron supplements.

Methods—A total of 337 women were recruited for this study. Blood samples were collected for 

malaria diagnosis and heme/HO-1 measurement. Quantification of heme was done using a heme 

colorimetric assay kit and HO-1 levels were performed using Enzyme-Linked Immunosorbent 

Assay (ELISA) on plasma samples.
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Results—Malaria positive iron supplemented women, in their third trimester, had significantly 

higher median levels of heme 59.3(43.1 – 60.4) than non-malaria iron supplemented women 

35.7(33.0 – 62.2), p = 0.026. Also, malaria positive iron supplemented women had significant 

higher median levels of HO-16.2(IQR 4.9 – 8.1) than pregnant women who did not take iron 

supplements 2.9 (IQR 2.1 – 3.8), p = <0.001

Conclusion—Although iron supplementation may be highly beneficial and improve pregnancy 

outcomes for iron deficient or anemic mothers, it is also likely that iron supplementation for 

pregnant women who are not iron deficient may put this group of women at risk for adverse 

pregnancy outcomes. Findings from this study sheds light on the effect of iron supplementation on 

malaria derived heme in pregnancy, which may inform how iron supplementation is recommended 

for pregnant women who are not iron deficient.
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Background

Plasmodium falciparum malaria is a serious public health concern in most sub-Saharan 

African countries and it threatens over 200 million people worldwide resulting in 438,000 

deaths annually with pregnant women and children at high risk [1]. In pregnant women, 

malaria infection is associated with high risks of severe disease with maternal anemia being 

one of the major complications [2]. Malaria-induced anemia is dependent on several factors 

including hemolysis or direct destruction of parasitized red blood cells that occur both 

intravascularly and by sequestration in the microcirculation mainly in the spleen, 

hypersplenism accompanied by a reduction in all three blood cell types (erythrocytes, 

thrombocytes and leucocytes) and shortened red cell survival through nonspecific and 

specific immune responses [3,4] In addition, malaria infection amongst pregnant women is 

most often asymptomatic and often goes undetected, but is associated with placental 

parasitization. Placental malaria infection is associated with Low Birth Weight (LBW), Pre-

Term Delivery (PTD), intrauterine growth retardation and neonatal mortality [5–8].

Pregnant women are routinely recommended to take iron supplements during pregnancy 

with the aim of meeting the increased iron demands during pregnancy [9]. Different studies 

have shown that iron supplementation results in positive maternal and neonatal outcomes 

[10]. However, the recent guidelines on antenatal care by the National Institute of Clinical 

Excellence in the UK does not recommend universal iron supplementation for all pregnant 

women because reports on the benefits of iron supplementation on maternal and infant 

health were inconsistent and showed negative side effects like gastroenteritis, reduced 

absorption of non-heme iron and increased oxidative stress [11]. Their recommendation is 

that iron supplementation should only be limited to women with Hemoglobin (Hb) 

concentrations < 11 g/dL in their first trimester or < 10.5 g/dL at 28 weeks of gestation [12].

Although it’s needed to meet the demands in pregnancy, iron supplementation paradoxically 

predisposes pregnant women and children to malaria and adverse outcomes [13–15]. Iron is 

essential for growth, proliferation and survival of malaria parasites [16]. The parasite 
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multiplies 8–32 times in the presence of iron during a single intra-erythrocytic lifecycle [17]. 

Clark, et al. [15] demonstrated that host iron status and iron supplementation mediate 

susceptibility to erythrocytic stages of P. falciparum through elevated erythropoietic rate. 

The mechanisms by which iron supplementation causes adverse pregnancy outcomes still 

remain unclear. In addition, parasite biomass causes hemolysis of Red Blood Cells (RBCs) 

resulting in production of parasite derived factors and host factors such as heme and Heme 

Oxgenase-1 (HO-1). Recently we reported that free heme and heme mediated signaling 

pathways are central in the pathogenesis of severe malaria [18]. We have previously shown 

in an in vitro model that excess free heme, a product of hemolysis associated with 

erythrocyte damage due to malaria infection, compromises the blood brain barrier, causing 

the barrier to become leaky and dysfunctional thereby exacerbating cerebral malaria 

complications [19]. Other studies have implicated HO-1 in the pathogenesis of, severe 

malaria severe preeclampsia, a pregnancy complication [20–23]. Animal studies demonstrate 

that the heme oxygenase system is an important regulator of placental development [24]. To 

our knowledge, the effect of iron supplementation on free heme in blood of pregnant women 

in malaria endemic region has not been studied. The objective of this study is to determine 

the effect of iron supplementation on free plasma heme in pregnant women with or without 

malaria infections. We hypothesized that pregnant women with malaria who took iron 

supplements will have higher levels of Heme and HO-1 than those who did not take iron 

supplements.

Materials

Whole blood (8 mL) was collected by venipuncture from the pregnant women at the time of 

delivery. The blood samples were used for heme and HO-1 analysis using a heme 

colorimetric assay kit from Bioassay systems and Human HO-1 Elisa kit from Enzo Life 

Sciences respectively. Whole blood was also used to detect plasmodium falciparum 
histidine-rich protein II via malaria antigen test (Histidine-Rich Protein II – Rapid 

Diagnostic Test [HRPII-RDT]). Dried blood spot was collected for malaria diagnosis by 

Polymerase Chain Reaction (PCR).

Methods

Ethical Considerations

IRB approval was sought and approved by Morehouse School of Medicine and the 

Committee on Human Research, Publications and Ethics, School of Medical Sciences, 

Kwame Nkrumah University of Science and Technology Kumasi and Korle Bu Teaching 

Hospital Accra for this study. Each participant of the study signed an informed consent form 

and for minors/children in the study, parent/guardian signed a written informed consent form 

on behalf of the minors/children enrolled in the study.

Study design and population

This was a cross-sectional study conducted during November-December 2006, of women 

who had a singleton and uncomplicated pregnancy with no clinical symptoms of malaria 

(asymptomatic malaria) presenting at their third trimester for delivery at two hospitals in 
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Kumasi, the Komfo Anokye Teaching Hospital (KATH) and the Manhyia Polyclinic, and the 

Korle-Bu teaching hospital in Accra. Women were screened when they came for their 

antenatal care. These women did not show any clinical symptoms of malaria when they were 

screened. They were asymptomatic but positive for malaria at delivery. This cross-sectional 

study does not provide information on the duration of exposure to parasites.

Enrollment Criteria

All women who had a singleton, uncomplicated pregnancy were invited to participate. 

Women were identified from admission records. Women with Multiple births, previous 

caesarian section, hemorrhage, pre-eclampsia; sickle cell and hypertension were excluded 

from the study. After informed consent was obtained, a questionnaire was administered by a 

trained interviewer. The questionnaire included information on demographic characteristics 

(age, education, socioeconomic status, residence, and toilet facilities), obstetric history for 

current and previous pregnancies (stillbirth, ectopic pregnancy, preterm delivery, and LBW), 

illnesses, and treatments during the pregnancy (iron supplements, Malaria prophylaxis etc). 

Questionnaire content was derived from a model questionnaire recommended for use by 

Roll Back Malaria Monitoring and Evaluation Reference group (malaria indicator survey, 

women’s questionnaire). Obstetric information was obtained from the women’s Antenatal 

Care (ANC) charts. ANC charts provided information on gestational age at first ANC visit, 

number of antenatal care visits, gestational age as assessed by palpation or ultrasound at first 

ANC visit, tetanus immunization, malaria prophylaxis etc. Whole blood(8 mL) was 

collected by venipuncture from the pregnant women before delivery for determination of 

hemoglobin levels, serum folate levels and malaria antigen test (Histidine-Rich Protein II – 

Rapid Diagnostic Test [HRPII-RDT])[25,26]. Birth outcome information was collected after 

delivery. The blood sample was used for heme/HO-1 analysis and for Deoxyribonucleic 

Acid (DNA) extraction. A dried blood spot was collected for malaria diagnosis. Plasmodium 

DNA was extracted from the dried blood on the filter paper. HRPII-RDT was used to 

initially detect plasmodium falciparum histidine-rich protein II and Polymerase Chain 

Reaction (PCR) was used to confirm the presence of plasmodium falciparum DNA and to 

exclude plasmodium vivax, plasmodium malariae, and plasmodium ovale [27]. All pregnant 

women with positive HRPII and PCR for P. falciparum were classified as malaria positive 

and those with negative HRPII and PCR were classified as malaria negative.

Heme and HO-1 quantification

To quantify heme, Plasma was centrifuged for 30 min at room temperature at 1200×g to 

remove contaminating red blood cells. Total heme was quantified using a Heme 

Colorimetric Assay Kit according to the manufacturer’s instructions (BioAssay System, 

Hayward, CA). HO-1 levels in the plasma of pregnant women with and without malaria 

were measured by ELISA using a Human HO-1 Enzyme Immunoassay kit (ENZO Life 

Sciences, Plymouth Meeting, PA). HO-1 levels were measured using optimal concentrations 

of standards and antibodies according to the manufacturer’s instructions. The data was 

analyzed at 450 nm wavelength using a Spectra Max 190 fluorescence micro plate reader 

(Molecular Devices Corp., Sunnyvale, CA).
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Definition of Variables

Uncomplicated pregnancy: absence of hypertension, pre-eclampsia, no history of a previous 

caesarean section and hemorrhage, and a normal presentation of the fetus. Malaria infection: 

presence of malaria antigen in the mother’s peripheral blood at the time of delivery. Anemia: 

hemoglobin levels < 11 g/dL of blood. Severe anemia: hemoglobin level < 8g/dL. Low Birth 

Weight (LBW): weight less than 2500 g at birth regardless of gestational age. Term baby: 

birth between 37 and 42 weeks Preterm Delivery (PTD): delivery occurring before 37 

completed weeks of gestation [25,28]. Post-term: birth after 42 weeks of gestation.

Statistical Analysis

Data analysis was conducted using SPSS software version 18.0 for windows (SPSS Inc., 

Chicago, IL). Socio-demographic differences and obstetric characteristics were compared 

using Pearson Chi-square or one-way analysis of variance where appropriate to determine 

statistical differences between the groups. Mann Whitney test was used to compare for 

statistical differences in heme levels and HO-1 levels among pregnant women. Chi square 

was used to determine the factors associated with pre-term delivery. All analyses with a P 
value of ≤ 0.05 were considered significant.

Results

Study population

A total of 337 women were recruited for this study. The age distribution for the women 

ranged from 15–45 years of age with the median age of the women being 26 years; 13.4% 

were less than 20 years, and 23.6% had a weekly income of less than US$10. A total of 90 

(26.7%) pregnant women had malaria and a total of 247 (73.3%) did not have malaria. Out 

of 337 women, 61(18%) women had preterm delivery and 62 (18.4%) women had low birth 

weight deliveries. About 73%of the women who used Sulfadoxine Pyrimethamine (SP) as a 

form of intermittent preventive treatment in pregnancy (IPTp) were malaria negative.

Hematological Characteristics

There were significant differences in hematological characteristics between non-malaria and 

malaria subjects. Non-malaria subject had significant higher levels of hemoglobin (non-

malaria, 12.6 gm/dL vs. malaria, 11.6 gm/dL, p < 0.0001), White Blood Cell (WBC) (non-

malaria, 7.1×103/mL vs. malaria, 6.0×103/mL, p < 0.0001) and platelet (non-malaria, 

243×103/mL vs. malaria, 171×103/mL, p < 0.0001) (Table 1).

Factors associated with Preterm Deliveries among Women with and without Malaria

Table 2 shows the demographic and obstetric characteristics of women by delivery status. 

The results show that parity (p = 0.036), weekly Income (p < 0.0001) and marital status (p = 
0.011) were associated with PTD (Table 2). Single women, poorer women, and Nulliparous 

women, had an increased susceptibility to PTD (Table 2). Age, formal education, and doses 

of Sulfadoxine Pyrimethamine (sp) were not factors associated with preterm delivery.
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P. falciparum infection in pregnancy is associated with increased free plasma heme

To examine the association between Heme and malaria infection, we measured the heme 

levels in malaria and non-malaria pregnant women. Women with malaria had significantly 

higher median levels of heme in their peripheral blood (42.3 μM) than non-malaria pregnant 

women (34.6 μM), p = 0.006 (figure 1).

P. falciparum infection in pregnancy is associated with increased plasma HO-1

To examine the association between HO-1 and malaria infection, we measured the HO-1 

levels in malaria and non-malaria pregnant women. Women with malaria had significantly 

higher median circulating HO-1 levels (7.3 ng/ml) than non-malaria women (5.6 ng/ml), p 
<0.0001 (figure 2).

Iron supplementation in pregnancy is associated with increased free plasma heme

Women who took iron supplements had significantly higher median levels of heme (59.3 

μM) than those who did not take iron supplements (35.7 μM), p= 0.026 (figure 3).

Iron supplementation in pregnancy is associated with increased plasma HO-1

Women who took iron supplements had significantly higher median levels of HO-1 (3.9 

ng/ml) than those who did not take iron supplements (2.8 ng/ml), p =< 0.001 (figure 4).

Iron supplementation in pregnancy is associated with increased free plasma heme in 
women with malaria

In the current study, iron supplementation was associated with increased free plasma heme 

in women with malaria. Malaria positive women who took iron supplements had significant 

higher median levels of heme (59.3 μM) than malaria positive women who did not take iron 

supplements (36.5 μM), p = 0.04 (figure 5).

Iron supplementation in pregnancy is associated with increased plasma HO-1 in women 
with malaria

Iron supplementation was found to be associated with increased plasma HO-1 levels in 

women with malaria in this study. Women with malaria who took iron supplements had 

significant higher median levels of HO-1(6.2 ng/ml) than women with malaria who did not 

take iron supplements (2.9 ng/ml), p =< 0.001 (figure 6).

Increased free plasma heme is associated with preterm delivery

Interestingly, the study found an association in increased free plasma heme and preterm 

delivery. Women who had preterm delivery had significant higher median levels of heme 

(63.2 μM) than women who had full term delivery (52.2 μM), p = 0.030 (figure 7).

Discussion

Previous studies have demonstrated that placental malaria at delivery was associated with an 

increased risk of LBW and PTD [29]. This led us to hypothesize that parasite derived factors 

and host factors such as heme and heme oxygenase-1 play a role in the pathogenesis of 
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malaria. In malaria-endemic areas, a significant proportion of individuals considered 

asymptomatic, carry parasites without presenting signs and symptoms of clinical malaria 

[30]. It is important to note that the women enrolled in this study were asymptomatic for 

malaria during labor. In this study, we demonstrated that pregnant women in general who 

took iron supplements had significantly higher levels of heme and HO-1 than pregnant 

women who did not take iron supplements. Among malaria positive pregnant women, those 

who took iron supplements had significantly higher heme and HO-1 levels than those who 

did not take iron supplements. We also showed that malaria positive pregnant women had 

increased plasma heme and HO-1 than malaria negative pregnant women. In addition we 

showed that, pregnant women who had preterm deliveries had increased plasma heme than 

pregnant women who did not have preterm deliveries. Pregnant women were supplemented 

with iron not according to disease or any clinical background or health issues, but due to 

socioeconomic reasons and availability of iron supplements. The observations made from 

this asymptomatic group can be predictors of more severe outcomes in a population with 

mild and severe malaria.

Recent studies have shown that the pathogenesis of severe malaria is not only due to 

parasitemia but also to parasite derived factors and host factors such as heme and Heme 

Oxgenase-1 (HO-1) as a result of hemolysis. We reported that free heme and heme mediated 

signaling pathways are central in the pathogenesis of severe malaria [18]. We have 

previously shown that excess free heme, a product of hemolysis associated with erythrocyte 

damage due to malaria infection, compromises the blood brain barrier causing the barrier to 

become leaky and dysfunctional thereby exacerbating cerebral malaria complications [23]. 

Other papers have implicated HO-1 in the pathogenesis of severe preeclampsia [20] which 

demonstrates that the heme oxygenase system is an important regulator of placental 

development [24].

Heme is an extremely important molecule involved in various biological reactions, such as 

oxygen transport, respiration, drug detoxification and signal transduction [31]. However, 

circulating free heme is cytotoxic to the host and can trigger an intense oxidative burst and 

unspecific tissue damage [28]. This deleterious effect is countered by the up-regulation of 

the heme catabolizing enzyme Heme Oxygenase-1 (HO-1), encoded by the Hmox1 gene that 

catabolizes heme into iron (Fe), biliverdin and Carbon Monoxide (CO) [23,32]. Severe 

hemolysis occurring in diseases like sickle cell disease, ischemia reperfusion, and malaria 

results in high levels of free heme, causing undesirable toxicity in organ, tissue, and cellular 

injury [31,33]. Free heme is a prolific source of redox-active iron that is involved in the 

Fenton reaction to produce toxic free hydroxyl radicals [34]. ROS damage lipid membranes, 

proteins and nucleic acids, activate cell signaling pathways and oxidant sensitive, pro-

inflammatory transcription factors, change protein expression, and disturb membrane 

channels [34,35]. According to Kumar, et al. [31], free heme catalyzes the oxidation, 

covalent cross-linking and aggregate formation of protein and its degradation to small 

peptides. It also catalyzes the formation of cytotoxic lipid peroxide via lipid peroxidation, 

which enhances membrane permeability, thereby stimulating cell lysis and death and 

damages DNA through oxidative stress [31,36,37]. Heme impairs lipid bilayers and 

organelles, such as mitochondria and nuclei, and destabilizes the cytoskeleton by injecting 

itself in the membrane [31,37]. Heme is a potent hemolytic agent and alters the 
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conformation of cytoskeletal protein in red cells [38]. Free heme causes endothelial cell 

injury, leading to vascular inflammatory disorders and stimulates the expression of 

intracellular adhesion molecules [31,39]. Belcher, et al. [40] showed how Heme 

Oxygenase-1 (HO-1) alleviates vascular inflammation and vaso-occlusion in murine models 

of Sickle Cell Disease (SCD). They demonstrated that hemoglobin, heme and iron derived 

from hemolysis of sickle red blood cells in murine models of SCD, foster excessive ROS 

production resulting in vaso-occlusion and vascular inflammation via endothelial cell 

activation and expression of adhesion molecule on the vessel wall. This damaging effect is 

countered by the upregulation of HO-1 in the endothelium thereby alleviating and preventing 

vaso-occlusion and the subsequent vascular inflammation frequently seen in SCD patients 

[40]. Other heme scavenging systems that are available in mammals to avert extracellular 

heme toxicity besides the Heme Oxygenase (HO) system include Haptoglobin (Hp) [41,42] 

and Hemopexin (Hx) [37] and albumin[31]. These heme scavenging systems detoxify free 

heme by forming a non-toxic heme complex or by its degradation or by scavenging free 

redox-active iron (ferritin) released after heme catabolism [31]. Free hemoglobin released 

during hemolysis is captured by its carrier Hp and transported to macrophages of the 

reticuloendothelial system where it is bound by the scavenger receptor CD163. When the 

plasma Hp capacity is overwhelmed, hemoglobin is rapidly oxidized to methemoglobin, 

which releases free heme [43]. Hx is primarily expressed in the liver, brain and retina and it 

is a 57-kDa acute phase plasma glycoprotein able to bind equimolar amount of heme and 

move it into circulation [37,44]. Hx serves the role of a heme scavenger by maintaining 

lipophilic heme in a soluble state in aqueous environment and is essential in the reutilization 

of heme-bound iron and prevention of heme-induced oxidative damage and cell death [45]. 

Albumin complexes with heme can avert the toxic effects of extracellular heme in blood 

plasma [46]. Heme-albumin complex acts as a heme depot [47] and when Hx is exhausted, 

heme can bind wholly to albumin [48].

Iron supplementation during pregnancy increases the iron stores of the mother. There are 

two contradictions surrounding the health of pregnant women in malaria endemic areas with 

regards to iron supplementation [49]. This is because low levels of iron during pregnancy 

reduce parasite viability but high levels of iron promote parasite replication in red blood 

cells. The replication of plasmodium inside red blood cells leads to hemolysis and the 

subsequent release of cell-free hemoglobin [28,50]. In the presence of Reactive Oxygen 

Species (ROS) cell-free hemoglobin is readily oxidized into its heme prosthetic groups 

[29,51]. Circulating free heme is cytotoxic to the host and can trigger an intense oxidative 

burst and unspecific tissue damage [28].

Many factors can contribute to PTD, so we assessed the factors associated with PTD in this 

specific population. We observed that Parity (p = 0.036), weekly Income (p < 0.0001) and 

marital status (p = 0.011) were associated with PTD. We have shown in this study that 

pregnant women who took iron supplements had increased plasma heme levels than 

pregnant women who did not take iron supplements. We have also shown that, pregnant 

women who had preterm deliveries had increased plasma heme than pregnant women who 

did not have preterm deliveries. We also showed that malaria positive pregnant women had 

increased plasma heme/HO-1 than non-malaria pregnant women.
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Numerous studies have highlighted the benefits of iron supplementation, and some have 

shown us the adverse outcomes as well. For example, a study conducted on Tanzanian 

children, showed increased mortality among the children who received iron supplementation 

[15]. Risks and benefits of iron supplementation need to be further examined. Although iron 

supplementation presents a lot of benefits when the pregnant woman is iron deficient, there 

may be risks to mothers who are not iron deficient. The study was limited in that it was not 

originally designed as an iron supplementation trial. Some information about iron 

supplementation was not available like, iron supplementation dose and ferritin levels. We 

also do not have information on how many malaria episodes the women had throughout the 

course of their pregnancy. Therefore our analyses are limited.

In the course of this study, many interesting questions arose such as how does imbalance of 

the heme/HO-1 system affect placental cells or fetal development? Is there any genetic 

variation in pregnant women to producing higher or lower levels of HO-1? If so will this 

affect pregnancy outcomes? Can these factors be targeted for future development of 

preventive chemotherapy against both parasites and hemolysis or heme production in 

pregnancy during malaria infection? We are currently examining the association between 

Heme and HO-1 levels and birth outcomes. We are also looking at the effect of heme on 

trophoblast cells (BeWo cells) and also determining Polymorphism(s) in HO-1 Gene and its 

association with pregnancy outcomes in pregnant women with malaria and without malaria. 

The results of this study are significant in the field of iron supplementation research in 

general and individuals who suffer hemolysis due to other causes including bacterial and 

hemorrhagic fevers. These observations in our view stimulate new research directions that 

may lead to development of novel adjuvant therapy to protect against malaria-associated 

morbidities and mortalities in pregnancy. A more robust and larger prospective study is 

needed to confirm these results.
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ROS Reactive Oxygen Species

HO-1 Heme Oxygenase-1

CO Carbon Monoxide
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LBW Low Birth Weight

PTD Pre-Term Delivery

Hb Hemoglobin

RBCs Red Blood Cells

HRPII-RDTHistidine-Rich Protein II – Rapid Diagnostic Test

PCR Polymerase Chain Reaction

KATH Komfo Anokye Teaching Hospital

ANC Antenatal Care

DNA Deoxyribonucleic Acid

AGA Appropriate For Gestational Age

SGA Small For Gestational Age

LGA Large For Gestational Age

WBC White Blood Cell

SCD Sickle Cell Disease

Hx Hemopexin
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Figure 1. 
Free plasma heme levels among malaria and non-malaria women. Mann Whitney test was 

used to compare for statistical differences in heme levels among pregnant women. Statistical 

significance was set at P < 0.05.
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Figure 2. 
Plasma HO-1 levels among malaria and non-malaria women. Mann Whitney test was used to 

compare for statistical differences in HO-1 levels among pregnant women. Statistical 

significance was set at P < 0.05.
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Figure 3. 
Free plasma heme levels among women with or without iron supplementation. Mann 

Whitney test was used to compare for statistical differences in heme levels among pregnant 

women who took iron supplements. Statistical significance was set at P < 0.05.
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Figure 4. 
Plasma HO-1 levels among women with or without iron supplementation. Mann Whitney 

test was used to compare for statistical differences in HO-1 levels among pregnant women 

who took iron supplements. Statistical significance was set at P < 0.05.
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Figure 5. 
Free plasma heme levels among malaria positive pregnant women with or without iron 

supplementation. Mann Whitney test was used to compare for statistical differences in heme 

levels among malaria positive pregnant women who took iron supplements. Statistical 

significance was set at P < 0.05.
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Figure 6. 
Plasma HO-1 levels among malaria positive pregnant women with or without iron 

supplementation. Mann Whitney test was used to compare for statistical differences in HO-1 

levels among malaria positive pregnant women who took iron supplements. Statistical 

significance was set at P < 0.05.
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Figure 7. 
Free plasma heme levels among women with or without pre-term delivery. Mann Whitney 

test was used to compare for statistical differences in heme levels among malaria positive 

pregnant women with preterm deliveries. Statistical significance was set at P < 0.05.
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Table 1

Hematological characteristics of Malaria and Non-malaria women.

Characteristics Non-malaria (IQR) N = (247) Malaria (IQR) N = (90) p-value

Hemoglobin (gm/dL) 12.6 (11.6 – 14.5) 11.6 (10.9 – 13.6) < 0.0001

WBC (×103/mL) 7.1 (5.6 – 7.7) 6.0 (4.3 – 7.6) < 0.0001

Platelet (×103/mL) 243 (164 – 311) 171 (85 – 209) < 0.0001

Pearson Chi-square (X2) test was used to compare for statistical differences among pregnant women. Statistical significance was set at P < 0.05.
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Table 2

Demographic and obstetric characteristics of women by delivery status, (N = 337).

Characteristics Full Term Delivery Preterm delivery P-values

Age

< 20 29(10.6%) 12(19.7%) 0.205

20–24 78(28.6%) 19(31.1%)

25–29 83(30.4%) 15(24.6%)

≥ 30 83(30.4%) 15(24.6%)

Formal Education

None 57(20.9%) 13(21.3%) 0.554

Primary 40(14.7%) 13(21.3%)

Middle School 32(11.7%) 9(14.8%)

Junior Secondary 97(35.5%) 22(36.1)

≥ Senior Secondary 42(15.4%) 4(6.6%)

Marital Status

Single 51(18.7%) 30(49.2%) 0.011

Married 161(59.0%) 23(37.7 %)

Living in Union 61(22.3%) 8(13.1%)

Weekly Income in dollars

< 10 30(11.0%) 26(42.6%) < 0.0001

10–20 14(5.1%) 7(11.5%)

20–40 135(49.5%) 15(24.6%)

≥ 40 92(33.7%) 13(21.3%)

Parity

Nulliparous 98(35.9%) 31(50.8%) 0.036

Primiparous 122(44.7%) 25(41.0%)

Multiparous 53(19.4%) 5(8.2%)

Sulfadoxine pyrimethamine doses

One 65(29.5%) 11(45.8%) 0.252

Two 113(51.4%) 10(41.7%)

Three 42(19.1%) 3(12.5%)

Pearson Chi-square (X2) test was used to compare for statistical differences among pregnant women. Statistical significance was set at P < 0.05.
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