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Abstract 
Background: Anemia is one of the most widely prevalent disorders, affecting 
the lives of almost half a billion women of reproductive age, contributing to 
over 100,000 maternal and almost 600,000 perinatal deaths (mostly through 
pre-term delivery, low birth weight) each year. Increased risk of infant mor-
tality and reduced cognitive development and reduced energy levels which af-
fect productivity in adults are cited. During pregnancy increased require-
ments, inadequate intake of iron and other micronutrients and parasitic (ma-
laria, hookworm) as wells as bacterial (mostly urinary tract) infections are the 
main causes. In order to reduce such maternal and neonatal burden, it has been 
worldwide admitted to adopt cost-effective preventive interventions during 
pregnancy, including iron-folic acid supplementation, de-hookworming medi-
cation and anti-malarial prevention or treatment. Intestinal absorption of iron 
is limited by a lot of factors including bioavailability, iron status of the wom-
an, substances accompanying or contained in diet, chelating agents such as 
diet fibers or calcium salts. Any supplementation put additional constraint in 
terms of absorption. Unabsorbed iron is known to have pro-oxidant proper-
ties likely to induce production of free radicals. These in turn might induce 
oxidative stress accountable for in generation of many obstetrical outcomes. 
This potential link between oxidative stress resulting from free radicals 
hyperproduction induced by non absorbed iron and harmful mater-
nal/perinatal conditions is rarely questioned by searchers. Objectives: To de-
termine overall (food and supplemented) iron consumption, iron and oxida-
tive status in a cohort of pregnant women and to seek associations between 
findings and adverse obstetrical outcomes. Methods: At the University Clinics 
of Kinshasa, we designed a protocol for a prospective cohort study dealing 
with clinical and biochemical parameters of oxidative stress among pregnant 
women iron supplemented. Women with a single pregnancy not exceeding 19 
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weeks without obvious pathology, regardless of age and parity, were eligible 
for inclusion in the study. Conclusion: This study is expected to assess con-
sequences of oral iron supplementation during pregnancy in terms of obste-
trical outcomes associated with oxidative stress linked to unabsorbed iron. 
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1. Introduction 

Anemia is defined as a hemoglobin value below the lower limits of its normal 
range, resulting in tissue hypoxia, the consequences of which will be reflected in 
a variety of symptoms such as fatigue, lightheadedness, weakness, and exertion 
dyspnea [1] [2]. World Health Organization (WHO) estimated the prevalence of 
anemia in developed and developing countries among pregnant women at 14% 
and 51%, respectively [3]. In the Democratic Republic of Congo, particularly at 
University Clinics of Kinshasa, the frequency of anemia during pregnancy is es-
timated at 53.4% [4]. Causes include iron deficiency as a leading one, parasitic 
(malaria, hookworms) and bacterial infections (mostly urinary tract infection), 
micronutrient deficiencies including folic acid, vitamin A, and vitamin B12, and 
genetically inherited hemoglobinopathies such as drepanocytosis. All these 
causes are most prevalent in women of reproductive age and children, mostly in 
developing areas facing lower energy and iron intake [5].  

Despite conflicting findings from reviews of observational studies and rando-
mized trials, abundant literature is consistent with strong association between 
prenatal anemia and high risk of maternal and perinatal morbidity/mortality 
(through pre-term delivery and low birth weight). Increased risk of infant mor-
tality and reduced cognitive development are cited in children and reduced 
energy levels which affect productivity in adults [6]. Fear of such a burden has 
urged the WHO to adopt cost-effective preventive interventions during preg-
nancy, including iron-folic acid supplementation, de-hookworming medication 
and anti-malarial prevention or treatment [7].  

Recommended nutritional iron intake is 16 mg/day for women [8]. Irrespec-
tive of its origin (animal, vegetal, or oral supplement), ingested iron is absorbed 
in the upper part of small intestine [9] [10], the rate depending on various fac-
tors such as: origin (iron of vegetal origin being less bioavailable than animal), 
patient’s reserves (the less the reserves, the more the absorption), salt type (ferr-
ous salts absorbed three times faster than ferric) and preparation type (enteric 
coatings and long-acting products transporting iron after duodenum and prox-
imal jejunum likely to reduce absorption) [9] [11] [12]. So, of 12 - 18 mg of 
recommended iron intake, only 1 - 2 mg is expected to be absorbed. Additional 
limitation to iron absorption is due to certain pathologies (intestinal parasitic 
and urinary tract infections) and chelating substances such as phytates, phos-
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phates, tannins, fibers and calcium salts [13] [14] [15]. All these limiting condi-
tions are common in developing countries also known to be at great need for 
oral supplementation during pregnancy. 

Unabsorbed iron is known to have pro-oxidant properties likely to induce 
production of free radical oxygen species [16] [17] [18] [19]. Indeed, in presence 
of free iron, oxygenated intermediates catalyze conversion of hydrogen peroxide 
into hydroxyl radicals by Fenton reaction: H2O2 + Fe2+ → OH−  + OH + Fe3+ 
[20] [21], the products of which attack cell membranes, proteins, lipids, carbo-
hydrates and DNA [22]. Alteration and thereafter rupture of membranes of cells’ 
organelles (mitochondria, lysosomes and sarcoplasm) lead to cell death [23] [24].  

During pregnancy cellular damage associated with oxidative stress is known 
to result in TNF-α production that activates leukocytes as they pass through in-
tervillous chamber. These activated leukocytes release stress mediators that are 
basis for pluri-visceral damages, alteration of sub-decidual angiogenesis, reduc-
tion in intrauterine blood flow and mother-fetus transfer of stress substances, 
resulting in myometrial irritability and fetal inflammatory climate [25]. These 
effects are accountable for in reportedly high frequencies of pregnancy loss [26], 
shortening of gestational age, prematurity, restriction of birth weight [27]-[33] 
and neonatal intravascular hemorrhage [34] [35]. Furthermore, Oxidative radi-
cals or their metabolites interfere with various protective functions of vascular 
endothelium: vasodilation, barrier function, anti-aggregant activity [36] [37] 
[38] [39] [40]. Disruption of this process of body signaling vasodilatation results 
in increase of maternal blood pressure, which is likely to lead not only to preec-
lampsia-eclampsia (PE) but also to intrauterine growth restriction (IUGR) and 
premature labor [41]. 

As of link between oxidative stress and diabetes during pregnancy, it is known 
to result from radical hyperproduction associated with hyperglycemia and anti-
oxidant’s defenses decrease [42]. This can lead to gestational diabetes mellitus 
(GDM). Moreover, during diabetic pathology, hyperglycemia constitutes an 
oxidative stress, responsible for increase in glycolysis which, by increasing mi-
tochondrial membrane potential, increases formation of free radicals [43] [44]. 

So, supplementation during pregnancy might contribute to huge unabsorbed 
amount of iron which in turn might induce oxidative stress accountable for in 
generation of many obstetrical adverse outcomes, most of them being also per-
sistently cited as associated with maternal anemic situation [4]. However, the 
potential link between oxidative stress resulting from free radicals hyperproduc-
tion induced by iron supplementation and harmful maternal/perinatal condi-
tions is rarely questioned by searchers. This is the main objective of our study. 

2. Objectives 

In order to assess potential links between free radicals hyperproduction induced 
by maternal iron supplementation and adverse pregnancy outcomes in our set-
ting this study aims to determine overall (food and supplemented) iron con-
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sumption, iron and oxidative status in a cohort of pregnant women and to seek 
associations between findings and adverse obstetrical outcomes. 

2.1. Rationale for the Study 

It is to question safety of recommended oral iron supplementation during preg-
nancy (120 - 300 mg per day). As compared with the quantity to be absorbed 
(only 1 - 2 mg), the research is based on potential oxidative stress induced by 
non absorbed iron that remains in contact with intestinal mucosa (=Fenton 
reaction). Due to importance of factors limiting iron absorption in developing 
areas it is postulated that in orally supplemented pregnant women huge unab-
sorbed iron (either preventive or curative) might be harmful at some degree.  

2.2. Design and Methods of the Study 
2.2.1. Overview of the Study 
This protocol was designed to test hypothesis that in iron supplemented preg-
nant women unabsorbed free fraction is associated with occurrence of adverse 
obstetrical outcomes. Considering 53.4% (the prevalence of anemia in pregnant 
women of our setting), the minimum size of sample is 54, calculated according 

to the formula 
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(1.96);  
• 1Z β−  corresponds to the power of the test (1 β− ); the latter is the probabili-

ty of finding a significant difference (1.645); 
• α is the error risk of type I (0.05); 
• po is the expected proportion of pregnant women who have not received a 

martial supplementation and who will develop adverse obstetrical outcomes; 
• p1 is the expected proportion of pregnant women who have received a mar-

tial supplementation and who will develop adverse obstetrical outcomes; this 
p1 proportion is estimated by the investigator according to the estimated po 
value and the importance of the difference between po and p1 that he thinks 
possible and desirable to highlight; 
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So p0 = 0.36 et p1 = 0.7. 
After incorporating these elements in the formula, our minimal sample size 

was calculated as 54 pregnant women. So, taking into account non-responses or 
unsatisfactory data and the prenatal frequency of consultations at University 
Clinics in Kinshasa, we majored our sample to 74 pregnant women to be fol-
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lowed for antenatal care until delivery. This study has been designed and fi-
nanced by our own funds. 

2.2.2. Patients’ Selection 
Inclusion criteria 

1) Single pregnancy of not more than 19 weeks (starting point of martial sup-
plementation), regardless of age and parity.  

2) Absence of any pathology likely to have a negative influence on pregnancy 
(hypertension, diabetes mellitus, sickle cell disease, HIV, malaria, respiratory 
insufficiency). 

3) Informed and written consent to participate in the study. 
Exclusion criteria: 
1) Pregnancy that has evolved into an abortion; 
2) Free decision to discontinue participation in the study at any time. 
The sampling was carried out consecutively for all pregnant women presenting 

themselves at prenatal care, taking into account inclusion and exclusion criteria.  

2.2.3. Variables of the Study and Subjects Monitoring 
1) Socio-demographic and anthropometric variables: age, marital status, pari-

ty, weight, height, number and abortion type, education level, economic status, 
body mass index (BMI) calculated from weight and height. The information about 
the socio-demographic and anthropometric variables, and Medico-surgical and 
gynaecological history was obtained during the pregnant women anamnesis 
conducted at prenanal care. 

2) Medico-surgical and gynecological history: diabetes mellitus or gestational 
diabetes mellitus, hypertension, pre-eclampsia, eclampsia, congenital malforma-
tion, fetal macrosomia, low birth weight, stillbirth, polyhydramnios, prematuri-
ty, premature rupture of membranes, caesarean section. 

3) Medical conditions known to limit iron absorption, such as intestinal para-
sitic infection. 

4) Pregnancy parameters: gestational age (at recruitment, onset of martial sup-
plementation and delivery), amount of iron supplemented and ingested, pregnan-
cy pathologies, delivery parameters (mode of delivery, APGAR, birth weight and 
birth length). 

5) Nutritional iron intake measured through a 24-hour recall using a ques-
tionnaire of common foods, including stuffs and habits likely to impede or boost 
iron absorption such as pica, chelating substances such as phytates, phosphates, 
tannins, fibers, alcohol and tobacco. 

6) Supplemental iron intake determined with a sheet containing details on the 
salt type (ferrous or ferric), and duration of the supplementation. 

7) Biological parameters: iron status (hemoglobin, hematocrit, ferritin, serum 
iron, transferrin and iron saturation capacity), oxidative status including enzyme 
antioxidants (superoxide dismutase or SOD, uric acid) and biological markers of 
oxidative stress effects (oxidized LDL, ferritin, blood glucose) and direct exami-
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nation of stool. Hemoglobin and hematocrit to be measured using a KX-21N 
automated hematology analyzer. Serum iron (Fe), uric acid and fasting blood 
glucose to be measured with a manual spectrophotometrical assay (kit Spectrum 
722, 18TS1505007). Transferrin, iron saturation capacity of transferrin and su-
peroxide dismutase to be measured with a manual spectrophotometrical assay 
(kit Biolabo Diagnostic’s, Kenza Max Biochemistry serial n˚34840). Ferritin and 
oxidized LDL to be analyzed by the ELISA method (on the Elisa analyzer, Hu-
mareader signe plus 1800). Direct examination of stool with binocular micro-
scope Olympus XSZ-107BN. 

8) Adverse obstetrical outcomes in terms of preterm labor and premature la-
bor (<37 weeks of gestation), pre-eclampsia (PE), GDM (to be diagnosed be-
tween weeks 26 and 28 of gestation using a glucose tolerance test), premature 
rupture of membranes (PRM) and IUGR (based on local charts as a birth weight 
less than the 10th percentile for the estational age group) and low birth weight 
(birth weight < 2500 g), stillbirth (defined as death of a fetus after 28 weeks of 
gestation), perinatal mortality (deaths including stillbirths and neonatal deaths 
before 7 days of life). 

2.3. Proceeding 

The study is to be conducted during 10 months (September 2017 throughout 
June 2018) at the department of Gynecology and Obstetrics, University Clinics 
of Kinshasa, DR Congo. One of us (MMA) has been recruiting patients of the 
study among pregnant women of not more than 19 weeks (starting point of 
martial supplementation) regardless of age and parity. After checking for patho-
logic conditions (arterial hypertension, diabetes mellitus, sickle cell disease, HIV, 
malaria, respiratory insufficiency) for exclusion if noted, blood, stool and urine 
samples are collected, in addition to maternal anthropometrics, and basic de-
mographic information. Anemia is defined as hemoglobin < 10 g/L or hemato-
crit < 30%. Iron status determined using ferritin concentrations (normal value 
defined as serum ferritin < 12 μg/L). Oxidative status is assessed using plasma 
conserved at –20˚C until analysis. The same samplings and assessments are done 
at 28 gestation week and at term. Obstetrical complications are managed as 
usually. All the pregnant women included in the study are to be followed at an-
tenatal care by the principal investigator. Women with anemia (Hb < 10 g%) at 
recruitment start iron supplementation for curative purposes (320 mg/day of 
ferric ammonium citrate) before the 19th week, while the others receive preven-
tive iron supplementation (160 mg/day of ferric ammonium citrate) by the 19th 
week. Iron is associated with folate (15 mg/day). 

2.4. Expected Study Outcomes 

Within this study we aim to determine iron status of the pregnant in our envi-
ronment; the iron amount absorbed after oral supplementation and to identify 
insufficient absorption determinants; the oxidative status of pregnant woman 
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before and after oral iron supplementation; the correlation between amount of 
unabsorbed iron, iron status, oxidative status and adverse obstetrical outcomes; 
and the determinants of oxidative stress and adverse obstetrical outcomes. The 
duration of the supplementation for each pregnant woman is to be determined 
at the end of the study. 

2.5 Statistical Considerations 

Data will be entered using Microsoft Excel 2007 software and exported to SPSS 
21.0 for analysis. For normally distributed parametric data, comparisons of av-
erages are to be made using t-test or ANOVA and comparison of proportions 
with chi-square test. 

Correlation between amount of unabsorbed iron, iron status, oxidative status 
and adverse pregnancy outcomes is planned. Odds ratio will be used to measure 
strength of association between risk factors and amount of unabsorbed iron on 
the one hand and oxidative stress and adverse obstetrical outcomes on the other. 
Multivariate logistic regression analysis will identify independent determinants 
of oxidative stress and adverse obstetrical outcomes. Testing will be stated sig-
nificant at p ≤ 0.05. 

2.6. Ethical Considerations 

This project was agreed by Ethics Committee of Public Health School of Univer-
sity of Kinshasa. Let us note that sampling takes place within usual framework of 
pregnancy monitoring. For all pregnant women included in the study, informed 
and signed is obtained in advance. For treatment purposes, their identity and 
telephone numbers serve to locate them later on if necessary. To guarantee con-
fidentiality, this information is filled on a coupon kept under saddle by the prin-
cipal investigator alone. No further reference is made to this coupon except for 
purpose of treatment for anemia or obstetric complications. 

3. Discussion 

Antenatal anemia is most prevalent in low income countries where it is respon-
sible for maternal and perinatal morbidity/mortality (through pre-term delivery 
and low birth weight) [46]. Increased risk of infant mortality and reduced cogni-
tive development are cited in children and reduced energy levels which affect 
productivity in adults [47]. Fear of such a burden has urged the World Health 
Organization to adopt cost-effective preventive interventions during pregnan-
cy including iron-folic acid supplementation, de-hookworming medication 
and anti-malarial prevention or treatment [7].  

So, improvement in hemoglobin and iron status of mothers is expected to re-
duce the risk of these adverse outcomes. However, evidence of such a link fails to 
be found in all studies dealing with prenatal iron supplementation. This could be 
owed too many confounding factors such as lack to take in account baseline iron 
status of pregnant women and ignorance of enhancing or limiting factors of iron 
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absorption. This is particularly important in developing countries also known to 
be at great need for oral supplementation during pregnancy and where limiting 
conditions of iron absorption are very common [48]. Our study aims to collect 
findings related to this aspect. 

Furthermore, there has been abundant literature admitting close relationships 
between maternal oxidative stress and body or serum iron status [17] [18] [19], 
meaning that iron supplementation might bring a risk for both mother and in-
fant, which makes it difficult to delineate the mutual part of anemia and sup-
plemented iron in occurrence of obstetrical outcomes. Besides, although current 
literature obviously relates this potential risk to absorbed iron our study aims to 
question also unabsorbed iron. Additionally, we find it necessary to consider the 
dosage recommended by WHO for routine daily prenatal iron supplementation 
(100 - 300 mg in our setting). 

Another matter of concern relates to the fact that pro-oxidant properties of 
iron have been most described as accountable for in generation of gestational 
diabetes mellitus or restriction of fetal growth [49]. So, other obstetrical out-
comes seem to have been neglected.  

All these aspects will be addressed in our study. 

3.1. The Strengths of the Study 

1) Although it seems obvious that there is a potential link between oxidative 
stress resulting from free radicals hyperproduction induced by iron supplemen-
tation and harmful maternal/perinatal conditions this is rarely questioned by 
searchers in Africa. Success of iron supplementation has so far been assessed in 
terms of rise in hemoglobin level, ignoring it could be just a face of the medal. 

2) If findings of this study are consistent with such a link it could lead to defi-
nition of new considerations for iron supplementation during pregnancy, mostly 
in conditions where deficient iron absorption precedes pregnancy.  

3) The prospective nature of the study makes it possible to record data as they 
are generated. 

3.2. Limitations 

The major weaknesses of our study are: 1) it will not be possible to state the true 
onset of anemia; 2) influence and confounding effect of treatment on the course 
of anemia and pregnancy will be difficult to evaluate; 3) many pregnant women 
without obvious anemia will also be supplemented by iron, thus obscuring the 
causal effect of iron status on outcomes; 4) the small study sample (owed to fi-
nancial constraints) will not allow us to discriminate complications according to 
various durations of anemia, since termination of pregnancy will occur at dif-
ferent gestation ages.  

4. Conclusion 

Study on potential risk of oral iron supplementation during pregnancy is op-
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portunity to fill lack of studies that have investigated possible associations, in 
part between unabsorbed iron and oxidative stress, and in another part between 
oxidative stress induced by this unabsorbed iron and adverse obstetrical out-
comes.  
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