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Abstract

Background: Oral iron supplements, usually in the form of ferrous salts, are
associated with gastric side effects, poor compliance and failure of anemia
treatment. To make iron more bioavailable, reduce the gastric side effects and
increase the patient compliance, newer iron form, Ferric Sodium EDTA, has
become available on the market. Objective: To assess the change in hemoglo-
bin level after iron supplementation with Ferric Sodium EDTA during preg-
nancy. Materials and Methods: This is a longitudinal study concerning 337
women attending antenatal care in maternity hospitals in the Democratic
Republic of Congo from May to December 2020. The study included sociode-
mographic and anthropometric variables along with type of feed, hemoglobin
level at recruitment and after three weeks of taking iron supplement with
Ferric Sodium EDTA (Hemoforce Plus Zinc® syrup). For statistical analysis,
we used t-test or ANOVA and chi-square test, the significance being stated at
p < 0.05. Results: The frequency of pregnancy anemia was 51.4%. The mean
hemoglobin value of the overall study group was 8.7 £ 0.5 g/dL. The mean
maternal age and weight were 28.9 + 6.2 years and 65.3 £ 11.7 kg, respective-
ly. Most pregnant women (83.1%) had a diet consisting of food of plant and
animal origin in equal proportions. Mean of Body Mass Index (BMI) was 24.6
* 4.6 Kg/m? and 44.3% were overweight and obese. The co-morbidities asso-
ciated were malaria and intestinal parasitosis found in 45% and 5.9% of cases,
respectively. After iron treatment with Ferric Sodium EDTA, the average he-
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moglobin level increased to 11.2 g/dL with mean gain of 2.5 g/dL (p < 0.001).
Pregnant women with excess weight (290 kg) and malaria as a comorbidity
achieved a significantly lower mean hemoglobin gain (p = 0.014 and p =
0.022, respectively). Majority of women (91.2%) had not experienced the me-
tallic taste of the syrup. Conclusion: Ferric Sodium EDTA as a novel iron
formulation (Hemoforce Plus Zinc®) has shown a rapid increase in hemoglo-
bin levels in pregnant women suffering from anemia. The speedy rise in he-
moglobin is related to the property of Ferric Sodium EDTA to enhance the
iron absorption by inhibiting the dietary iron inhibitors. Thus, Ferric Sodium
EDTA should be used as an effective and promising iron supplement in preg-
nant women with iron deficiency anemia.
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1. Background

Anemia is a condition of the red blood cells that are insufficiently supplied to meet
the body’s physiological needs. According to the World Health Organization
(WHO), the hemoglobin (Hb) threshold for anemia is below 11 g/dl for pregnant
women in developed countries and below 10 g/dl in developing countries [1].

Anemia is a global public health problem that mostly affects low- and mid-
dle-income countries (LMICs) [2]. Anemia affects 38% (32.4 million) of preg-
nant women globally with highest prevalence in the WHO regions of South-East
Asia (48.7%) and Africa (46.3%) [3]. Evidence from various low- and middle-
income countries suggests that anemia is disproportionately concentrated in the
low socioeconomic group [4] with poorest, ethnically disadvantaged, and least
educated at the greatest risk.

The WHO has estimated prevalence of anemia in developed and developing
countries among pregnant women at 14% and 51%, respectively [5]. In the Dem-
ocratic Republic of the Congo, in particular in the university clinics of Kinshasa,
the frequency of anemia during pregnancy has varied, in the last decade, from
52.2% to 53.4% [6] [7].

Anemia during pregnancy poses a greater risk for low birth weight, preterm
birth, and perinatal and neonatal mortality [6] [8] [9]. Besides, the severity of
anemia is associated with higher rates of maternal mortality [10].

It is well known that iron supplementation in pregnant women during preg-
nancy improves hematological values [11] and helps prevent complications. The
beneficial effect of iron supplementation has been demonstrated depending on the
iron dose, duration of use and initial Hb concentration before treatment [12].

Hemoglobin is an ideal parameter to indirectly identify iron levels. This is due
to its high correlation with either ferritin serum levels or the presence of genetic

alterations of human hemochromatosis protein (HFE) gene. These clinical pa-
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rameters are relatively quick and easy to perform and are already systematically
used in standard clinical practice, during pregnancy and follow-up [13].

Iron salts, such as sulfate or fumarate, have been extensively used, but due to
gastrointestinal adverse effects, many patients frequently decide to stop taking
them [13]. That’s why a multicomponent hematinic combination (Hemoforce
Plus Zinc®) based on Ferric Sodium EDTA (NaFe**-EDTA or sodium ferede-
tate), which allows higher absorption and superior bioavailability of iron, has
become available on the local Democratic Republic of Congo market. This for-
mulation appears to be free of the usual iron-related side effects, such as metallic
taste and gastrointestinal problems.

Clinical trials involving pregnant women affected by iron deficiency anemia
have demonstrated the superiority of Ferric Sodium EDTA, compared to ferrous
sulfate and ferrous fumarate, in normalizing blood parameters and in improving
the quality of life [14] [15].

The present study aimed to assess the change in hemoglobin level after iron
supplementation with Ferric Sodium EDTA (Hemoforce Plus Zinc®) during pre-
gnancy in a population of Congolese pregnant women, while taking into account

factors such as diet and factors influencing iron intestinal absorption.

2. Methods

This is a longitudinal study of pregnant women followed in prenatal consulta-
tion in maternity hospitals in the city of Kinshasa selected by lot as well as in
some maternity hospitals in Kongo Central province, Kwilu province and the
Eastern province, in the Democratic Republic of Congo. The following materni-
ties were selected in the city of Kinshasa: in the town of BANDALUNGWA,
TSHISWAKA Health Center and HOPE MEDICAL; in the municipality of
BARUMBU, MAMAN WA CONFIANCE Medical and Maternity Center, KASAI
Medical and Maternity Center and FORCE NAVALE Medical and Surgical Cen-
ter; in Bumbu Commune, Mother and Child Center, Anamed Bumbu Medical
Center and RAPHA Medical Center; in the commune of Gombe, Provincial Gen-
eral Reference Hospital of KINSHASA (Ex Mama Yemo); in the commune of
Kalamu, KOS MEDICAL CENTER and PKA Hospital Center; in the commune
of Kasa-vubu, SAINTE MARIE Hospital Center, the Maman PAMELA State
Hospital Center and LNI Medical-Surgical Center; in the commune of Kimban-
seke, COMMUNITY Health Center, TRINITE Hospital Center, HOPE CLINI-
QUE, KIKIMI Hospital Center, KIMBANGUISTE Hospital and ITM Health Cen-
ter; in the commune of Kinshasa, KIGOMA Medico-Chirurgical Center, Kin-
shasa Mother and Child Center and AFRICAN Health and Maternity Center; in
the commune of Kisenso, APN Medical Center; in the commune of Lemba, Uni-
versity Clinics of Kinshasa and Reference Hospital Center of Camps KABILA; in
the municipality of Limete, BONDEKO YA SIKA Clinic and AMOUR DU PRO-
CHAIN Medical Center in KINGABWA; in Lingwala commune, VIJANA Health
and Maternity Center and Central Police Hospital C/LUFUNGULA; in the town
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of Masina, ESTHER Health Center, MAKENGO Medical Center, the Saint HI-
LAIRE Hospital Center and Saint PAUL Medical Center; in the municipality of
Matete, CHRIST ROI Hospital Center; in town of Mont-Ngafula, SUEUR Medi-
cal and Maternity Center, MARCELO CENTER, KIMBANGU Clinic and CHRE-
TIEN Medical Center; in the commune of N’djili, LIBIKI Health Center, GRACE
DIVINE Medical Center, BOMOI Health Center, Sino-Congolese Friendship Hos-
pital, CHATY Health Center, Medical and Maternity Center TUZOLANU, N’djili
General Reference Hospital and MERE THERESIA Medical Center; in the com-
mune of Ngaliema, LUYINDU Medical Center, KINKENDA Hospital Center,
SHALOOM MEDICAL Health Center and CELPA Medical Center; in Ngiri-Ngiri
commune, State Hospital Center; in the town of N’Sele, CENTENARY Medical
Center, JOURDAIN Medical Center, AMED N’SELE, TALANGAI Medical Cen-
ter and CHARLENE DITONA KABONGO Medical and Maternity Center; in
the municipality of Selembao, SANGAMAMBA Reference Health Center. In the
Province of Kongo Central, the Polyclinic SANTE POUR TOUS. In Matadi and
General Military Hospital in MATADI (CAMP REJAF). In the province of Kwi-
lu, General Referral Hospital of KIKWIT. In the Province of Tshopo, LILEMO
Medical Center and University Clinics of Kisangani. The study took place from
May to December 2020. Sampling was set up consecutively for all pregnant wom-
en attending antenatal care regardless of the age of pregnancy and regardless of
age and parity. This study was carried out according to Helsinki’s recommenda-
tions. Eligible women were recruited after obtaining an informed and written
consent to participate in the study.

Study variables and subject monitoring

1) Sociodemographic, anthropometric and clinical variables: age, weight, height,
body mass index (BMI) calculated from weight and height, socio-economic level,
risk factor for anemia, weakness or feeling of lethargy, history of anemia, pres-
ence of co-morbidities (malaria, intestinal parasitosis).

2) Type of feed.

3) Hemoglobin level at recruitment and after three weeks of taking iron sup-
plement with Ferric Sodium EDTA in the form of Hemoforce Plus Zinc® in syrup.

4) The parameters related to the iron treatment including the dose used. Preg-
nant women received doses of 10 to 15 ml of Hemoforce Plus Zinc® two or three
times a day. Each 5 ml containing Ferric Sodium EDTA 75.85 mg, folic acid 0.5
mg, cyanocobalamin (vitamin B12) 5 mcg, elemental zinc 3.33 mg, elemental
manganese 3.25 mcg, elemental copper 2.54 mcg, ascorbic acid (vitamin C) 20
mg.

Information about sociodemographic, anthropometric and clinical variables in-
cludind type of feed was collected by interview during an antenatal consultation.

Hemoglobin was measured using a hemoglobinometer. By local standards,
anemia was defined as hemoglobin < 10 g/dL.

Pregnant women with anemia (Hb < 10 g/dL) received Ferric Sodium EDTA.

Statistical calculations
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Data was entered using Microsoft Excel 2007 software and exported to SPSS
21.0 for analysis. For normally distributed parametric data, comparison of means
was made using the t-test and comparisons of proportions with the chi-square
test. The Pearson correlation test between biological markers was used to look
for potential associations with the gain obtained in hemoglobin level after taking

Ferric Sodium EDTA. The tests were declared significant at p < 0.05.

3. Results

Out of 656 women received for antenatal care in selected maternities during the
study period, 337 have presented anemia diagnosed with a hemoglobin level be-
low 10 mg/dl and they fulfilled all the inclusion criteria. The frequency of preg-
nancy anemia was 51.4%. The mean hemoglobin value of the overall study group
was 8.7 £ 0.5 g/dl. Most of pregnant women in our population had a low so-
cio-economic level (69.2%).

Table 1 shows that the mean maternal age was 28.9 + 6.2 years, the majority
of mothers (66.4%) having an age range from 20 to 34 years. Average maternal
weight was 65.3 £ 11.7 kg, and 95.8% had less than 90 kg. Most pregnant women
in our study (83.1%) had a diet consisting of food of plant and animal origin in
equal proportions, while 15.7% had a diet mainly of plant origin; and only 1.2%
had a diet mainly of animal origin.

Table 2 shows that the mean parity and gravidity were 3 + 2. Multipara and
multigravida were 83.1% and 86.9%, respectively. Mean of Body Mass Index (BMI)
was 24.6 + 4.6 Kg/m® and 44.3% were overweight and obese. The co-morbidities
associated with pregnancy and anemia in our population were malaria found in
45% of cases and intestinal parasitosis in 5.9% of cases.

After iron treatment with Ferric Sodium EDTA, the average hemoglobin level
increased to 11.2 g/dL with extremes of 10 and 13 g/dL. The mean gain in he-
moglobin obtained after treatment with Ferric Sodium EDTA was 2.5 g/dL

Table 1. Sociodemographic characteristics of the study group.

Age range (years) n (337) % Means + SD Min-Max
<19 27 8
20-34 253 75.1 28.9 + 6.2 years 16 - 44 years
=35 57 16.9
Weight (Kg)
<90 323 95.8 65.3 +£11.7 Kg 45-120Kg
=90 14 4.2
Feed type
Animal feed only 4 1.2
Plant-based food only 53 15.7
Both in equal proportion 280 83.1

*SD: Standard deviation.
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Table 2. Clinical characteristics of the study group.

BMI (Kg/m?) n (337) % Means * SD Min-Max

Thinness (<18) 7 2.1
Normal (18 - 24) 181 53.7 24.6 + 4.6 Kg/m* 15 - 49 Kg/m?

Overweight (25 - 29) 104 30.9
Obesity (230) 45 134
Parity
Primipara (1) 57 16.9 3+2 1-7
Multipara (22) 280 83.1
Gravidity

Primigravida (1) 44 13.1 3+2 1-12
Multigravida (=2) 293 86.9

Co-morbidities
Malaria 152 45.1

Intestinal parasitosis 20 5.9

*SD: Standard deviation; BMI: Body Mass Index.

varying between 1 and 5 g/dL. Table 3 below shows the gain obtained over the
dosage used in the treatment of anemia of pregnancy with Ferric Sodium EDTA.
Table 3 also shows the factors associated with a possible insufficiency of the gain
in hemoglobin obtained after treatment with ferric sodium EDTA.

The analysis of the gain obtained in hemoglobin level after treatment of ane-
mia in our pregnant women with ferric sodium EDTA showed significant dif-
ferences by comparing the averages of the gains obtained according to the dif-
ferent dosages applied, according to the weight of the pregnant women and de-
pending on presence of malaria as a co-morbidity. In fact, the gain in hemoglo-
bin level obtained was, on average, significantly higher when the dosage of ferric
sodium EDTA administered was 227.55 mg three times a day compared to the
other dosages (p < 0.001). Pregnant women with excess weight (290 kg) showed
a significantly lower mean hemoglobin gain (p < 0.02) compared to pregnant
women of with weight < 90 kg. The treatment of anemia with ferric sodium
EDTA in pregnant women with malaria, as a co-morbidity, showed that the
mean gain in hemoglobin level obtained was significantly lower compared to
pregnant women who received the same treatment but in the absence of malaria
(p = 0.022). Regarding the side effects reported by pregnant women taking ferric
sodium EDTA, majority of women (91.2%) had not experienced the metallic

taste of the syrup with only 9.8% reported a metallic taste.

4. Discussion

The present study aimed to assess the change in hemoglobin level after iron sup-
plementation with Ferric Sodium EDTA (Hemoforce Plus Zinc®) during preg-

nancy in a population of Congolese pregnant women, while taking into account
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Table 3. Benefit of treatment with iron sodium EDTA and factors associated with insuffi-
cient gain in hemoglobin level.

Amount of Ferric Sodium EDTA N H:[;:?ni(gsllz.l) Minimum Maximum P
151.7 mg twice a day 67 1.8+0.8 1 3
151.7 mg three times a day 47 23+1.1 1 5
227.55 mg twice a day 125 25%0.5 2 3 <0.001
227.55 mg three times a day 98 32+04 3 4
Total 337 25+0.8 1 5
Weight (Kg)
<90 323 2.6+0.8 1 5 <0.02
290 14 2+0.9 1 3
Total 337 2.5+0.8 1 5
BMI (Kg/m?)
Thinness (<18) 7 2.3+0.8 1 3
Normal (18 - 24) 181 2.5%0.8 1 5 0.720
Overweight (25 - 29) 104 2.6 +0.8 1 4
Obesity (230) 45 2.6+0.9 1 4
Total 337 25+0.8 1 5
Intestinal parasitosis
Oui 317 2.5%0.8 1 5 0.484
Non 20 2.7+ 0.8 1 4
Total 337 25+0.8 1 5
Malaria
Oui 185 24+0.8 1 5 0.022
Non 152 2.6+0.8 1 4
Total 337 2.5+0.8 1 5

factors such as diet and factors influencing iron intestinal absorption. Despite
anemia being a global concern, women in less developed countries are dispro-
portionately affected. As such, only about 5% of pregnant women in developed
countries estimated to be anemic compared to 80% in some developing coun-
tries [16] [17].

In the present study, occurrence of pregnancy anemia was 51.4%. The rate of
anemic pregnant women found in our study has been quite constant in our set-
ting for years [6] [7], meaning endemicity of anemia among pregnant women in
our country. This high rate is common in deprived areas [18] [19] [20], although
lower rates have been observed in Tanzania (47%) [21], in Ethiopia (31.7%) [22],
and in East Africa (41.82%) [23].

Most of pregnant women in our population had a low socio-economic level

(69.2%). Low socioeconomic conditions are to be pointed out as well due to in-
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appropriate nutritional intake along with bad hygienic conditions that favour
hookworms infestation. This corroborates other studies carried out in similar
environments [7] [20] [24] [25] [26] [27] [28]. This situation will thus change
only if poverty is reduced and is supportive of routine iron supplementation
during pregnancy as well as other preventive measures.

Most pregnant women in our study (83.1%) had a diet consisting of food of
plant and animal origin in equal proportions, while 15.7% had a diet mainly of
plant origin, and only 1.2% had a diet mainly of animal origin. All plant-derived
and animal-derived foods contain nonheme iron, while heme iron mainly found
in the foods derived from animals, mainly meat, fish, poultry, and eggs. Heme iron
has a higher bioavailability and is absorbed easier without the need for absorption-
enhancing cofactors. Nonheme iron, which is the most important dietary source in
vegetarians, shows lower bioavailability; its absorption depends on the balance
between dietary enhancers and inhibitors and body iron stores. About 25% of die-
tary heme iron gets absorbed, while only 17% of dietary nonheme iron gets ab-
sorbed. Based on the studies, iron bioavailability is estimated to be 14% to 18% for
mixed diet consumers and 5% to 12% for vegetarian diet consumers [29]. There-
fore, less than one-fifth of the amount of dietary iron gets absorbed by the body.

A number of studies reported that low BMI increases the risk of anemia in
pregnancy [17] [30] [31]. In our study, Mean of Body Mass Index (BMI) was
24.6 + 4.6 Kg/m? and 44.3% were Overweight or obese. The mean hemoglobin
value of the overall study group was 8.7 + 0.5 g/dl. Our results are in contract
with those of many authors in the literature who have shown that lower early
pregnancy BMI in pre- or early pregnancy is associated with lower hemoglobin
levels and higher risk of anemia in pregnancy [30] [31] [32]. Low early pregnan-
cy weight or BMI may be a reflection of poor nutrition intake, including the in-
take of various micronutrients that are essential for hematopoiesis [4]. Further-
more, low weight or BMI could be a result of chronic illness, such as tuberculosis
or parasitic infections, which consequently lead to anemia [17] [33]. These con-
ditions are still the major health problems globally and are often under-diag-
nosed [20] [34] [35]. What has not been confirmed in this study.

Although anemia in pregnancy is multi-factorial, poor nutrition and infection
are also common causes. The co-morbidities associated with pregnancy and ane-
mia in our population were malaria found in 45.1% of cases and intestinal para-
sitosis in 5.9% of cases. Parasites like the malaria parasites and intestinal para-
sites have long been recognized as major contributors to reduced hemoglobin
levels in endemic countries like Cameroon, thereby causing anemia [36]. Mal-
nutrition or anemia caused by intestinal worms may be worsened during preg-
nancy and make the pregnancy difficult. Anemia is common in developing coun-
tries because of poor nutritional status and highly prevalent parasitic infestation.
In Sub-Saharan Africa, soil-transmitted helminths including hookworm, uroge-
nital schistosomiasis, and other parasitic infections such as malaria contribute to

the high anemia rates in women and young children [37].
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Ferric Sodium EDTA is an iron chelate that has been used successfully as a di-
etary fortifier in several trials in the developing world [38] [39], as in this form,
the iron is protected from inhibitors of iron absorption. It has a bioavailability 2
- 4 times that of ferrous sulfate, especially in meals with high phytate content
[40]. Therefore, it is expected to effectively improve both, the iron deficiency
and the gastrointestinal side effects in anemic pregnant women. Hemoglobin is
an ideal parameter to indirectly identify iron levels. This is due to its high corre-
lation with either ferritin serum levels or the presence of genetic alterations of
human hemochromatosis protein (HFE) gene [13] [41].

After iron treatment with Ferric Sodium EDTA 151.7 to 227.55 mg twice or
three times a day in our study, the average hemoglobin level increased from 8.7
g/dl to 11.2 g/dL. The mean gain in hemoglobin obtained after treatment with
Ferric Sodium EDTA was 2.5 g/dL varying between 1 and 5 g/dL. Our results
corroborate a number of studies in the literature, which have reported that Fer-
ric Sodium EDTA might be a better form of iron supplements than electrolytic
iron [42]. Iron absorption from Ferric Sodium EDTA might be two to three
times higher than from electrolytic iron [43]. Ferric Sodium EDTA increased
both Hb concentration and serum ferritin concentration substantially in iron defi-
cient populations [44]. At least 10 mg/day iron as Ferric Sodium EDTA would be
necessary to prevent iron deficiency anemia even in populations relying for their
subsistence on vegetable food only; although those suffering from severe anemia
would require more than 10 mg/day [45], which was also verified in the present
study. In our study, the lower daily dose of Ferric Sodium EDTA showed a mar-
ginal rise in hemoglobin; however, the gain in hemoglobin level obtained was sig-
nificantly greater when the dosage of Ferric Sodium EDTA used was 227.55 mg
three times a day (p < 0.001). Nevertheless, this gain was lower when the pregnant
woman had excess body weight (=90 kg) (p = 0.014) or had malaria (p = 0.022).

Several studies showed that Ferric Sodium EDTA is more suitable than elec-
trolytic iron in the anemia treatment at children and pregnant women [38] [46]
[47]. The Xiu et al study showed that iron deficiency among pregnant women
untreated in the middle trimester of pregnancy might deteriorate in the third
trimester in terms of hematologic status; and moderate iron supplementation
has been beneficial in improving iron deficiency, and Ferric Sodium EDTA re-
ported to be superior to ferrous sulfate [39] [48].

Regarding the side effects reported by pregnant women taking Ferric Sodium
EDTA, only 9.8% mentioned a metallic taste. The same observation was made in
the literature regarding a lower incidence of side effects attributable to Ferric
Sodium EDTA [14] [49].

The limitation of the present study is that it could not assess dietary iron in-

take in pregnant women included in the sample.

5. Conclusion

Ferric Sodium EDTA is a time-tested, oral iron form used for the prevention and
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treatment of iron deficiency anemia. Efficacy and safety of Ferric Sodium EDTA
have been well reported in literature for various patient populations like preg-
nant women and children. Ferric Sodium EDTA, as Hemoforce Plus Zinc® sy-
rup, has shown a rapid increase in hemoglobin levels in pregnant women suf-
fering from anemia. The speedy rise in hemoglobin is related to the property of
Ferric Sodium EDTA to enhance the iron absorption by inhibiting the dietary
iron inhibitors. Treatment is well tolerated without clinically significant side ef-
fects. Thus, Ferric Sodium EDTA should be used as an effective and promising

iron supplement in pregnant women with iron deficiency anemia.

Author’s Contributions

MMA is the principal investigator, participated in generated and designing the
study and was actively involved in data collection and statistical calculations. He
drafted the first manuscript. MDV, MMR, EMJP, LAJ and LNN participated in
designing the study and analyzing the results. All authors contributed in pre-
paring the final manuscript.

Acknowledgements

This work was supported by a drug grant from Shalina Healthcare SARL. We
would to thank Doctors Kabangu Manix, Musaka Bana Yvette, Diamba Alpha,
Mudila Jean Marie, Soke Ikulankani, Eloot Ondain, Fataki Peter, Luvualu Junior,
Nzonzi Lassa, Mambu Roger, Nanama Blandine, Mitanga, Nzila, Senge, Madinda,
Munganga, Mambu, Jacques Ndokazoba Tuka, Manunga Kaluroro, Mabuba,
Ntikitaka Nathalie, Kapinga Lubadi Orchidee, Mputu Nathalie, Nzazi Kibala,
Lungindula Mpempe, Michou Kabongo, Momene Stany, Mambu Pathon, Tshi-
bangu Kabambi, Iluvanianga Bibio Louis, Manyuka, Sungani Grace, Kapashi
Claudine, Mokako Caroline, Mbaruku Justin, Mampinga Ruben, Nguma, Kabey
Tity, Oleko Adrienne, Matondo Nehemie, Otoko Angele, Maindo, Ntumba Julie,
Mabutuayawu Papy, Swah Hans, Mokange Franchy, Mukangu Raoul, Simi Ike,
Bantokasiku Richard, Bululu Patrick, Nseka Dercy, Eyulu Mpela, Bopamu Pathy,
Sola Nsiampasi Papy, Makwala Ferdinand, Esperant Mpeta, Makiese Helene,
Noel Mangue, as well as nurses Munungi Annie, Isantu Sylvie and Marie Samba
for helping with data collection.

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this paper.

References

[1] Keokenchanh, S., Kounnavong, S., Tokinobu, A., Midorikawa, K., Ikeda, W., Mori-
ta, A., Kitajima, T. and Sokejima, S. (2021) Prevalence of Anemia and Its Associate
Factors among Women of Reproductive Age in Lao PDR: Evidence from a Nation-
ally Representative Survey. Anemia, 2021, Article ID: 8823030.
https://doi.org/10.1155/2021/8823030

[2] Stevens, G.A., Finucane, M.M., De-Regil, L.M., et al (2013) Global, Regional, and

DOI: 10.4236/0jog.2021.1110131

1420 Open Journal of Obstetrics and Gynecology


https://doi.org/10.4236/ojog.2021.1110131
https://doi.org/10.1155/2021/8823030

M. A. Mbangama et al.

(6]

(7]

(10]

(11]

(12]

(13]

(14]

(15]

National Trends in Haemoglobin Concentration and Prevalence of Total and Severe
Anaemia in Children and Pregnant and Non-Pregnant Women for 1995-2011: A
Systematic Analysis of Population-Representative Data. The Lancet Global Health,
1, e16-e25. https://doi.org/10.1016/S2214-109X(13)70001-9

WHO (2015) The Global Prevalence of Anemia in 2011. World Health Organiza-
tion, Geneva.

Balarajan, Y., Ramakrishnan, U., Ozaltin, E., Shankar, A.H. and Subramanian, S.
(2011) Anaemia in Low-Income and Middle-Income Countries. The Lancet, 378,
2123-2135. https://doi.org/10.1016/S0140-6736(10)62304-5

Mangla, M. and Singla, D. (2016) Prevalence of Anemia among Pregnant Women in
Rural India: A Longitudinal Observational Study. International Journal of Repro-
duction, Contraception, Obstetrics and Gynecology, 5, 3500-3505.
https://doi.org/10.18203/2320-1770.ijrcog20163431

Tandu-Umba, B. and Mbangama, M.A. (2015) Association of Maternal Anemia
with Other Risk Factors in Occurrence of Great Obstetrical Syndromes at Universi-
ty Clinics, Kinshasa, DR Congo. BMC Pregnancy and Childbirth, 15, 183.
https://doi.org/10.1186/s12884-015-0623-z

Mbangama, A., Barthélémy, T. and Roger, M. (2018) Baseline Iron Status and In-
dices of Oxidative Stress in a Cohort of Pregnant Women in Kinshasa, DR Congo.
Open Journal of Obstetrics and Gynecology, 8, 1476-1486.
https://doi.org/10.4236/0j0g.2018.814149

Rahman, M.M., Abe, S.K., Rahman, M.S., et al (2016) Maternal Anemia and Risk of
Adverse Birth and Health Outcomes in Low- and Middle-Income Countries: Syste-

matic Review and Meta-Analysis. The American Journal of Clinical Nutrition, 103,
495-504. https://doi.org/10.3945/ajcn.115.107896

Kumar, J.K., Asha, N., Murthy, D.S., Sujatha, M.S. and Manjunath, V.G. (2013)
Maternal Anemia in Various Trimesters and Its Effect on Newborn Weight and

Maturity: An Observational Study. International Journal of Preventive Medicine, 4,
193-199.

Daru, J., Zamora, J., Fernandez-Félix, B.M., et al. (2018) Risk of Maternal Mortality
in Women with Severe Anaemia during Pregnancy and Post Partum: A Multilevel
Analysis. The Lancet Global Health, 6, e548-e554.
https://doi.org/10.1016/S2214-109X(18)30078-0

Haider, B.A., Olofin, I., Wang, M., Donna Spiegelman, D., Ezzati, M. and Fawzi,
W.W. (2013) Anaemia, Prenatal Iron Use, and Risk of Adverse Pregnancy Outcomes:
Systematic Review and Meta-Analysis. BAMJ, 346, £3443.
https://doi.org/10.1136/bmj.f3443

Schaefer, R.M., Huch, R. and Krafft, A. (2007) Current Recommendations for the
Treatment of Iron Deficiency Anemia. Revue Médicale Suisse, 3, 874-880.

Cignini, P., Mangiafico, L., Padula, F., D’Emidio, L., Dugo, N., Aloisi, A., et al (2015)
Supplementation with a Dietary Multicomponent (Lafergin®) Based on Ferric So-
dium EDTA (Ferrazone®): Results of an Observational Study. Journal of Perinatal
Medicine, 9, 1-7. https://doi.org/10.11138/jpm/2015.9.1.001

Sarkate, P., Patil, A., Parulekar, S., Rege, N.N., Samant, B.D., Lokhande, J., Gupta,
A. and Kulkarni, K. (2007) A Randomised Double-Blind Study Comparing Sodium
Feredetate with Ferrous Fumarate in Anaemia in Pregnancy. Journal of Indian Medi-
cal Association, 105, 278, 280-281, 284.

Han, X.X,, Sun, Y.Y., Ma, A.G,, Yang, F., Zhang, F.Z,, Jiang, D.C. and Li, Y. (2011)
Moderate NaFeEDTA and Ferrous Sulfate Supplementation Can Improve Both

DOI: 10.4236/0jog.2021.1110131

1421 Open Journal of Obstetrics and Gynecology


https://doi.org/10.4236/ojog.2021.1110131
https://doi.org/10.1016/S2214-109X(13)70001-9
https://doi.org/10.1016/S0140-6736(10)62304-5
https://doi.org/10.18203/2320-1770.ijrcog20163431
https://doi.org/10.1186/s12884-015-0623-z
https://doi.org/10.4236/ojog.2018.814149
https://doi.org/10.3945/ajcn.115.107896
https://doi.org/10.1016/S2214-109X(18)30078-0
https://doi.org/10.1136/bmj.f3443
https://doi.org/10.11138/jpm/2015.9.1.001

M. A. Mbangama et al.

(16]

(17]

(18]

(19]

[20]

(21]

[22]

(23]

(24]

(25]

[26]

(27]

(28]

Hematologic Status and Oxidative Stress in Anemic Pregnant Women. Asia Pacific
Journal of Clinical Nutrition, 20, 514-520.

Sun, D., McLeod, A., Gandhi, S., Malinowski, A. and Shehata, N. (2017) Anemia in
Pregnancy: A Pragmatic Approach. Obstetrical & Gynecological Survey, 72, 730-737.
https://doi.org/10.1097/0GX.0000000000000510

Gedefaw, L., Ayele, A., Asres, Y. and Mossie, A. (2015) Anemia and Associated Fac-
tors among Pregnant Women Attending Antenatal Care Clinic in Wolayita Sodo
Town, Southern Ethiopia. Ethiopian Journal of Health Sciences, 25, 155-162.
https://doi.org/10.4314/ejhs.v25i2.8

Di Renzo, G.C., Spano, F., Giardina, I, Brillo, E., Clerici, G. and Roura, L.C. (2015)
Iron Deficiency Anemia in Pregnancy. Women's Health, 11, 891-900.
https://doi.org/10.2217/whe.15.35

Bléyéré, N.M. (2010) Evaluation et caractérisation du statut martial chez les femmes
en age de procréer non enceintes et les femmes au cours de la grossesse en Cote
d’Ivoire: Etude multicentrique dans la ville d’Abidjan. Université Nangui Abrogoua
(ex université d’Abobo-Adjamé), Doctorat unique d’Université.

Black, R.E., Victora, C.G., Walker, S.P., Bhutta, Z.A., Christian, P., De Onis, M., et
al. (2013) Maternal and Child Undernutrition and Overweight in Low-Income and
Middle-Income Countries. The Lancet, 382, 427-451.
https://doi.org/10.1016/S0140-6736(13)60937-X

Msuya, S.E., Hussein, T.H., Uriyo, J., Sam, N.E. and Stray-Pedersen, B. (2011)
Anaemia among Pregnant Women in Northern Tanzania: Prevalence, Risk Factors
and Effect on Perinatal Outcomes. Tanzania Journal of Health Research, 13, 33-39.
https://doi.org/10.4314/thrb.v13i1.60881

Getachew, M.K., Achenef, A.M., Abadi, K.B. and Gedefaw, A.F. (2017) Prevalence
and Determinants of Anemia among Pregnant Women in Ethiopia; a Systematic
Review and Meta-Analysis. BMC Hematology, 17, 17.
https://doi.org/10.1186/s12878-017-0090-z

Liyew, A.M., Tesema, G.A., Alamneh, T.S., Worku, M.G., Teshale, A.B., Alem, A.Z.,
et al. (2021) Prevalence and Determinants of Anemia among Pregnant Women in

East Africa; a Multi-Level Analysis of Recent Demographic and Health Surveys.
PLoS ONE, 16, €0250560. https://doi.org/10.1371/journal.pone.0250560

Bisoi, S., Haldar, D., Majumdar, T.K., Bhattacharya, N., Sarkar, G.N., Ray, S.K,, et
al. (2011) Correlates of Anemia among Pregnant Women in a Rural Area of West
Bengal. Journal of Family Welfare, 57, 72-78.

Ouedraogo, S., Koura, K.G., Accrombessi, K.M., Bodeau-Livinec, F., Mssougbodji,
A., Cot, M., et al. (2012) Maternal Anemia at First Antenatal Visit: Prevalence and
Risk Factors in a Malaria-Endemic Area in Benin. American Journal of Tropical
Medicine & Hygiene, 87, 418-424. https://doi.org/10.4269/ajtmh.2012.11-0706
Meseret, A., Bamlaku, E., Aschalew, G., Tigist, K., Mohammed, S., Yadessa, O., et al.
(2013) Prevalence of Anemia and Associated Risk Factors among Pregnant Women
Attending Antenatal Care from Gondar Town, Northwest Ethiopia. Journal of In-
ternational Histology, 1, 137-144. https://doi.org/10.5455/jihp.20130122042052
Melku, M., Addis, Z., Alem, M. and Enawgaw, B. (2014) Prevalence and Predictors
of Maternal Anemia during Pregnancy in Northwest Ethiopia. Anemia, 2014, Ar-
ticle ID: 108593. https://doi.org/10.1155/2014/108593

Tefera, G. (2014) Determinants of Anemia in Pregnant Women with Empbhasis on

Intestinal Helminthic Infection at Sher-Ethiopia Hospital, Ziway, Southern Ethi-
opia. Immunology and Infectious Diseases, 2, 33-39.

DOI: 10.4236/0jog.2021.1110131

1422 Open Journal of Obstetrics and Gynecology


https://doi.org/10.4236/ojog.2021.1110131
https://doi.org/10.1097/OGX.0000000000000510
https://doi.org/10.4314/ejhs.v25i2.8
https://doi.org/10.2217/whe.15.35
https://doi.org/10.1016/S0140-6736(13)60937-X
https://doi.org/10.4314/thrb.v13i1.60881
https://doi.org/10.1186/s12878-017-0090-z
https://doi.org/10.1371/journal.pone.0250560
https://doi.org/10.4269/ajtmh.2012.11-0706
https://doi.org/10.5455/jihp.20130122042052
https://doi.org/10.1155/2014/108593

M. A. Mbangama et al.

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

(41]

https://doi.org/10.13189/iid.2014.020401

Hurrell, R. and Egli, I. (2010) Iron Bioavailability and Dietary Reference Values.
The American Journal of Clinical Nutrition, 91, 1461S-1467S.
https://doi.org/10.3945/ajcn.2010.28674F

Liu, X., Du, J., Wang, G., Chen, Z., Wang, W. and Xi, Q. (2011) Effect of Pre-Preg-
nancy Body Mass Index on Adverse Pregnancy Outcome in North of China. Arc-
hives of Gynecology and Obstetrics, 283, 65-70.
https://doi.org/10.1007/s00404-009-1288-5

Sebire, N.J., Jolly, M., Harris, J., Regan, L. and Robinson, S. (2001) Is Maternal Un-
derweight Really a Risk Factor for Adverse Pregnancy Outcome? A Population-
Based Study in London. British Journal of Obstetrics and Gynaecology, 108, 61-66.
https://doi.org/10.1016/S0306-5456(00)00021-8

Mocking, M., Savitri, L.A., Uiterwaal, C.S.P.M., Amelia, D., Antwi, E., Baharuddin,
M., et al. (2018) Does Body Mass Index Early in Pregnancy Influence the Risk of
Maternal Anaemia? An Observational Study in Indonesian and Ghanajian Women.
BMC Public Health, 18, 873. https://doi.org/10.1186/s12889-018-5704-2

Sifakis, S. and Pharmakides, G. (2000) Anemia in Pregnancy. Annals of the New
York Academy of Sciences, 900, 125-136.
https://doi.org/10.1111/j.1749-6632.2000.tb06223.x

World Health Organization, Regional Office for South-East Asia (2007) 11 Health
Questions about the 11 SEAR Countries. Department of Health Systems Develop-
ment, WHO Regional Office for South-East Asia.
http://www.who.int/iris/handle/10665/204719

Gupta, 1. and Guin, P. (2010) Communicable Diseases in the South-East Asia Re-
gion of the World Health Organization: Towards a More Effective Response. Bulle-
tin of the World Health Organization, 88, 199-205.
https://doi.org/10.2471/BLT.09.065540

Mekachie Sandie, S., Sumbele, I.U.N., Tasah, M.M. and Kimbi, H.K. (2021) Malaria
and Intestinal Parasite Co-Infection and Its Association with Anaemia among People
Living with HIV in Buea, Southwest Cameroon: A Community-Based Retrospective
Cohort Study. PLoS ONE, 16, e0245743.
https://doi.org/10.1371/journal.pone.0245743

Demeke, G., Mengistu, G., Abebaw, A., Toru, M., Yigzaw, M., Shiferaw, A., et al
(2021) Effects of Intestinal Parasite Infection on Hematological Profiles of Pregnant
Women Attending Antenatal Care at Debre Markos Referral Hospital, Northwest
Ethiopia: Institution Based Prospective Cohort Study. PLoS ONE, 16, €0250990.
https://doi.org/10.1371/journal.pone.0250990

Andang’o, P.E.A., Osendarp, S.J.M., Ayah, R., West, C.E., Mwaniki, D.L., De Wolf,
C.A,, et al. (2007) Efficacy of Iron-Fortified Whole Maize Flour on Iron Status of
School Children in Kenya: A Randomised Controlled Trial. The Lancet, 369, 1799-
1806. https://doi.org/10.1016/S0140-6736(07)60817-4

Xiu, X.H., Yong, Y.S., Ai, G.M., Fang, Y., Feng, Z.Z., Dian, C.J., et al (2011) Mod-
erate NaFeEDTA and Ferrous Sulfate Supplementation Can Improve Both Hema-

tologic Status and Oxidative Stress in Anemic Pregnant Women. Asia Pacific Jour-
nal of Clinical Nutrition; Southbank, 20, 514-520.

Bothwell, T.H. and MacPhail, A.P. (2004) The Potential Role of NaFeEDTA as an
Iron Fortificant. International Journal for Vitamin and Nutrition Research, 74, 421-
434, https://doi.org/10.1024/0300-9831.74.6.421

School, T.O. (2005) Iron Status during Pregnancy: Setting the Stage for Mother and

DOI: 10.4236/0jog.2021.1110131

1423 Open Journal of Obstetrics and Gynecology


https://doi.org/10.4236/ojog.2021.1110131
https://doi.org/10.13189/iid.2014.020401
https://doi.org/10.3945/ajcn.2010.28674F
https://doi.org/10.1007/s00404-009-1288-5
https://doi.org/10.1016/S0306-5456(00)00021-8
https://doi.org/10.1186/s12889-018-5704-2
https://doi.org/10.1111/j.1749-6632.2000.tb06223.x
http://www.who.int/iris/handle/10665/204719
https://doi.org/10.2471/BLT.09.065540
https://doi.org/10.1371/journal.pone.0245743
https://doi.org/10.1371/journal.pone.0250990
https://doi.org/10.1016/S0140-6736(07)60817-4
https://doi.org/10.1024/0300-9831.74.6.421

M. A. Mbangama et al.

[42]

[43]

[44]

(45]

[46]

(47]

(48]

[49]

Infant. The American Journal of Clinical Nutrition, 81, 1218.
https://doi.org/10.1093/ajcn/81.5.1218

Zou, K., Gong, ].S., Yanagisawa, K. and Michikawa, M. (2002) A Novel Function of
Monomeric Amyloid Beta-Protein Serving as an Antioxidant Molecule against Met-
al-Induced Oxidative Damage. Journal of Neuroscience, 22, 4833-4841.

https://doi.org/lO.lSZS/ NEUROSCI.22-12-04833.2002
Hurrell, R.F. (2002) Fortification: Overcoming Technical and Practical Barriers. The
Journal of Nutrition, 132, 806S-812S. https://doi.org/10.1093/jn/132.4.806S

Wang, B., Zhan, S., Xia, Y. and Lee, L. (2008) Effect of Sodium Iron Ethylenediami-
netetraacetate (NaFeEDTA) on Haemoglobin and Serum Ferritin in Iron-Deficient

Populations: A Systematic Review and Meta-Analysis of Randomised and Quasi-
Randomised Controlled Trials. British Journal of Nutrition, 100, 1169-1178.
https://doi.org/10.1017/S0007114508012208

Martinez-Torres, C., Romano, E.L., Renzi, M. and Layrisse, M. (1979) Fe(III)-EDTA
Complex as Iron Fortification. Further Studies. 7he American Journal of Clinical

Nutrition, 32, 809-816. https://doi.org/10.1093/ajcn/32.4.809

Huang, J., Sun, J., Li, W.X., Wang, L.J., Wang, A.X,, Huo, ].S., et al. (2009) Efficacy
of Different Iron Fortificants in Wheat Flour in Controlling Iron Deficiency. Bio-
medical and Environmental Sciences, 22, 118-121.
https://doi.org/10.1016/S0895-3988(09)60033-7

EFSA Panel on Food Additives and Nutrient Sources Added to Food (ANS) (2010)
Scientific Opinion on the Use of Ferric Sodium EDTA as a Source of Iron Added for

Nutritional Purposes to Foods for the General Population (Including Food Supple-
ments) and to Foods for Particular Nutritional Uses. EFSA Journal, 8, 1414.
https://www.efsa.europa.eu

https://doi.org/10.2903/j.efsa.2010.1414

Nicola, M., Francesco, S., Alberto, P., Alessia, P., Liuba, F., Gioia, D.S., et al. (2019)
Role of Ferric Sodium EDTA Associated with Vitamin C, Folic Acid, Copper Glu-
conate, Zinc Gluconate and Selenomethionine Administration in Patients with Sec-
ondary Anaemia: Effects on Hemoglobin Value and Cardiovascular Risk. Health

Science Journals, 13, 5.

Revankar, V.M., Garg, A. and Revankar, M.G. (2017) Efficacy of Sodium Feredetate
versus Ferrous Sulfate in Iron Deficiency Anemia in Preganant Women. Interna-
tional Journal of Reproduction, Contraception, Obstetrics and Gynecology; 6, 1978-
1981. https://doi.org/10.18203/2320-1770.ijrcog20171961

DOI: 10.4236/0jog.2021.1110131

1424 Open Journal of Obstetrics and Gynecology


https://doi.org/10.4236/ojog.2021.1110131
https://doi.org/10.1093/ajcn/81.5.1218
https://doi.org/10.1523/JNEUROSCI.22-12-04833.2002
https://doi.org/10.1093/jn/132.4.806S
https://doi.org/10.1017/S0007114508012208
https://doi.org/10.1093/ajcn/32.4.809
https://doi.org/10.1016/S0895-3988(09)60033-7
https://www.efsa.europa.eu/
https://doi.org/10.2903/j.efsa.2010.1414
https://doi.org/10.18203/2320-1770.ijrcog20171961

	Benefit of Iron Supplementation with Ferric Sodium EDTA (NaFe3+-EDTA) in the Treatment of Anemia during Pregnancy in Democratic Republic of Congo (FERARI Study)
	Abstract
	Keywords
	1. Background
	2. Methods
	3. Results
	4. Discussion
	5. Conclusion
	Author’s Contributions
	Acknowledgements
	Conflicts of Interest
	References

