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Abstract

:

Fortification of wheat flour with iron and folic acid became mandatory in Ivory Coast in 2007. The purpose of this study was to determine the time trend relation between mandatory double fortification of wheat flour with iron and folic acid and markers and prevalence of anemia by comparing the data between pre- and post-fortification periods in Ivory Coast children. Data were derived from the pediatric unit of the University Hospital of Treichville, Abidjan, Ivory Coast. Medical records of 467 children from 5 to 14 years old were analyzed from the years 2004 through 2010. Periods from 1 January 2004 to 31 December 2006 and 1 January 2008 to 31 December 2010 were considered as pre- and post-fortification periods, respectively. Data on hemoglobin, hematocrit, red blood cell count (RBC), mean corpuscular volume (MCV), and anemia between pre- and post-fortification periods were compared. There were no significant differences in hemoglobin, hematocrit, RBC, and prevalence of anemia between pre- and post-fortification periods. However, MCV in post-fortification period was significantly higher compared to pre-fortification period in all subjects (77.6 fL vs. 76.8 fL; p = 0.02) and in young girls (79.1 fL vs. 75.2 fL; p = 0.01). Lack of significant differences in anemia and in markers of anemia between pre- and post-fortification periods need further investigation in children of Ivory Coast.
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1. Introduction


Anemia from micronutrient deficiencies is a major public health problem in developing countries such as Ivory Coast [1]. Anemia is also caused by other nutritional deficiencies, bacterial and viral infections, inflammation, and parasitic infestations [2]. Anemia affects nearly 2 billion people across the world [3]. In developing countries, the prevalence of anemia is estimated at 43%, while it is at 9% in developed countries [4]. Mild to moderate anemia leads to weakened immunity, reduced work capacity, reduced cognitive function, and an overall decreased quality of life. Severe anemia is considered a major cause of maternal and infant morbidity and mortality in developing countries [5]



Anemia caused by iron deficiency is the most prevalent nutritional deficiency [3]. In Ivory Coast, the prevalence of iron deficiency and iron-deficiency anemia were 41–63% and 20–39%, respectively [6]. A survey conducted prior to fortification in 900 households in 9 regions of Ivory Coast revealed that the prevalences of anemia in pre-school children and women of reproductive age (15–49 years old) were 72% and 50%, respectively [7]. Folate, another micronutrient is often deficient in the foods of people living in the developing world. Primarily, folate is present in plant-based foods. Food processing (heating, frying, milling, and baking) destroys a significant amount of folate in the food [8], which further lowers the available folate in food. Folate deficiency causes birth defects such as spina bifida, a neural tube defect, and macrocytosis, characterized by an elevated mean corpuscular volume (MCV) [9]. Folate deficiency in the women of reproductive age was 80% based on the needs assessment survey prior to food fortification in Ivory Coast. Therefore, the targeted populations for the double fortification of wheat flour with iron and folic acid were children and women of reproductive age [7]. To address micronutrient deficiencies, public health systems have developed three main strategies. These are to promote nutrition education combined with food diversification, promote iron and folic acid supplementation, and implement mandatory food fortification with iron and folic acid [10]. Among these strategies, evidence supports that food fortification is the most cost-effective, long-term approach to reduce nutrient deficiency in populations [11,12]. In various countries, iron and folate fortifications have been associated with a reduction in the prevalence of anemia in children [13,14,15,16].



In Ivory Coast, double fortification of wheat flour with iron and folic acid became mandatory in 2007 (Decree-025 was issued on 18 January 2007) with the collaboration of Non-Governmental Organizations such as the Global Alliance for Improved Nutrition and the Helen Keller International [17,18]. The double fortification of wheat flour was designed to deliver sufficient amounts of iron and folic acid to at-risk populations such as children, women of reproductive age, and pregnant women. The impact of food fortification efforts in Ivory Coast on the prevalence of anemia is under-investigated. In 2016, Rohner et al. [19] reported an improved iron and folate status and increased hemoglobin in children who had access to fortified foods in Ivory Coast. Recently, Prieto-Patron et al. [20] using the comparative risk assessment model showed that a reduction of ≈5% in iron deficiency anemia due to food fortification in Ivory Coast. No study has been conducted on a temporal association between food fortification periods (pre- and post) and markers and prevalence of anemia in children of Ivory Coast. Therefore, the objective of this study was to investigate whether children in Ivory Coast had decreased prevalence of anemia and improved markers of anemia in the post-fortification period compared to the pre-fortification period.




2. Methods


2.1. Study Setting


Ivory Coast is a west sub-Saharan African country with a tropical climate and vegetation dominated by forest and savannah. Abidjan, the economic capital of Ivory Coast, is the most populous city. The common diet of the population is composed of grains (rice, maize, and millet) and tubers (plantains, yam, and cassava). The data used in this study were derived from the medical records of the pediatric unit of the University Hospital of Treichville, one of the three main hospitals in the Abidjan area. This hospital receives patients from all parts of the country.




2.2. Subjects and Study Design


The design of this study was retrospective, observational on Ivorian children. Ethical approval was obtained from the hospital administration at the pediatric clinic of University Hospital of Treichville, Abidjan, prior to conducting this study (approval reference number: 60-MSLS/CHU-T/ADM-PED/KJ). As the study was retrospective in nature, we did not have contact with any participants. We considered a period before 2007 as a pre-fortification period and a period after 2007 as a post-fortification period. As the mandatory fortification commenced in January 2007, all the wheat flour would have been fortified by the end of 2007. Therefore, we determined the period beginning 2008 as the post-fortification period.



We calculated the sample size based on the Cochran’s formula (n = z2pq/e2; z = desired confidence level, which is 95%; p = estimated prevalence of anemia in the children population visiting hospital, ≈70% or 0.7; q = 1 − p, which is 1 − 0.7 = 0.3; and e = desired precision level, which is ± 5% or 0.05). Therefore, the minimum sample size needed for this study was ≈323. Had we used the adjusted Cochran’s formula for finite population (which is the case for the 5–14 years-old children attending the hospital in Ivory Coast), the minimum sample size required would have been even lower.



Retrospectively, we analyzed the medical records of 500 children, aged 5 to 14 years old. These subjects received hospital consultation during the study periods. From a total of 500 children, 250 came from the pre-fortification period and another 250 came from the post-fortification period. All 500 subjects had complete blood count measurements. Children who were hospitalized after initial consultation were considered subjects having serious medical condition. These subjects were excluded from the data analysis (n = 33). Thus, the final study sample contained 467 children.




2.3. Data Collection


Data on hemoglobin, hematocrit, red blood cell count (RBC), and MCV, and demographic characteristics (age and sex) were collected from medical records. Anemia was defined as having hemoglobin ˂11 g/dL for children under 6 years old and ˂12 g/dL for children 6–14 years old based on World Health Organization criteria [21].




2.4. Statistical Analysis


The Statistical Package for the Social Sciences (SPSS) version 20.0 (Chicago, IL, USA) was used for statistical analysis. A normality test was performed on the data. As the measurement variables were not normally distributed, a non-parametric test, Mann-Whitney U test was used to compare the mean difference in hemoglobin, hematocrit, RBC, and MCV between pre-fortification and post-fortification periods. The chi-squared test was performed to compare the prevalence of anemia between the pre- and post-fortification periods. The level of statistical significance was set at <0.05.





3. Results


Out of 467 subjects, 232 (121 boys and 111 girls) were in the pre-fortification period and 235 (123 boys and 112 girls) were in the post-fortification period. Means of hemoglobin and hematocrit by sex and age in pre- and post-fortification periods are presented in Table 1. Overall mean hemoglobin concentration was 10.9 g/dL. Hemoglobin concentration and hematocrit did not significantly differ between pre- and post-fortification periods in all subjects, all boys (both age groups), and all girls (both age groups).



Mean RBC and MCV by sex and age in pre-fortification and post-fortification periods are presented in Table 2. Overall, mean RBC did not differ significantly between pre- and post-fortification periods. In all subjects, mean MCV was significantly higher in the post-fortification period (77.6 fL in 2008–2010) compared to the pre-fortification period (76.8 fL in 2004–2006) (p = 0.02). However, in all boys and all girls, the MCV was not significantly different between pre- and post-fortification periods, although there was a trend (p = 0.07). In younger girls (5–9 years old), the MCV was significantly higher in the post-fortification period (79.1 fL in 2008–2010) compared to the pre-fortification period (75.2 fL in 2004–2006) (p = 0.01).



The prevalence of anemia by sex and age in pre-fortification and post-fortification periods are presented in Table 3. The overall prevalence of anemia in the entire sample was ≈77%. There was no significant difference in the prevalence of anemia between pre- and post-fortification periods in all subjects, all boys (both age groups), and all girls (both age groups).




4. Discussion


In this study, we reported the first data on a temporal association between double fortification of wheat flour with iron and folic acid, and anemia and makers of anemia in Ivory Coast children. We compared the differences between the pre-fortification period (2004 to 2006) and post-fortification period (2008–2010) in indices and prevalence of anemia in children aged 5–14 years old. The main finding was that we found no temporal association between pre- and post-fortification periods and indices of anemia, except MCV. Hemoglobin, hematocrit, RBC, and prevalence of anemia in children of Ivory Coast did not change from the pre-fortification to the post-fortification period. Interestingly, MCV significantly increased from pre- to post-fortification periods.



The impact of global food fortification programs on blood markers has yielded mixed results. In an Indian placebo control trial, hemoglobin concentrations did not change in schoolchildren after a community-level micronutrient fortification program [22]. A South African study also reported no improvement in hemoglobin concentration after 34 weeks of iron fortification program in schoolchildren (n = 361; 6–11 year old) belonging to low socioeconomic strata [23]. Similarly, a study from Brazil on pre-school-age children did not find any improvement in the prevalence of anemia from the pre-fortification period (2004) to the post-fortification period (2005–2008) although wheat flour supplied an adequate amount of iron. The authors attributed this to the low bioavailability of iron salts used to fortify wheat flour and the poor quality of diets of children [24].



However, several studies have reported the positive impact of food fortification efforts on the prevalence of anemia and the markers of anemia. Earlier, we reported an improvement in hemoglobin and hematocrit in the post- compared to the pre-folic-acid fortification period in a sample (n = 26,596; men = 12,670; women = 13,926) obtained from the US nationally representative sample surveys, NHANESs [25]. The effectiveness of iron fortification programs was ascertained in many countries [26,27,28,29]. A recent meta-analysis study of 10 randomized controlled trials (n = 3319) conducted in several countries (India, Brazil, Bangladesh, Philippines, South Africa, Sri Lanka, and Kuwait) reported that fortified wheat flour with or without other micronutrients compared to non-iron-fortified wheat flour reduced the risk of anemia by 27%. These studies used 41 to 60 mg of iron per kg of wheat flour. The length of the studies was 3 to 24 months [30]. In Venezuela, the fortification of wheat and maize flour with 50 mg/kg of iron, vitamin A, and B vitamins was associated with a significant decrease in the prevalence of anemia from 19% to 10% and iron deficiency from 37% to 16% one year later, in 307 school children aged 7 to 15 years old [28]. In a randomized controlled trial conducted in India, a wheat flour-based meal fortified with 6 mg of iron reduced the prevalences of iron deficiency anemia from 18% to 9% and iron deficiency from 62% to 21% in school children aged 6 to 15 year old (n = 401) [29]. Finally, in a Costa Rican national study, in which 2002 was the pre-fortification period and 2008–2009 was the post-fortification period, wheat flour fortified with iron reduced the prevalence of anemia from 19.3% to 4% and iron deficiency from 26.9% to 6.8% in pre-school children aged 1 to 7 years old [31]. In the majority of these studies, the positive effect of food fortification on the prevalence of anemia cannot be solely attributed to iron although it may have played a major role.



An interesting finding of this study was an increased MCV in the post-fortification period compared to the pre-fortification period. In our earlier study on the US population using the NHANES data, we reported a significant increase in MCV in some sub-group populations [24]. Similarly, Hirsch et al. [32] found an elevated MCV in the post-folic acid fortification period compared to the pre-fortification period. They concluded that increased MCV in the post-folic-acid fortification period is due to increased vitamin B12 deficiency. In contrast, using hospital data in the Chicago area, we reported a significant decrease in MCV from the pre- to post-folic-acid fortification period (94.4 fL to 88.6 fL) [33]. In the case of Ivorian children, whether the increased MCV is due to the increased prevalence of vitamin B12 deficiency needs further investigation.



In this current study, the lack of improvement in markers and prevalence of anemia from pre- to post-fortification periods in children of Ivory Coast could be attributed to several factors. First, the choice of food vehicle for the fortification program could partly explain these findings. Research has identified that wheat flour was the best vehicle for the iron fortification program because the bioavailability of iron added to wheat flour is greater than that of added to other staple foods such as maize and rice [34]. Nevertheless, the selection of wheat flour as a vehicle for mandatory double fortification may not be a suitable choice for the Ivorian population. According to FAO/WHO recommendations, the food to be fortified must be consumed in sufficient amounts by nearly all people in the target population [35]. In countries with higher wheat consumption such as South America where the intake was estimated to be more than 100 g/capita/day, wheat flour is the best vehicle for food fortification [36]. In Ivory Coast, however, only 70 g/capita/day of wheat flour is available versus 269 g/capita/day of available rice [37]. The consumption of wheat flour is therefore too low to deliver sufficient amount of micronutrients through fortification. In this case, rice would be a better vehicle for food fortification. Efforts on iron fortification of rice have begun in countries such as Philippines, Papua New Guinea, and Indonesia but no large-scale programs have been implemented [34]. In Philippines, evidence supports the effectiveness of iron-fortified rice in reducing anemia in preschool children [38]. Further research is therefore, needed to develop a rice fortification program to ensure an efficient alternative to wheat flour.



Another plausible explanation for the lack of improvement in anemia and in markers of anemia in the post-fortification period compared to the pre-fortification period is the inadequate fortification of wheat flour in Ivory Coast. The mandatory fortification amounts are 60 mg of elemental iron and 1.5 mg of synthetic folic acid per kg of wheat flour [39]. These fortificants have higher bioavailability compared to other forms. Based on a study in Ivory Coast by Rohner et al. [39] reported that overall only 32% of wheat flour was adequately fortified, although all flour samples contained some iron. The under-fortification of wheat flour was much higher (53%) in the rural areas compared to the urban areas such as Abidjan (7%) [19]. Under-fortification has also been reported in some African nations. For example, in Tanzania 83.3% and 15% of wheat flour samples were adequately fortified with iron and folic acid, respectively [40]. It is important to monitor the fortification levels on a continuous basis and to consider other staple foods for expansion of fortification efforts.



In children of Ivory Coast, iron and folate deficiencies are not the only causes of anemia. Infectious diseases, intestinal parasitic diseases, and congenital hemoglobinopathies (sickle-cell and thalassemias) are other causes of anemia [41,42,43]. As inflammation impairs iron absorption and utilization, the efficacy of iron fortification may be jeopardized in the population of sub-Saharan Africa where the infection rates are very high [18]. Recently Righetti et al. [41] reported a prevalence of helminth infection of 53% in school-age children, although there was a regional variability within Ivory Coast. In this context, evidence suggests that an active helminths control must be coupled with efforts to control iron deficiency anemia [44]. In addition, malaria is a health burden for children living in Ivory Coast. A recent study on Ivorian schoolchildren reported a Plasmodium prevalence of 74% [41]. Therefore, the high prevalence of inflammatory conditions associated with parasitic and malarial infection could partly explain the inefficacy of fortification efforts in Ivorian children.



The results of the present study should be viewed in light of some limitations. Due to observational study, the causality should not be assumed. As the study was conducted in one hospital in the capital city of Ivory Coast, these results cannot be applied to the Ivorian children at large. Overall, mean hemoglobin concentration was low (10.9 g/dL) and the prevalence of anemia was high (≈77%) in both pre- and post-fortification periods. This might have affected the results of this study. To what extent the health status affected the results is not known because in both fortification periods, the sample originated from the same hospital with a largely similar health status of participants. Due to a lack of dietary intake data, we were unable to assess the intakes of iron and folic acid. There is also a possibility that if the sample size was larger, we might have seen a significant difference in anemia between pre-and post-fortification periods. We evaluated the post-fortification data for only 2 years. Further studies are needed to assess the effectiveness of the wheat fortification program for a longer duration in the post-fortification period. Future research should explore the feasibility of fortification of rice and rice products and various condiments with anti-anemic micronutrients in Ivory Coast.







Author Contributions


Conceptualization, Methodology, Investigation, Resources, Writing-Original Draft Preparation, Review & Editing, Interpretation of Data, Supervision, V.G.; Methodology, Investigation, Formal Analysis, Data Collection, Interpretation of Data, Writing—Original Draft Preparation, Writing—Review & Editing, F.D.B. Both authors have read and agreed to the published version of the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This study was not funded. The publication fee for Open Access is paid by QU Health, Qatar University, Doha, Qatar.




Data Availability Statement


Data are available upon request from the authors.




Acknowledgments


This current study was extracted from F.D.B.’s Master’s thesis.




Conflicts of Interest


The authors declare no conflict of interest.




Ethical Statement


Ethical approval was obtained from the hospital administration at the pediatric clinic of University Hospital of Treichville, Abidjan, prior to conducting this study (approval reference number: 60-MSLS/CHU-T/ADM-PED/KJ). This retrospective study was conducted according to the guidelines of the Declaration of Helsinki.




References


	



Van den Briel, T.; Cheung, E.; Zewari, J.; Khan, R. Fortifying food in the field to boost nutrition: Case studies from Afghanistan, Angola, and Zambia. Food Nutr. Bull. 2007, 28, 353–364. [Google Scholar] [CrossRef] [PubMed]

	



WHO. Weekly Iron-Folic Acid Supplementation (WIFS) in Women of Reproductive Age: Its Role in Promoting Optimal Maternal and Child Health. Position Statement. 2009. Available online: http://www.who.int/nutrition/publications/micronutrients/weekly_iron_folicacid.pdf (accessed on 16 April 2021).

	



WHO. Micronutrient deficiencies. Available online: http://www.who.int/nutrition/topics/ida/en/ (accessed on 17 April 2021).

	



Balarajan, Y.; Ramakrishnan, U.; Ozaltin, E.; Shankar, A.H.; Subramanian, S.V. Anemia in low-income and middle-income countries. Lancet. 2011, 378, 2123–2135. [Google Scholar] [CrossRef]

	



Charles, C.V.; Summerlee, A.J.S.; Dewey, C.E. Anemia in Cambodia: Prevalence, etiology and research needs. Asia Pac. J. Clin. Nutr. 2012, 21, 171–181. [Google Scholar] [PubMed]

	



Asobayire, F.S.; Adou, P.; Davidsson, L.; Cook, J.D.; Hurrell, R.F. Prevalence of iron deficiency with and without concurrent anemia in population groups with high prevalences of malaria and other infections: A study in Côte d’Ivoire. Am. J. Clin. Nutr. 2001, 74, 776–782. [Google Scholar] [CrossRef] [PubMed]

	



Rohner, F.; Northrop-Clewes, C.; Tschannen, A.B.; Bosso, P.E.; Kouassi-Gohou, V.; Erhardt, J.G.; Bui, M.; Zimmermann, M.B.; Mascie-Taylor, C.G. Prevalence and public health relevance of micronutrient deficiencies and undernutrition in pre-school children and women of reproductive age in cote d’ivoire, west africa. Public Health Nutr. 2014, 17, 2016–2028. [Google Scholar] [CrossRef]

	



Al Khatib, L.; Obeid, O.; Sibai, A.-M.; Batal, M.; Adra, N.; Hwalla, N. Folate deficiency is associated with nutritional anaemia in Lebanese women of childbearing age. Public Health Nutr. 2006, 9, 921–927. [Google Scholar] [CrossRef]

	



Milman, N. Anemia—Still a major health problem in many parts of the world! Ann. Hematol. 2011, 90, 369–377. [Google Scholar] [CrossRef]

	



Zimmermann, M.B.; Hurrell, R.F. Nutritional iron deficiency. Lancet 2007, 370, 511–520. [Google Scholar] [CrossRef]

	



Baltussen, R.; Knai, C.; Sharan, M. Iron fortification and iron supplementation are cost effective interventions to reduce iron deficiency in four subregions of the world. J. Nutr. 2004, 134, 2678–2684. [Google Scholar] [CrossRef]

	



Laxminarayan, R.; Mills, A.J.; Breman, J.G.; Measham, A.R.; Alleyne, G.; Claeson, M.; Jha, P.; Musgrove, P.; Chow, J.; Shahid-Salles, S.; et al. Advancement of global health: Key messages from the Disease Control Priorities Project. Lancet 2006, 367, 1193–1208. [Google Scholar] [CrossRef]

	



Mannar, V.; Gallego, E.B. Iron fortification: Country level experiences and lessons learned. J. Nutr. 2002, 132, 856S–858S. [Google Scholar] [CrossRef] [PubMed]

	



Layrisse, M.; Chaves, J.F.; Mendez-Castellano Bosch, V.; Tropper, E.; Bastardo, B.; Gonzalez, E. Early response to the effect of iron fortification in the Venezuelan population. Am. J. Clin. Nutr. 1996, 64, 903–907. [Google Scholar] [CrossRef] [PubMed]

	



El Hamdouchi, A.; El Kari, K.; Rjimati, L.; El Haloui, N.; El Mzibri, M.; Aguenaou, H.; Mokhtar, N. Impact of flour fortification with elemental iron on the prevalence of anemia among preschool children in Morocco. East. Mediterr. Health J. 2010, 16, 1148–1152. [Google Scholar] [CrossRef]

	



Shamah, T.; Villalpando, S. The role of enriched foods in infant and child nutrition. Br. J. Nutr. 2006, 96, S73–S77. [Google Scholar] [CrossRef] [PubMed]

	



Global Alliance for Improved Nutrition. News and Press Release, 24 June 2005. Côte d’Ivoire Launches National Food Fortification Project to Combat Vitamin and Mineral Deficiency. Available online: https://reliefweb.int/report/c%C3%B4te-divoire/c%C3%B4te-divoire-launches-national-food-fortification-project-combat-vitamin-and (accessed on 25 April 2021).

	



Rohner, F.; Zimmermann, M.B.; Amon, R.J.; Vounatsou, P.; Tschannen, A.B.; N’Goran, E.K.; Nindjin, C.; Cacou, M.-C.; Té-BonléM, D.; Aka, H.; et al. In a randomized controlled trial of iron fortification, anthelmintic treatment, and intermittent preventive treatment of malaria for anemia control in Ivorian children, only anthelmintic treatment shows modest benefit. J. Nutr. 2010, 140, 635–641. [Google Scholar] [CrossRef] [PubMed]

	



Rohner, F.; Raso, G.; Aké-Tano, S.O.; Tschannen, A.B.; Mascie-Taylor, C.G.; Northrop-Clewes, C.A. The Effects of an Oil and Wheat Flour Fortification Program on Pre-School Children and Women of Reproductive Age Living in Côte d’Ivoire, a Malaria-Endemic Area. Nutrients 2016, 8, 148. [Google Scholar] [CrossRef] [PubMed]

	



Prieto-Patron, A.; Hutton, Z.V.; Fattore, G.; Sabatier, M.; Detzel, P. Reducing the burden of iron deficiency anemia in Cote D’Ivoire through fortification. J. Health Popul. Nutr. 2020, 39, 1. [Google Scholar] [CrossRef]

	



WHO. Worldwide Prevalence of Anemia 1993–2005. WHO Global Database on Anemia. Available online: https://apps.who.int/iris/handle/10665/43894 (accessed on 2 May 2021).

	



Osei, A.K.; Rosenberg, I.H.; Houser, R.F.; Bulusu, S.; Mathews, M.; Hamer, D.H. Community level micronutrient fortification of school lunch meals improved vitamin A, folate, and iron status of schoolchildren in Himalayan villages of India. J. Nutr. 2010, 140, 1146–1154. [Google Scholar] [CrossRef]

	



Van Stuijvenberg, M.E.; Smuts, C.M.; Lombard, C.J.; Dhansay, M.A. Fortifying brown bread with sodium iron EDTA, ferrous fumarate, or electrolytic iron does not affect iron status in South African schoolchildren. J. Nutr. 2008, 138, 782–786. [Google Scholar] [CrossRef]

	



Assunção, M.C.; Santos, I.S.; Barros, A.J.; Gigante, D.P.; Victora, C.G. Flour fortification with iron has no impact on anaemia in urban Brazilian children. Public Health Nutr. 2012, 15, 1796–1801. [Google Scholar] [CrossRef]

	



Ganji, V.; Kafai, M.R. Hemoglobin and hematocrit values are higher and prevalence of anemia is lower in the post-folic acid fortification period than in the pre-folic acid fortification period in US adults. Am. J. Clin. Nutr. 2009, 89, 363–371. [Google Scholar] [CrossRef] [PubMed]

	



Cabalda, A.B.; Tengco, L.W.; Solon, J.A.A.; Sarol JNJr Rayco-Solon, P.; Solon, F.S. Efficacy of pandesal baked from wheat flour fortified with iron and vitamin a in improving the iron and anthropometric status of anemic schoolchildren in the Philippines. J. Am. Coll. Nutr. 2009, 28, 591–600. [Google Scholar] [CrossRef] [PubMed]

	



Tazhibayev, S.; Dolmatova, O.; Ganiyeva, G.; Khairov, K.; Ospanova, F.; Oyunchimeg, D.; Suleimanova, D.; Scrimshaw, N. Evaluation of the potential effectiveness of wheat flour and salt fortification programs in five Central Asian countries and Mongolia, 2002–2007. Food Nutr. Bull. 2008, 29, 255–265. [Google Scholar] [CrossRef]

	



Layrisse, M.; García-Casal, M.N.; Méndez-Castellano, H.; Jiménez, M.; Olavarría, C.H.; Chávez, J.F.; González, E.; Delange, F.M.; Kibambe, T.N.; Ouédraogo, A.; et al. Impact of fortification of flours with iron to reduce the prevalence of anemia and iron deficiency among schoolchildren in Caracas, Venezuela: A follow-up. Food Nutr. Bull. 2002, 23, 384–389. [Google Scholar] [CrossRef] [PubMed]

	



Muthayya, S.; Thankachan, P.; Hirve, S.; Amalrajan, V.; Thomas, T.; Lubree, H.; Agarwal, D.; Srinivasan, K.; Hurrell, R.F.; Yajnik, C.S.; et al. Iron fortification of whole wheat flour reduces iron deficiency and iron deficiency anemia and increases body iron stores in Indian school-aged children. J. Nutr. 2012, 142, 1997–2003. [Google Scholar] [CrossRef]

	



Field, M.S.; Mithra, P.; Peña-Rosas, J.P. Wheat flour fortification with iron and other micronutrients for reducing anaemia and improving iron status in populations. Cochrane Database Syst. Rev. 2021, 1, CD011302. [Google Scholar] [CrossRef]

	



Martorell, R.; Ascencio, M.; Tacsan, L.; Alfaro, T.; Young, M.F.; Addo, O.Y.; Dary, O.; Flores-Ayala, R. Effectiveness evaluation of the food fortification program of Costa Rica: Impact on anemia prevalence and hemoglobin concentrations in women and children. Am. J. Clin. Nutr. 2015, 101, 210–217. [Google Scholar] [CrossRef]

	



Hirsch, S.; Maza, P.; Barrera, G.; Gattas, V.; Petermann, M.; Bunout, D. The Chilean flour folic acid fortification program reduces serum homocysteine levels and masks vitamin B-deficiency in elderly people. J. Nutr. 2002, 132, 289–291. [Google Scholar] [CrossRef]

	



Wyckoff, K.F.; Ganji, V. Proportion of individuals with low serum vitamin B-12 concentrations without macrocytosis is higher in the post folic acid fortification period than in the pre folic acid fortification period. Am. J. Clin. Nutr. 2007, 86, 1187–1192. [Google Scholar] [CrossRef]

	



Darnton-Hill, I.; Mora, J.O.; Weinstein, H.; Wilbur, S.; Nalubola, P.R. Iron and folate fortification in the Americas to prevent and control micronutrient malnutrition: An of iron-fortified rice: Effects on anemia status. Food Nutr. Bull. 2011, 32, 3–12. [Google Scholar]

	



Guidelines on Food Fortification with Micronutrients. Edited by Allen L, Benoist B, Dary O, Hurrell, R. Available online: http://www.who.int/nutrition/publications/guide_food_fortification_micronutrients.pdf (accessed on 17 April 2021).

	



Sadighi, J.; Mohammad, K.; Sheikholeslam, R.; Amirkhani, M.A.; Torabi, P.; Salehi, F.; Abdolahi, Z. Anemia control: Lessons from the flour fortification programme. Public Health. 2009, 123, 794–799. [Google Scholar] [CrossRef]

	



Flour Fortification Initiative. Country Profile-Cote d‘Ivoire. Available online: https://www.ffinetwork.org/cote-divoire/?record=107 (accessed on 18 April 2021).

	



Moy, R.J. New approaches to the detection and prevention of iron-deficiency anemia. J. Trop. Pediatr. 1999, 45, 320–321. [Google Scholar] [CrossRef] [PubMed]

	



Rohner, F.; Leyvraz, M.; Konan, A.G.; Esso, L.J.; Wirth, J.P.; Norte, A.; Adiko, A.F.; Bonfoh, B.; Aaron, G.J. The Potential of Food Fortification to Add Micronutrients in Young Children and Women of Reproductive Age-Findings from a Cross-Sectional Survey in Abidjan, Côte d’Ivoire. PLoS ONE 2016, 11, e0158552. [Google Scholar]

	



Kiwango, F.A.; Chacha, M.; Raymond, J. Adequacy of micronutrient fortification in the mandatory fortified food vehicles in Tanzania. Nutr. Food Sci. 2020. [Google Scholar] [CrossRef]

	



Righetti, A.A.; Koua, A.Y.; Adiossan, L.G.; Glinz, D.; Hurrell, R.F.; N’goran, E.K.; Niamké, S.; Wegmüller, R.; Utzinger, J. Etiology of anemia among infants, school-aged children, and young non-pregnant women in differen settings of South-Central Cote d’Ivoire. Am. J. Trop Med Hyg. 2012, 87, 425–434. [Google Scholar] [CrossRef] [PubMed]

	



Kakou Danho, J.B.; Atiméré, Y.N.; Koné, D.; Yéo, D.D.; Couitchéré, L. Feasibility Study of the “HemoTypeSC” Test for the Rapid Screening of Sickle Cell Disease in Côte D’Ivoire. Adv. Hematol. 2021, 2021, 8862039. [Google Scholar] [CrossRef] [PubMed]

	



Tolentino, K.; Friedman, J.F. An update on anemia in less developed countries. Am. J. Trop Med. Hyg. 2007, 77, 44–51. [Google Scholar] [CrossRef] [PubMed]

	



Ahluwalia, N. Intervention Strategies for Improving Iron Status of Young Children and Adolescents in India. Nutr. Rev. 2002, 60, S115. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Hemoglobin and hematocrit by sex and age in the retrospective study on the children of Ivory Coast: comparison of data between pre-fortification period (2004–2006) and post-fortification period (2008–2010) 1.
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Hemoglobin, g/dL

	
Hematocrit, %




	

	
Pre 2

	
Post 2

	
p-Value 2

(Pre vs. Post)

	
Pre 2

	
Post 2

	
p-Value 2

(Pre vs. Post)






	
All subjects

	
10.9 ± 1.5

	
10.9 ± 1.4

	
0.9

	
32.7 ± 4.5

	
32.9 ± 4.3

	
0.9




	
All boys

Age

	
10.7 ± 1.4

	
10.7 ± 1.3

	
0.9

	
32 ± 4.2

	
32.2 ± 4.3

	
0.9




	
5–9, y

	
10.4 ± 1.3

	
10.6 ± 1.2

	
0.5

	
31.3 ± 3.9

	
31.9 ± 3.8

	
0.4




	
10–14, y

	
10.9 ± 1.4

	
10.8 ± 1.5

	
0.5

	
32.7 ± 4.4

	
32.6 ± 5

	
0.6




	
All girls

Age

	
11.1 ± 1.6

	
11.1 ± 1.4

	
0.8

	
33.4 ± 4.6

	
33.7 ± 4.2

	
0.9




	
5–9, y

	
10.9 ± 1.6

	
10.1 ± 1.3

	
0.7

	
32.8 ± 4.8

	
33.8 ± 4.1

	
0.3




	
10–14, y

	
11.3 ± 1.5

	
11.2 ± 1.5

	
0.6

	
33.9 ± 4.4

	
33.5 ± 4.4

	
0.3








1 The data are based on examination and complete blood count of children of 5 to 14 years old (n = 467). Values are mean ± SE. 2 Significance between pre- and post-fortification periods (Mann-Whitney U test).
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Table 2. Red blood cell count and mean corpuscular volume by sex and age in the retrospective study on the children of Ivory Coast: comparison of data between pre-fortification period (2004–2006) and post-fortification period (2008–2010) 1.
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Red Blood Cell, 106/mm

	
Mean Corpuscular Volume, fL




	

	
Pre

	
Post

	
p-Value 2

(Pre vs. Post)

	
Pre

	
Pre

	
p-Value 2

(Pre vs. Post)






	
All subjects

	
4.3 ± 0.7

	
4.3 ± 0.6

	
0.7

	
76.8 ± 10.3

	
77.6 ± 7.9

	
0.02




	
All boys

Age

	
4.3 ± 0.7

	
4.2 ± 0.5

	
0.3

	
74.9 ± 9.6

	
76.2 ± 7.9

	
0.07




	
5–9, y

	
4.2 ± 0.7

	
4.2 ± 0.5

	
0.4

	
74.6 ± 10.2

	
77.2 ± 6.9

	
0.06




	
10–14, y

	
4.3 ± 0.9

	
4.3 ± 0.5

	
0.6

	
75.4 ± 9.2

	
74.9 ± 8.9

	
0.7




	
All girls

Age

	
4.2 ± 0.5

	
4.4 ± 0.6

	
0.08

	
78.7 ± 10.6

	
79 ± 7.8

	
0.07




	
5–9, y

	
4.4 ± 0.7

	
4.4 ± 0.6

	
0.4

	
75.2 ± 7.8

	
79.1 ± 8.4

	
0.01




	
10–14, y

	
4.1 ± 0.6

	
4.3 ± 0.6

	
0.2

	
81.8 ± 11.8

	
78.9 ± 6.9

	
0.9








1 Data are based on examination and complete blood count of children of 5 to 14 years old (n = 467). Values are mean ± SE. 2 Significance between pre-fortification and post-fortification periods. As the data were not normal, Mann-Whitney U test was used.













[image: Table] 





Table 3. Prevalence of anemia by sex and age in the retrospective study on children of Ivory Coast: comparison of data between pre-fortification period (2004–2006) and post-fortification period (2008–2010) (n = 467) 1.
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Prevalence of Anemia 2

	
p-Value 3

(Pre vs. Post)




	

	
Pre

	
Post




	

	
Cases, n

	
Prevalence, %

	
Cases, n

	
Prevalence, %






	
All subjects

	
179

	
77.2

	
181

	
77

	
0.9




	
All boys

Age

	
100

	
82.6

	
99

	
80.5

	
0.7




	
5–9, y

	
49

	
84.5

	
59

	
81.9

	
0.7




	
10–14, y

	
51

	
81

	
40

	
78.4

	
0.7




	
All girls

Age

	
79

	
71.2

	
82

	
73.2

	
0.7




	
5–9, y

	
40

	
75.5

	
45

	
68.2

	
0.4




	
10–14, y

	
39

	
67.2

	
37

	
80.4

	
0.1








1 Data are based on examination and complete blood count of children of 5 to 14 years old. 2 Anemia was defined as having hemoglobin ˂11 g/dL for children under 6 years old and ˂12 g/dL for children 6–14 years old. 3 Significance for the prevalence of anemia between pre- and post-fortification periods (chi-squared test).
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