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Abstract: Overlapping micronutrient interventions might increase the risk of excessive micronutrient
intake, with potentially adverse health effects. To evaluate how strategies currently implemented in
Benin and Ghana contribute to micronutrient intake in women of reproductive age (WRA), and to
assess the risk for excess intakes, scenarios of basic rural and urban diets were built, and different on-
going interventions were added. We estimated micronutrient intakes for all different scenarios. Four
types of intervention were included in the scenarios: fortification, biofortification, supplementation
and use of locally available nutrient-rich foods. Basic diets contributed poorly to daily micronutrient
intake in WRA. Fortification of oil and salt were essential to reach daily requirements for vitamin
A and iodine, while fortified flour contributed less. Biofortified products could make an important
contribution to the coverage of vitamin A needs, while they were not sufficient to cover the needs of
WRA. Iron and folic acid supplementation was a major contributor in the intake of iron and folate, but
only in pregnant and lactating women. Risk of excess were found for three micronutrients (vitamin
A, folic acid and niacin) in specific contexts, with excess only coming from voluntary fortified food,
supplementation and the simultaneous overlap of several interventions. Better regulation and control
of fortification and targeting of supplementation could avoid excess intakes.

Keywords: micronutrients; fortification; supplementation; biofortification

1. Introduction

In West Africa, the prevalence of acute and chronic malnutrition is still high [1], but the
magnitude of micronutrient deficiencies and their health impacts are poorly documented.
In Ghana, a national micronutrient survey conducted in 2017 reported that deficiencies
of iron, vitamin A and folate affect 13.7%, 1.5% and 53.8% of non-pregnant women, re-
spectively [2]. In Benin, no national data are currently available on the micronutrient
status of the population, but one study in women of reproductive age (WRA) reported a
prevalence of 11.3% for iron deficiency and 17.7% for vitamin A deficiency [3]. Often, to
address micronutrient deficiency, several approaches such as supplementation, fortification
and/or biofortification and interventions to increase dietary diversity, are implemented
simultaneously.

While micronutrients are essential nutrients for life, some of them can also be poten-
tially harmful if consumed in excess. Most risk of excess intake comes with chronically
high intakes, although, for some micronutrients, excess consumption can result in acute
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poisoning [4-7]. When consumed from natural food ingredients, micronutrients are gener-
ally supposed to be safe because of the regulation of their absorption in the body. However,
alternative or pure chemical forms used for fortification or supplementation could have
toxic effects when used in excess.

In several low- and middle-income countries (LMICs), different combinations of
micronutrient interventions are currently being implemented and, while the overlap of
these interventions could improve the coverage of micronutrient needs, it could also
increase the risk of exposure to overconsumption for some micronutrients if not adequately
monitored at the intervention level [8,9]. Recent studies have examined the potential risk of
overconsumption due to the multiplication of interventions focused on vitamin A or iodine;
these concluded that more studies are needed regarding the risk of overconsumption, as
well as the dietary pattern of populations and a definition of UL [4,8,10].

The objectives of this study were to evaluate the following: How strategies currently
implemented in two countries in West Africa (Benin and Ghana) contribute to the coverage
of micronutrient needs in women of reproductive age; how existing strategies could be
optimized; and whether there is a risk for excess intake of micronutrients targeted through
these programs.

2. Materials and Methods
2.1. Micronutrients Programs

A situational analysis of nutritional programs currently or recently implemented,
either voluntary or mandatory, in Benin and Ghana was performed as part of the INSIDER
(INtegrated Strategies for Mlcronutrient DEficiencies Reduction) project, funded by the
European Commission under the Food Fortification Advisory Services. Fortification,
biofortification and supplementation programs, whether mandatory, voluntary or currently
in development, were documented through a desk review and interviews with local experts
in Benin and Ghana.

In addition, the potential use of locally available micronutrient-rich foods such as fruit
or fish was also considered, as they contribute to dietary diversification, a complementary
nutrition-sensitive approach that can improve micronutrient intakes. Thus, alternative
micronutrient-rich foods were included in the scenarios in replacement, or in addition to,
basic diets, and their potential impact was estimated.

2.2. Target Populations

Two groups of women of reproductive age (1549 years) were considered according
to their different nutrient needs: non-pregnant and non-lactating women, and pregnant or
lactating women. The scenarios were built for both rural and urban contexts, considering
that the urban diet is more diversified, with women having access to a larger range of
products than women living in rural areas.

2.3. Diet Patterns

Typical daily food consumption patterns were chosen as basic dietary patterns in order
to calculate the basal amounts of micronutrients consumed. The number, type and amounts
of meals were defined in consultation with local nutritionists in Benin and Ghana and
according to results of previous published surveys [11-16]; personal communications from
the Food Africa project dietary survey were also used [17]. Meal menus were designed
based on popular, traditional meals routinely consumed by the population groups consid-
ered (supplementary Table S1(a,b)). Four dietary scenarios were constructed for women in
both countries, with a more diverse diet for women in urban areas than women in rural
areas, and supplementary dishes included in the daily meals of pregnant and lactating
women. In Benin, the diet is mainly based on cassava and maize doughs accompanied by
vegetable-based sauces. In Ghana, basic staples included in meals were rice, maize and
yams. In both countries, wheat flour-based foods (bread and doughnuts) were considered
to be available and consumed only in urban areas. A daily feeding pattern was defined as
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6 meals per day for women in urban areas as follows: (1) breakfast, (2) morning meal, (3)
lunch, (4) snack, (5) dinner, (6) after-dinner snack. For the rural population, the number of
meals was set to 4, with the amount consumed per meal increased to fit the living habits of
rural women.

Once dishes had been selected, recipes for each meal were determined based on
published studies and reports [18-20]. The amounts of consumption (intake) for each food
were estimated considering several data and surveys [11,21,22].

In addition to these basic diets, other sources of micronutrients from different inter-
ventions were included, and their participation in the coverage of micronutrient needs was
calculated. The different combinations are described in Table 1.

The impact of the consumption of (bio)-fortified products on daily intake was esti-
mated by replacing the basic micronutrient composition of the product with the micronu-
trient contents of a corresponding (bio)-fortified product. Therefore, basic maize porridge
composition was replaced by one with biofortified maize. To include biofortified sweet
potatoes, some of the snacks from usual diets (fried yam, orange, roasted groundnuts and
watermelon) were replaced by fried sweet potatoes (Supplementary Table S1(b)).

The impact of replacing basic oil with red palm oil in recipes, as well as the consump-
tion of one mango (100 g) or the addition of fried tilapia (76 g) to a basic meal, was also
tested. For pregnant or lactating women, consumption of fortified biscuits (voluntary forti-
fication portion of 40 g) instead of fried tilapia was also tested. The chosen fortified product
was a Lola milk biscuit, which belongs to the OBAASIMA scheme, which is coordinated by
the Association of Ghana Industries and Ghana Standard Authority.

Table 1. Combination of interventions included in the scenarios proposed for non-pregnant and non-lactating women
(NPNL), and pregnant or lactating women (P/L), in urban (U) and rural (R) settings.

Benin Ghana
NPNL P/L NPNL P/L
U R U R U R U R
Basic diets X X X X X X X X
Fortification
Salt X X X X X X
Qil X X X X X X X X
Wheat flour X X X X
Biofortification
Maize X X X X
Sweet potatoes X X X X
Supplementation
IFA X X X X
High-dose Vit A X X
MN-rich food
Red palm oil X X X X X X X X
Fried tilapia X X X X
Mango X X X X X X X X
Fortified biscuit X X X X

2.4. Micronutrients Intakes and Comparison to Recommendations

The total amount of micronutrient intake from diets was calculated by totaling the
micronutrient content of each individual food ingredient reported in the FAO West African
Food Composition Tables [23,24], or in the French Composition table Ciqual [25]. When
available, the micronutrient composition of ingredients after cooking was used. The f3-
carotene contents in biofortified orange sweet potatoes and maize were estimated at 55 ppm
(4.2 ug ER/g) and 6 ppm (0.5 pg ER/g), respectively [26,27].
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The acceptable ranges for consumption were defined following the WHO/FAO recom-
mendations [5] considering the estimated average requirement (EAR), corresponding to the
average daily nutrient intake level that meets the needs of 50% of “healthy” individuals; the
recommended nutrient intakes (RNI), corresponding to the EAR plus 2 standard deviations
that meet the daily nutrient requirements for 97.5% of the population, and the upper limits
(UL), corresponding to the maximum intake, are unlikely to pose a risk of adverse health
effects from excess (Supplementary Table S2). For iodine, the upper limits indicated in
tables were calculated according to WHO recommendations of 30 ng/kg/j for women with
an assumed body weight of 55 kg and 40 ug/kg/j for pregnant or lactating women with an
assumed body weight of 65 kg. For iron and zinc, the RNIs considered were those defined
for a diet with low bioavailability, i.e., 5% for iron and 15% for zinc [5]. The WHO does not
formulate recommendations for iron intakes by pregnant women but sets RNI for lactating
women at 30 mg/day, a reference that was used for the whole group of pregnant/lactating
women in the calculation of the coverage of iron needs. Since the WHO has not set a UL
for iron, the UL proposed by IoM, which is 45 mg/day, was used [28]. The IoM UL is,
however, below the RNI proposed by the WHO for diets with low iron bioavailability (5%)
for women of reproductive age (58.8 mg/day).

3. Results
3.1. Micronutrient Interventions

Table 2 describes the ongoing micronutrient interventions implemented in Benin and
Ghana. Three mandatory fortification programs are currently being implemented in both
countries: salt with potassium iodate; oil with retinol palmitate; wheat flour with iron, folic
acid and vitamin B complex. Mandatory salt fortification started in 1996 in Benin, 10 years
before Ghana, and vegetable oil and wheat flour fortification has been mandatory since
2010 in Ghana and since 2012 in Benin.

Biofortification programs are currently under development in Benin. Three biofortified
crops are currently being tested but have not yet been released onto the market: biofortified
maize, biofortified cassava (both with vitamin A) and biofortified pearl millet with iron [29].
In Ghana, orange sweet potatoes and maize, both biofortified with Vitamin A, are already
available, while biofortified cassava and pearl millet are still under evaluation.

Regarding supplementation in both countries, the Iron-Folic Acid (IFA) program
provides iron and folic acid supplementation during prenatal consultation. In Ghana, the
IFA supplementation program is also addressed to women with a child aged between 1
and 5 months.
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Table 2. Mandatory micronutrient interventions for women in Benin and Ghana.

Benin Ghana

Description Start Year Description Start Year

Iodation of salt with 15 ppm of

Iodation of salt with 3040 mg potassium or calcium or sodium

Salt iodation potassium iodate/kg salt 2009 iodate per kg salt at 1996
household level
Vegetable oil: . . . .
g vitamin A retinol palmitate 50 Ul/g 2012 10 mg retinol palmitate /kg 2006
E )
‘:é Wheat Flour with ferrous Cyaimoc.o balamin, 0.01 mg/kg;
8 fumarate (60 g/t); zinc oxide thfC ?rcllcl’ f'oig%/;g’ /flfr(?us
- Wheat flour: iron, (55 g/t); thiamine (2.79 g/t); juma a'il, 5’9 00 & /i’ .
folic acid, zinc and riboflavin (2.79 g/t); Niacin 2012 Ribggac\l/rilr?ring,m ’ /k I?tghiatiine 2010
B vitamins (36.18 g/t); pyridoxin: L /%8 -
(3.13 g/1); cobalamin mononitrate, 8.40 mg/kg; retinyl
0.02 g / t)g follic acid (2.6 /1) palmitate, 2.00 mg/kg; zinc oxide,
’ ’ ’ 28.30 mg/kg
Orange sweet _ Crop released-Variety Cri-Bohye 2009
g potatoes: vitamin A with 38-72 ppm beta-carotene
s Crop-released variety CSIR-CRI
g Maize: vitamin A Crop being evaluated 2017 Honampa with at least 6 ppm 2012
8 pro-vitA
S
=3 Cassava: vitamin A Crop being evaluated 2017 Crop being evaluated 2016
Pearl millet: iron Crop being evaluated 2017 Crop being evaluated 2017
g Iron and folic acid IFA program: 60 mg iron and TEA program: 60 mg tron and 400
2 . L . ug folic acid during prenatal
= supplementation for 400 pg folic acid during 2006 consultations and women with a 2006
g pregnant women prenatal consultations child between 1 and 5 months
% Vitamin A Vitamin A supplementation
53 supplementation - post-partum: one dose of
59)

post-partum

200,000 UI

3.2. Micronutrient Total Intakes
3.2.1. Non-Pregnant, Non-Lactating Women

Table 3 summarizes the daily amount of micronutrients consumed from different
dietary sources and the corresponding percentage of the recommended daily allowance
(RNI), estimated average requirements (EAR) and upper limits (UL) covered in both urban
(U) and rural (R) areas. Zinc was the only micronutrient for which the RNI was achieved
through basal diet, and only for the urban scenario in Benin. Consumption of fortified
food significantly improved the coverage of micronutrient needs, except for iron. In urban
settings, the RNI of all micronutrients targeted by fortification—except iron—were reached
in Benin, whereas, in Ghana, due to a lower amounts of wheat flour consumed, only EAR
was reached for niacin, folate and iodine, and RNI was reached for vitamin A and zinc. In
rural Benin, the lack of consumption of wheat flour impaired the coverage of micronutrient
needs, and RNI was only reached for zinc, vitamin A and iodine. In rural Ghana, RNI for
zinc was exceeded, and RNI for vitamin A and niacin was almost reached.

In Ghana, the consumption of vitamin A-biofortified products allowed for the reaching
of the RNI for vitamin A. Furthermore, its combination with mandatory fortification
programs resulted in a higher coverage of RNI, notably in rural settings.

In addition to fortification programs, the inclusion of grilled tilapia and mangoes
in diets did not significantly change the coverage of RNI in Benin. In Ghana, it helped
women reach the RNI for niacin and the EAR for folates in urban settings. In Benin, the
replacement of vegetable oil with red palm oil in basic diets induced an excess intake of
vitamin A that reached two times the UL. In Ghana, this replacement allowed participants
to attain the RNI without reaching the UL.
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3.2.2. Pregnant and Lactating Women

Pregnant and lactating women have higher micronutrient needs than non-pregnant
and non-lactating women (Supplementary Table S1). The basal diet only covered the RNI
for zinc in urban settings in Benin, and only covered the vitamin A RNI in rural settings in
both countries (Table 4). Considering other micronutrients, even EARs were not reached. In
the scenarios drawn for Benin, the consumption of fortified products allowed participants
to meet the EAR for niacin and the RNI for all the other micronutrients, except iron, in the
urban setting. In the scenarios in Ghana, the lower consumption of wheat flour meant that
the EARs for iron, niacin and folate were not met. In rural settings, only vitamin A RNI
was reached in Benin and Ghana, and iodine RNI was only met in Benin.

The combination of basal diet with both mandatory fortification and supplementation
resulted in most of the target population attaining the RNI for iron, zinc, vitamin A and
folate in Ghanaian urban settings. In urban Benin, the RNI for these micronutrients, as well
as iodine, was reached. In rural areas in Benin, the RNIs were not reached for zinc, niacin
and folate; similarly, the RNI for iodine were not attained in Ghana. For areas in urban
Benin exposed to a combination of interventions, intakes of folate and iron exceeded the
UL. A similar scenario was observed in Ghana, where the addition of high-dose vitamin A
supplementation, which was administered within the 2 months after delivery, resulted in
exceeding the UL for vitamin A; this dose was 20 times higher than the UL.

In rural Benin, the intake of MN-rich foods in the form of fortified biscuits and fruits
resulted in the coverage of all RNIs for all the major micronutrients, with the exception of
zinc. Furthermore, ULs were attained in Benin for iron, niacin and folate, and in Ghana
for iron, vitamin A (urban setting), niacin and folate. An intake of 40 g of fortified biscuits
provided the RNI for iron and vitamin A, and the UL threshold for niacin, and exceeded
UL for folate considering that 40 g of biscuit contains 1321.80 pug of folate while the UL is
only of 1000 pug. When all interventions were combined with red palm oil consumption
instead of fortified oil, the same coverage of needs was attained, but RNI and UL were
reached for vitamin A in both Benin and Ghana.
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Table 3. Micronutrient intakes from diet and interventions and coverage of recommendations for non-pregnant, non-lactating women in Benin and Ghana in urban (U) and rural (R)
settings. Shaded cells indicate when recommendations or limits are reached.

Non-Pregnant Women (Benin) Non-Pregnant Women (Ghana)
Fe (mg) Zn (mg) Yit’ A Niacin (mg) Folate (ug) Iodine (ug) Fe (mg) Zn (mg) Vit. A Niacin (mg) Folate (ug) Todine (ug)
ng RE) (ug RE)

U R U R §) R 8] R U R 1) R U R U R U R U R U R U R

14.2 5.0 8.0 25 285 146 9.9 3,9 372 134 0.8 0 10.3 5.8 5.7 3.6 249 62 9.4 9.1 188 91 0.3 0

Diet % EAR * 48 17 196 61 80 41 90 35 116 42 1 0 35 20 139 87 70 17 85 83 59 28 0 0

% RNI * 24 9 164 51 57 29 70 28 93 33 1 0 18 10 116 73 50 12 67 65 47 23 0 0

% UL * 32 11 18 6 10 5 28 11 37 13 0 0 23 13 13 8 8 2 27 26 19 9 0 0

213 5.0 14.5 25 1934 804 14.1 3.9 687 134 281 3542 139 9.6 7.4 5.4 695 441 13.0 12.9 317 225 107 41

Diet + Mandatory % EAR 72 17 354 61 542 225 128 35 215 42 263 331 47 33 181 132 195 124 118 117 99 70 100 38
fortification % RNI 36 9 296 51 387 161 101 28 172 33 187 236 24 16 151 110 139 88 93 92 79 56 71 27

% UL 47 11 32 6 64 27 40 11 69 13 26 32 31 21 16 12 23 15 37 37 32 23 10 4

13.3 21.1 73 12.4 938 781 10.9 31.2 304 392 107 41

Diet+ fortification+ 45 72 178 302 263 219 99 284 95 122 100 38
Biofortification 23 36 149 252 188 156 78 223 76 98 71 27

29 47 16 27 31 26 31 89 30 39 10 4

237 72 15.7 3.5 2144 1015 17.5 7.1 733 177 281 3542 155 11.5 8.3 6.2 2678 735 14.1 16.1 347 258 107 41

All + MN *** rich food % EAR 81 24 383 85 600 284 159 65 229 55 263 331 53 39 202 151 750 206 128 146 109 81 100 38
except red palm oil % RNI 40 12 321 71 429 203 125 51 183 44 187 236 26 20 169 126 536 147 101 115 87 65 71 27

% UL 53 16 35 8 71 34 50 20 73 18 26 32 34 26 18 14 89 24 40 46 35 26 10 4

237 73 15.5 3.5 6777 2866 17.4 7.1 730 1774 281 354 15.4 11.6 8.3 6.1 1148 2278 141 10.2 347 254 107 41

All+ fortification except % EAR 80 25 378 85 1898 803 158 65 228 55 263 331 52 39 202 149 322 638 128 92 109 79 100 38
oil fortification % RNI 40 12 316 71 1355 573 124 51 183 44 187 236 26 20 169 125 230 456 101 73 87 63 71 27
% UL 53 16 34 8 226 96 50 20 73 18 26 32 34 26 18 14 38 76 40 29 35 25 10 234

* % of the EAR, RNI or UL covered by the diet and interventions. EAR: estimated average requirements; RNI: recommended nutrient intakes; UL: upper limits; ** Vit A: vitamin A; *** MN: micronutrients.
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Table 4. Micronutrient intakes from diet and interventions and coverage of recommendations for pregnant or lactating women in Benin and Ghana in urban (U) and rural (R) settings.

Shaded cells indicate when recommendations or limits are reached.

Pregnant or Lactating Women (Benin)

Pregnant or Lactating Women (Ghana)

Fe (mg) Zn (mg) Yit' A Niacin (mg) Folate (ug) Iodine (ug) Fe (ng) Zn (mg) Vit. A Niacin (mg) Folate (ug) Todine (ug)
ng RE) (ug RE)
U R U R U R U R U R U R U R U R U R U R U R U R
149 151 84 54 334 1036 99 59 416 150 208 47 7.1 2 5.2 6 324 1663 5.1 34 176 71 571 95
Diet % EAR * 37 38 145 93 58 181 70 42 87 31 15 3 18 54 89 111 57 291 36 24 37 15 40 24
% RNI 50 50 120 77 42 129 55 33 69 25 10 2 24 72 74 92 41 208 28 19 29 12 29 17
% UL 33 34 0 0 1 35 28 17 42 15 1 0 16 48 0 0 11 55 14 10 18 7 2 1
227 151 155 54 1544 2023 145 59 749 150 301 5682 109 215 7.0 6.4 725 1663 88 34 310 71 1033 346
% EAR 57 38 267 93 270 354 104 42 156 31 210 397 27 54 121 111 127 291 63 24 64 15 72 24
Diet + fortification
% RNI 76 50 221 77 193 253 81 33 125 25 150 284 36 72 100 92 91 208 49 19 52 12 52 17
% UL 50 34 0 0 51 67 42 17 75 15 12 22 24 48 0 0 24 55 25 10 31 7 4 1
826 751 155 54 1544 2023 145 59 1149 550 301 5682 709 815 7.0 64 60,785 61,723 88 34 710 471 1033 346
Diet+ fortification+ % EAR 207 188 267 93 270 354 104 42 239 115 210 397 177 204 121 111 10,645 10,810 63 24 148 98 72 24
supplementation § % RNI 275 250 221 77 193 253 81 33 192 92 150 284 236 272 100 92 7598 7715 49 19 118 78 52 17
% UL 184 167 0 0 51 67 42 17 115 55 12 22 157 181 0 0 2026 2057 25 10 71 47 4 1
709 817 71 6.6 913 1445 9.1 3.6 310 442 1033 440
Diet + fortification + IFA % EAR 177 204 123 113 160 253 65 26 64 922 72 31
sup + biofortification % RNI 236 272 102 94 114 181 51 20 52 74 52 22
% UL 157 182 0 0 30 48 26 10 31 44 4 2
2213 2138 215 114 2433 2913 499 413 2511 1912 301 5680 210 220 13 13 1803 2335 45 39 2071 1804 1033  44.0
All + MN *** rich food % EAR 553 535 370 197 426 510 356 295 523 398 210 397 524 551 226 217 316 409 318 278 432 376 72 31
except red palm oil and o
VAS % RNT 738 713 19 163 304 364 277 229 418 319 150 284 699 735 188 179 225 292 247 217 345 301 52 22
% UL 492 475 10 0 81 97 143 118 251 191 12 22 466 490 0 0 60 78 127 111 207 180 4 2
222 2138 215 114 6571 4881 499 413 2511 1912 3009 5680 210 220 14 13 3183 2335 45 39 2078 1804 1033  44.0
All+ fortification except % EAR 554 535 370 197 1151 855 356 295 523 398 210 397 526 551 233 217 557 409 322 278 433 376 72 31
oil fortification and VAS % RNI 738 713 307 163 821 610 277 229 418 319 150 284 701 735 193 179 398 292 251 217 346 301 52 22
% UL 492 475 1 0 219 163 143 118 251 191 12 22 467 490 0 0 106 78 129 111 208 180 4 2

* EAR: estimated average requirements; RNI: recommended nutrient intakes; UL: upper limits; ** Vit A: vitamin A; ** MN: micronutrients; $ high-dose vitamin A supplementation post-partum for lactating

women only.
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4. Discussion

The present analysis of micronutrient intakes from common basic diets of women
in two West African countries shows that strategies to increase micronutrient intake are
urgently needed, as basic diets fail to reach the RNIs, or even the EARs, for most micronu-
trients. Indeed, combining different interventions aimed at improving micronutrient status
would allow the RNI for pregnant or lactating women to be reached, albeit with some
risks for excess micronutrient intake. Due to a different set of interventions, RNIs were
only met for some micronutrients for non-pregnant, non-lactating women of reproductive
age. Moreover, gaps in micronutrient coverage were higher in rural areas, as access to
affordable, diverse foods and, notably, voluntary fortified food products, is much lower in
rural settings in Benin and Ghana.

4.1. Role of Fortification in Coverage and Excess Intakes

Our analysis shows the essential role of food fortification in ensuring that WRA in
both countries reach the RINIs for the micronutrients assessed, but it also stressed the need
for adequate education and sensitization on fortification levels to ensure that consumption
does not exceed UL.

In contrast to Benin, the combination of lower salt consumption and lower fortification
level with iodine in Ghana resulted in insufficient intakes of iodine. Our simulations
of micronutrient intakes were based on the hypothesis that products were adequately
fortified. The 2017-2018 Demographic and Health Survey (DHS) in Benin found that 89.6%
of households used iodized salt without measuring the level of enrichment [30]. However,
in Ghana, while 65.5% of household had iodized salt, only 38.5% had salt with 15 ppm of
iodine or more, according to the 2014 DHS [31], suggesting that iodine intakes are even
lower in Ghana than our models show. Indeed, the 2015 national Iodine Survey found that
WRA had a normal median urinary iodine concentration of 201.6 pug/L [32]. A recent study
in children from Northern Ghana has also shown that bouillon cube containing iodized
salt provided more than two-thirds of dietary iodine, stressing the importance of fortified
food to the contribution of iodine intakes [33].

The fortification of oil with vitamin A also contributed significantly to women’s
vitamin A needs. The higher level of consumption of fortified oil in Benin resulted in a
higher contribution of fortified oil to daily vitamin A intake compared to Ghana. The
low level of oil consumption in Ghana is in accordance with results of the 2017 National
Micronutrient survey [2] that showed that, overall, 26% of households did not use fortified
oil, with up to 83% of households in the Upper Western region not using vitamin A-
fortified oil. In addition, only 56% of oil was adequately fortified, with great variations
again apparent among regions [2]. These constraints (low usage, inadequate fortification
level as well as the need for advocacy around oil consumption) are likely to impair the
impact of the vitamin A oil fortification program in Ghana.

In contrast to salt and oil, the fortification of wheat flour with multi-micronutrients
did not significantly contribute to micronutrient intakes due to the low level of wheat
flour consumption in both countries; consumption of other cereals is preferred to wheat.
In Benin, maize and rice are generally consumed more than wheat [11]. In Ghana, in a
cross-sectional survey in urban area, bread made from wheat was found to be consumed
daily by 62% of the population surveyed compared to maize, which was consumed daily
by 96.8% of the respondents. These findings are in accordance with results of a recent study
on the contribution of fortified food to the coverage of micronutrient needs in four African
countries that shows that fortified foods are major contributor to vitamin A and iodine
coverage, and poor contributors to iron coverage [22]. More popular food vehicles, such as
maize or cassava flours, or popular condiments should be considered for fortification to
achieve a higher coverage of micronutrients other than vitamin A and iodine.

Finally, to avoid exceeding the UL, voluntary fortification of products requires proper
adequate political will, effective legislature and continuous regulation to ensure optimal
coverage and increased effectiveness. For example, the brand of fortified biscuits chosen
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for the present study contained levels of niacin, folate and iron that were close to or over
the UL set by the IoM, at least when the biscuits were used according to their instructions.
The consumption of one portion (40 g) of biscuits, combined with the other interventions
in place in the countries, resulted in iron and folate intakes >4 and >2 times the UL, respec-
tively. However, the fortified biscuits were the only intervention that allowed the coverage
iron needs of WRA, as neither the basic diet nor the mandatory fortification fulfilled daily
iron requirements. Thus, while voluntary-fortified food could greatly contribute to the
coverage of the needs of several micronutrients, clear legislation and guidelines should be
put in place to limit the risk of overconsumption.

4.2. Biofortification

In Ghana, vitamin A-biofortified orange sweet potatoes and maize are already avail-
able while, in Benin, biofortified products are still being tested. In our scenarios, biofor-
tified products made a significant contribution to the coverage of vitamin A needs, but
this method would not be sufficient as a stand-alone to cover the overall micronutrient
needs of WRA. To increase the contribution of biofortified products, efforts are needed to
increase the acceptability of these products by consumers and producers, an issue raised by
several studies regarding the marketing of biofortified foods [34,35]; that said, acceptability
appears to be sufficient in some settings [36].

4.3. Supplementation

Supplementation programs for women are mainly focused on three micronutrients
for pregnant or post-partum women: combined iron-folic acid supplementation (IFA) and
high-dose vitamin A.

In the context of low amounts of iron and folate in the basic diet, and the low con-
sumption of multi-micronutrient-fortified wheat flour, IFA supplementation is a major
contributor to the coverage of iron and folate needs. Considering that the UL fixed by
IoM is 45 mg of iron, the iron dose in standard IFA tablets (60 mg) exceeds the UL as
a standalone intervention. Moreover, IFA supplements have been used by millions of
pregnant women without recorded major side-effects. The UL for folate was not reached
with the sole combination of fortification, biofortification or supplementation, but it was
exceeded by the consumption of voluntary-fortified biscuits. Of note, in Benin and Ghana,
as in many other countries, IFA supplementation targets pregnant or lactating women,
and it is usually delivered through antenatal care visits. Non-pregnant, non-lactating
women of reproductive age are not targeted by these programs. This study shows that
several micronutrients are still deficient in the diet of women of reproductive age, even
when they consume fortified and biofortified foods, especially for women living in rural
areas. The consumption of locally available micronutrient rich foods could help to increase
micronutrient intake, but their intake was not sufficient to cover the needs in our scenarios.
Ensuring a good nutritional status prior to conception should be a public health necessity,
and more nutrition programs should target adolescent girls outside the pregnancy and
lactating periods.

The doses of vitamin A administered post-partum are far beyond the UL of 3000 pg
RAE/day, as defined by the WHO, IoM or the European Food Safety Authority for pre-
formed vitamin A forms (retinyl ester and retinol) [5,6,28]. Post-partum vitamin A sup-
plementation was shown to have no beneficial impact on maternal mortality and mor-
bidity [37], nor to improve the vitamin A status of a newborn at 6 months of age; in a
systematic review and meta-analysis of seven trials, no evidence for a mortality or mor-
bidity benefit was observed in infants [38]. Additionally, in Ghana, low-dose vitamin A
supplementation administered weekly was found to be of no benefit in reducing mortality
in women of childbearing age [39]. The WHO retracted this recommendation 10 years
ago [40,41] yet, in many low- and middle-income countries, this program is still being
implemented. In Ghana, according to the last DHS in 2014, 68% of women aged 15-49 with
a child born in the past 5 years received a vitamin A dose post-partum [31]. Nevertheless,
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in the 2017 micronutrient survey, this proportion had greatly decreased, with “only” 23%
reporting to have had post-partum vitamin A supplementation, which is still a considerable
number for a non-recommended intervention [2]. Thus, considering the potential toxicity
of high-dose vitamin A and the lack of efficacy of post-partum VAS, the implementation of
this intervention is questionable, especially in a context in which alternative interventions
already exist, as described in this study.

4.4. Micronutrients at Risk for Overconsumption versus Deficiency

Evaluation of risk of excess is challenging for several reasons. Firstly, ULs were
defined for populations without deficiencies; whether they adapted to micronutrient-
deficient populations is questionable, and highlights the need to consider the balance
between the risk of deficiency and the risk of excess. Secondly, micronutrient toxicity is
based on usual or chronic intakes rather than punctual high doses, as received in some
supplementation interventions, such as high-dose vitamin A supplements. Below, we
discuss the risk of micronutrient overconsumption in our scenarios for iron, vitamin A,
niacin and folate.

Due to its crucial role in health and survival, vitamin A has been the subject of many
interventions globally. In Ghana, during pregnancy or the lactation period, a woman could
be offered two mandatory programs of fortification with vitamin A and two programs
with vitamin A biofortification. Moreover, during the immediate post-partum period, she
could receive a high-dose vitamin A supplement. In addition, she could consume different
voluntary-fortified products. However, the combination and overlap of fortification, biofor-
tification and MN-rich food does not result in a risk of overconsumption in the scenarios
designed for Ghana, except when red palm oil was consumed regularly, contributing to
106% of the UL. In Benin, oil is currently the only food fortified with vitamin A, and no risk
of overload was found in the scenarios. The replacement of vegetable o0il with red palm
oil created high amounts of carotenoids that largely exceeded the UL for vitamin A (two
times the UL). However, the UL for vitamin A only includes preformed forms, such as
those used for fortification or supplementation, whereas carotenoids, as found in red palm
oil, are not reported to be toxic because of the downregulation of cleavage enzymes during
high preformed VA intakes [42,43]. However, a recent study in gerbil models suggested
that carotenoids could exacerbate the vitamin A toxicity of preformed vitamin A when
consumed regularly [44]. This recent finding raises the need to better understand the role
of the different forms of pro-vitamin A carotenoids in vitamin A toxicity, as well as the
need to better manage the combination of interventions to ensure safety for beneficiaries.

Nevertheless, red palm oil is traditionally consumed in both urban and rural areas,
while its consumption has decreased due to the availability of refined palm oil. Thus, its
use for the substitution of only a part of refined oil could be relevant to ensure coverage of
vitamin A without the risks of overconsumption or toxicity.

In the scenarios presented here, ULs were also exceeded for iron, niacin and folate for
the scenarios entailing pregnant or lactating women; this was due to the introduction of
a voluntary fortified biscuit into the diet. Indeed, the consumption of only one portion
per day provides UL levels of iron, niacin and folate. For folate and iron, the ULs were
already exceeded with the addition of iron and folic acid supplementation to the basic
diet in the Benin urban setting. Consumption of high doses of iron was shown to induce
gastrointestinal side effects [45], but the relationship between iron intake and the risk
for infectious diseases (e.g., malaria [46] and tuberculosis [47,48]), cardiovascular disease
or cancer is less clear [49]. While there is no evidence of toxicity of natural folate in
food, folic acid from supplementation or fortification could hamper the diagnosis of
pernicious anemia [50]. The risk for niacin overconsumption mainly lies in hepatotoxicity
and dermatologic manifestations [5]. Of note, in the absence of the consumption of this
biscuit, RNI was not reached for niacin in Benin and Ghana.

Finally, iron was the micronutrient for which the coverage of the needs of non-pregnant
women was the most difficult to reach in the different scenarios of this study. Outside
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supplementation programs, and in the absence of the consumption of voluntary-fortified
foods, a high risk for iron deficiency was present in all the scenarios. While, in some cases,
the UL set by IOM for iron was reached, it is important to keep in mind that this UL is
based on the observation of gastrointestinal side effects of acute high doses, and that the
WHO has not set a UL for iron. Thus, more studies are needed to better define the UL for
iron, particularly in populations with diets with low iron bioavailability and in the LMICs
context, as well as when taking into account the potential impact of iron on intestinal
microbiota [51]. Finally, this study also highlights that more actions are needed to better
cover the iron needs of women of reproductive age, particularly during the non-pregnancy
period, to better ensure adequate iron status.

4.5. Strenghts and Limits of the Results

The strength of this study was the use of scenarios based on interventions currently
implemented in countries and food menus built on both expert knowledge and food
consumption surveys, thus giving us the most credible estimation of the contribution of
each intervention to the coverage of women’s needs. A limitation of this study was its
consideration of only the main potential scenarios when different food consumption habits
might be based on access and availability.

5. Conclusions

The scenarios designed in this study were based on daily intakes of micronutrients,
with the hypothesis that individuals effectively received interventions targeted for the
population they belonged to. Thus, our simulations show different scenarios of how inter-
ventions could be combined to improve efficiency in improving the micronutrient status
of WRA while avoiding the risk of overconsumption. Fortification programs appear to
be most important for ensuring the coverage of micronutrient needs because very few
micronutrient needs were covered by the diets themselves. Coordination of the implemen-
tation of nutritional programs, including fortification, biofortification, supplementation
and the promotion of nutrient-rich food associated with a strict control of the quality of
fortified food, is warranted to reduce the high prevalence of micronutrient deficiency in
both countries while limiting the risk of overconsumption. This study also reiterates the
necessity of screening the needs of populations before the implementation of interven-
tions, as well as the regular evaluation of the impact of these interventions on individuals’
nutritional status.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/nu13072286/s1, Table S1: (a) Scenarios of basic diet for Benin, (b) Scenarios of basic diet for
Ghana, Table S2: Estimated average requirements (EAR), recommended nutrients intakes (RNI) and
tolerable upper limits (UL) set by WHO for micronutrients.

Author Contributions: Conceptualization, V.G. and EW.; methodology, M.D., V.G, ].B. and EW.;
formal analysis, M.D., V.G,, ].B. and EW.; investigation, M.D., N.E-F, EN., J H,, JN. and C.T,;
writing—original draft preparation, V.G.; writing—review and editing, M.D., V.G., ].B., EW,, N.F.-E,
EN., J.H, J.N. and C.T.; project administration, V.G. and EW.; funding acquisition, EW. and V.G. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by European Commission under their Food Fortification Advi-
sory Services (2FAS).

Conflicts of Interest: The authors declare no conflict of interest.

1.  Global Nutrition Report. Nutrition Country Profile: Western Africa. Available online: https://globalnutritionreport.org/
resources/nutrition-profiles/africa/western-africa/ (accessed on 20 May 2021).
2. UNICEE Ghana Micronutrient Survey 2017; UNICEF: Accra, Ghana, 2017.


https://www.mdpi.com/article/10.3390/nu13072286/s1
https://www.mdpi.com/article/10.3390/nu13072286/s1
https://globalnutritionreport.org/resources/nutrition-profiles/africa/western-africa/
https://globalnutritionreport.org/resources/nutrition-profiles/africa/western-africa/

Nutrients 2021, 13, 2286 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Alaofe, H.; Burney, J.; Naylor, R.; Taren, D. Prevalence of anaemia, deficiencies of iron and vitamin A and their determinants
in rural women and young children: A cross-sectional study in Kalalé district of northern Benin. Public Health Nutr. 2017, 20,
1203-1213. [CrossRef]

Pike, V.; Zlotkin, S. Excess micronutrient intake: Defining toxic effects and upper limits in vulnerable populations. Ann. N. Y.
Acad. Sci. 2019, 1446, 21-43. [CrossRef]

FAO; WHO. Vitamin and Mineral Requirements in Human Nutrition. Report of a Joint FAO/WHO Expert Consultation on Human
Vitamin and Mineral Requirements, 2nd ed.; FAO/WHO: Bangkok, Thailand, 2004.

Scientific Committee on Food. Scientific Panel of Dietatietic Product, Nutrition and Allergies. Tolerable Upper Intakes Levels for Vitamins
and Minerals; Scientific Committee on Food: Brussels, Belgium, 2006.

Institute of Medicine (US) Subcommittee on Interpretation and Uses of Dietary Reference Intakes; Standing Committee on the
Scientific Evaluation of Dietary Reference Intakes. Using the tolerable upper intake level for nutrient assessment of groups. In
Dietary Reference Intakes: Applications in Dietary Assessment; National Academies Press: Washington, DC, USA, 2000. Available
online: https://www.ncbi.nlm.nih.gov/books/NBK222879/ (accessed on 16 May 2021).

Baye, K. Maximising benefits and minimising adverse effects of micronutrient interventions in low- and middle-income countries.
Proc. Nutr. Soc. 2019, 78, 540-546. [CrossRef]

Garcia-Casal, M.N.; Mowson, R.; Rogers, L.; Grajeda, R.; Groups, C.W. Risk of excessive intake of vitamins and minerals delivered
through public health interventions: Objectives, results, conclusions of the meeting, and the way forward. Ann. N. Y. Acad. Sci.
2019, 1446, 5-20. [CrossRef]

Lietz, G. Overlapping Vitamin A Intervention Programs: Should We Be Concerned with Excessive Intakes? J. Nutr. 2020, 150,
2849-2851. [CrossRef]

Levesque, S.; Delisle, H.; Agueh, V. Contribution to the development of a food guide in Benin: Linear programming for the
optimization of local diets. Public Health Nutr. 2014, 18, 622-631. [CrossRef]

Ministere de la Prospective, du Développement de L'évaluation des Politiques Publiques et dela Coordination de L'action
Gouvernementale; Centre de Partenariat et D’expertise pour le Développement Durable. Etude sur les Normes de Consommation des
Principaux Produits Vivriers et de L'ameélioration des Conditions de Vie au Bénin; CePED: Paris, France, 2010.

Nti, C.A. Household dietary practices and family nutritional status in rural Ghana. Nutr. Res. Pract. 2008, 2, 35-40. [CrossRef]
Nti, C.A.; Larweh, PM.; Gyemfua-Yeboah, Y. Food consumption patterns, dietary quality and health status of expectant mothers:
Case studies in suburban and rural communities in Ghana. Int. J. Consum. Stud. 2002, 26, 7-14. [CrossRef]

Galbete, C.; Nicolaou, M.; Meeks, K.; Aikins, A.D.-G.; Addo, J.; Amoah, S.K.; Smeeth, L.; Owusu-Dabo, E.; Klipstein-Grobusch,
K.; Bahendeka, S.; et al. Food consumption, nutrient intake, and dietary patterns in Ghanaian migrants in Europe and their
compatriots in Ghana. Food Nutr. Res. 2017, 61, 1341809. [CrossRef]

Thaker, A.; Barton, A. Multicultural Handbook of Food, Nutrition and Dietetics; Wiley-Blackwell: Oxford, UK, 2012.

The Food Africa Project. Available online: https://www.luke.fi/foodafrica/ (accessed on 14 October 2020).

Greffeuille, V.; Mouquet-Rivier, C.; Icard Verniére, C.; Laurencia, O.; Hounhouigan, D.; Amoussa Hounkpatin, W.; Kayodé, P.;
Hama-Ba, F. Traditional Recipes of Millet, Sorghum, and Maize-Based Dishes and Related Sauces Frequently Consumed by Young Children
in Burkina Faso and Benin; Wageningen University Publisher: Wageningen, The Netherlands, 2010; p. 142.

Gamor, G.; Akoto-Danso, E.K.; Karg, H.; Chagomoka, T. Traditional Recipes from the Northern Region of Ghana; Publication No.
15-794; AVRDC-The World Vegetable Center: Tainan, Taiwan, 2015.

Ofori-Boadu, A.; Godfrey-Decosas, D. The Dawn of Cooking—Ghana Handbook; Peace Corps: Washington, DC, USA, 1995.
Conseil National de laNutrition au Bénin. Guide Alimentaire du Bénin; Conseil National de la Nutrition au Bénin: Cotonou, Benin,
2015.

Friesen, V.M.; Mbuya, M.N.N.; Aaron, G.J.; Pachén, H.; Adegoke, O.; Noor, R.A.; Swart, R.; Kaaya, A.; Wieringa, ET.; Neufeld,
L.M. Fortified Foods Are Major Contributors to Apparent Intakes of Vitamin A and Iodine, but Not Iron, in Diets of Women of
Reproductive Age in 4 African Countries. J. Nutr. 2020, 150, 2183-2190. [CrossRef]

FAO. West African Food Composition Table; FAO: Rome, Italy, 2012.

FAO; INFOODS. Food Composition Table for Western Africa; FAO: Rome, Italy, 2019.

Agence Nationale de Sécurité Sanitaire de L'alimentation, de L'environnement et du Travail (ANSES). Table de Composition des
Aliments Ciqual; ANSES: Maison Alfort, France, 2020.

Harvest Plus. Biofortification Progress Briefs; Harvest Plus: Washington, DC, USA, 2014.

Tumwegamire, S.; Mwanga, R.O.M.; Andrade, M.I; Low, ] W.; Ssemakula, G.N.; Laurie, S.M.; Chipungu, EP; Ndirigue, J.; Agili,
S.; Karanja, L.; et al. Orange-Fleshed Sweetpotato for Africa, 2nd ed.; Catalogue 2014; International Potato Center: Lima, Peru, 2014;
74p.

Institute of Medicine. Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, Manganese,
Molybdenum, Nickel, Silicon, Vanadium, and Zinc; The National Academies Press: Washington, DC, USA, 2001.

Harvest Plus. Biofortified Crops Map. Available online: https://www.harvestplus.org/content/biofortified-crop-map-what-
available-where (accessed on 13 March 2021).

Institut National de la Statistique et de I’Analyse Economique (INSAE). ICF International. Enquéte Démographique et de Santé au
Bénin 2017-2018; Indicateurs clefs; INSAE: Cotonou, Benin; ICF: Rockville, MD, USA, 2019.


http://doi.org/10.1017/S1368980016003608
http://doi.org/10.1111/nyas.13993
https://www.ncbi.nlm.nih.gov/books/NBK222879/
http://doi.org/10.1017/S0029665119000557
http://doi.org/10.1111/nyas.13975
http://doi.org/10.1093/jn/nxaa288
http://doi.org/10.1017/S1368980014000706
http://doi.org/10.4162/nrp.2008.2.1.35
http://doi.org/10.1046/j.1470-6431.2002.00211.x
http://doi.org/10.1080/16546628.2017.1341809
https://www.luke.fi/foodafrica/
http://doi.org/10.1093/jn/nxaa167
https://www.harvestplus.org/content/biofortified-crop-map-what-available-where
https://www.harvestplus.org/content/biofortified-crop-map-what-available-where

Nutrients 2021, 13, 2286 14 of 14

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Ghana Statistical Service (GSS); Ghana Health Services (GHS); ICF International. Ghana Demographic and Health Survey 2014;
GSS/GHS/ICF International: Rockville, MD, USA, 2015.

Ghana Health Services (GHS); UNICEF; GAIN. Ghana National Iodine Survey. 2015. Available online: https://www.
ghanahealthservice.org/downloads/Iodine_Survey_Report.pdf (accessed on 13 March 2021).

Abizari, A.-R.; Dold, S.; Kupka, R.; Zimmermann, M.B. More than two-thirds of dietary iodine in children in northern Ghana is
obtained from bouillon cubes containing iodized salt. Public Health Nutr. 2016, 20, 1107-1113. [CrossRef] [PubMed]

Stevens, R.; Winter-Nelson, A. Consumer acceptance of provitamin A-biofortified maize in Maputo, Mozambique. Food Policy
2008, 33, 341-351. [CrossRef]

Birol, E.; Meenakshi, ].V.; Oparinde, A.; Perez, S.; Tomlins, K. Developing country consumers’ acceptance of biofortified foods: A
synthesis. Food Secur. 2015, 7, 555-568. [CrossRef]

Talsma, E.F.; Melse-Boonstra, A.; Brouwer, I. Acceptance and adoption of biofortified crops in low- and middle-income countries:
A systematic review. Nutr. Rev. 2017, 75, 798-829. [CrossRef]

Oliveira-Menegozzo, ]. M.; Bergamaschi, D.P.; Middleton, P.; East, C.E.; Oliveira-Menegozzo, ]. M. Vitamin A supplementation for
postpartum women. Cochrane Database Syst. Rev. 2010, CD005944. [CrossRef]

Gogia, S.; Sachdev, H.S. Maternal postpartum vitamin A supplementation for the prevention of mortality and morbidity in
infancy: A systematic review of randomized controlled trials. Int. |. Epidemiol. 2010, 39, 1217-1226. [CrossRef]

Hurt, L.; Asbroek, A.T.; Amenga-Etego, S.; Zandoh, C.; Danso, S.; Edmond, K.; Hurt, C.; Tawiah, C.; Hill, Z; Fenty, J.; et al. Effect
of vitamin A supplementation on cause-specific mortality in women of reproductive age in Ghana: A secondary analysis from
the ObaapaVitA trial. Bull. World Health Organ. 2012, 91, 19-27. [CrossRef]

WHO. Vitamin A Supplementation in Postpartum Women. Available online: https://www.who.int/elena/titles/guidance_
summaries/vitamina_postpartum/en/ (accessed on 12 March 2020).

McGuire, S. WHO Guideline: Vitamin A Supplementation in Pregnant Women. Geneva: WHO, 2011; WHO Guideline: Vitamin
A Supplementation in Postpartum Women. Geneva: WHO, 2011. Adv. Nutr. 2012, 3, 215-216. [CrossRef]

Tanumihardjo, S.A.; Kaliwile, C.; Boy, E.; Dhansay, M.A.; van Stuijvenberg, M.E. Overlapping vitamin A interventions in the
United States, Guatemala, Zambia, and South Africa: Case studies. Ann. N. Y. Acad. Sci. 2019, 1446, 102-116. [CrossRef]

Von Lintig, J. Provitamin A metabolism and functions in mammalian biology. Am. J. Clin. Nutr. 2012, 96, 12345-1244S. [CrossRef]
Sowa, M.; Mourao, L.; Sheftel, J.; Kaeppler, M.; Simons, G.; Grahn, M.; Davis, C.R.; Von Lintig, J.; Simon, PW.; Pixley, K.V.; et al.
Overlapping Vitamin A Interventions with Provitamin A Carotenoids and Preformed Vitamin A Cause Excessive Liver Retinol
Stores in Male Mongolian Gerbils. J. Nutr. 2020, 150, 2912-2923. [CrossRef]

Bloor, S.; Schutte, R.; Hobson, A. Oral Iron Supplementation—Gastrointestinal Side Effects and the Impact on the Gut Microbiota.
Microbiol. Res. 2021, 12, 491-502. [CrossRef]

Prentice, A.M.; Ghattas, H.; Doherty, C.; Cox, S.E. Iron Metabolism and Malaria. Food Nutr. Bull. 2007, 28, S524-S539. [CrossRef]
Isanaka, S.; Aboud, S.; Mugusi, E; Bosch, R.J.; Willett, W.C.; Spiegelman, D.; Duggan, C.; Fawzi, W.W. Iron Status Predicts
Treatment Failure and Mortality in Tuberculosis Patients: A Prospective Cohort Study from Dar es Salaam, Tanzania. PLoS ONE
2012, 7, €37350. [CrossRef] [PubMed]

Gangaidzo, I.; Moyo, V.M.; Mvundura, E.; Aggrey, G.; Murphree, N.L.; Khumalo, H.; Saungweme, T.; Kasvosve, I.; Gomo, Z.AR,;
Rouault, T.; et al. Association of Pulmonary Tuberculosis with Increased Dietary Iron. J. Infect. Dis. 2001, 184, 936-939. [CrossRef]
[PubMed]

Basuli, D.; Stevens, R.G.; Torti, EM.; Torti, S.V. Epidemiological associations between iron and cardiovascular disease and diabetes.
Front. Pharmacol. 2014, 5, 5. [CrossRef]

Cuskelly, G.; Mooney, K.M.; Young, I. Folate and vitamin B12: Friendly or enemy nutrients for the elderly. Proc. Nutr. Soc. 2007,
66, 548-558. [CrossRef]

Finlayson-Trick, E.C.; Fischer, J.A.; Goldfarb, D.M.; Karakochuk, C.D. The Effects of Iron Supplementation and Fortification on
the Gut Microbiota: A Review. Gastrointest. Disord. 2020, 2, 327-340. [CrossRef]


https://www.ghanahealthservice.org/downloads/Iodine_Survey_Report.pdf
https://www.ghanahealthservice.org/downloads/Iodine_Survey_Report.pdf
http://doi.org/10.1017/S1368980016003098
http://www.ncbi.nlm.nih.gov/pubmed/27903312
http://doi.org/10.1016/j.foodpol.2007.12.003
http://doi.org/10.1007/s12571-015-0464-7
http://doi.org/10.1093/nutrit/nux037
http://doi.org/10.1002/14651858.cd005944.pub2
http://doi.org/10.1093/ije/dyq080
http://doi.org/10.2471/BLT.11.100412
https://www.who.int/elena/titles/guidance_summaries/vitamina_postpartum/en/
https://www.who.int/elena/titles/guidance_summaries/vitamina_postpartum/en/
http://doi.org/10.3945/an.111.001701
http://doi.org/10.1111/nyas.13965
http://doi.org/10.3945/ajcn.112.034629
http://doi.org/10.1093/jn/nxaa142
http://doi.org/10.3390/microbiolres12020033
http://doi.org/10.1177/15648265070284S406
http://doi.org/10.1371/journal.pone.0037350
http://www.ncbi.nlm.nih.gov/pubmed/22606361
http://doi.org/10.1086/323203
http://www.ncbi.nlm.nih.gov/pubmed/11528590
http://doi.org/10.3389/fphar.2014.00117
http://doi.org/10.1017/S0029665107005873
http://doi.org/10.3390/gidisord2040030

	Introduction 
	Materials and Methods 
	Micronutrients Programs 
	Target Populations 
	Diet Patterns 
	Micronutrients Intakes and Comparison to Recommendations 

	Results 
	Micronutrient Interventions 
	Micronutrient Total Intakes 
	Non-Pregnant, Non-Lactating Women 
	Pregnant and Lactating Women 


	Discussion 
	Role of Fortification in Coverage and Excess Intakes 
	Biofortification 
	Supplementation 
	Micronutrients at Risk for Overconsumption versus Deficiency 
	Strenghts and Limits of the Results 

	Conclusions 
	References

