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ABSTRACT

Little is known about dietary intake and nutrient adequacy of the Ivorian population.
This study estimated the inadequacy for energy and nutrients in Ivorian school-aged
children (6-12 years) and women of reproductive age (15-49 years) and explored
the differences between age, sex and socio-demographics groups. A cross-sectional
dietary intake study was conducted with Ivorian school-aged children (n=423) and
women of reproductive age (n=423) from different households across four cities,
recruited by two-stage random sampling. Dietary intake data were collected by
multiple pass 24-hour recall, with a non-consecutive repeat recall day in a sub-
sample (12% of subjects). By adjustment for within-person variation, usual daily
nutrient intake was calculated, and the prevalence of nutrient adequacy was
assessed using the Estimated Average Requirement (EAR) cut-point method
(except for iron in women of reproductive age, for which the probability of adequacy
method was used with the full requirement distribution). Differences between age,
sex and socio-demographic variables in mean intake and prevalence of inadequacy
was determined based on confidence intervals, where possible. The results show
that intake of most nutrients was adequate for both school-aged children and women
of reproductive age, except for calcium (99% and 96% inadequacy, respectively),
riboflavin (53 and 79% inadequacy) and zinc (51 and 53% inadequacy). Older
children (11-12 years) experienced higher prevalence of inadequacies than younger
children (6-10 years), and for women of reproductive age, the youngest age group
(15-17 years) experienced higher prevalence of inadequacies than older age groups
(18-49 years). No differences were found between sexes among children. Most
nutrient inadequacies showed a negative linear relationship with socio-economic
status for school-aged children, where the highest inadequacies were seen in the
lowest socio-economic status groups. Most school-aged children (69%) and women
of reproductive age (56%) met their energy requirements. Protein intake was often
below the Acceptable Macronutrient Distribution Range (AMDR) (53% children and
45% women). Ivorian nutrition policies and interventions should generally focus on
improving calcium, riboflavin and zinc intake, in addition to vitamin A and folate
intake specifically in older children and young women.
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INTRODUCTION

Globally, undernutrition is still a key concern, as it contributes to an estimated 45%
of child deaths under the age of 5 years [1]. In the Ivory Coast, there appears to be
a shift in malnutrition with age and time, as thinness decreases and overweight and
obesity are on the rise. The Ivory Coast has a predominantly young population:
children under 15 years old make up 42% of the 22 million Ivorian people. According
to the USAID Demographic Health Survey (DHS) 2021, around 20% of Ivorian
children under 5 years of age are stunted, 68% are anaemic and 3% overweight [2].
For children and adolescents (5-19 years), thinness has shown a downtrend to now
affecting an estimated 7.5% of boys, whereas overweight and obesity has steadily
increased over time and is predicted to affect 24% of girls in 2019 [3] . Similar trends
are shown for women of reproductive age (20 years and older): underweight has
declined to around 7%, whereas overweight and obesity have steadily increased to
39%. In addition, the prevalence of anaemia in women of reproductive age is also
remarkably high at approximately 60% [2]. These nutritional issues can for a large
part be addressed by adequate dietary intake.

To the best of the authors’ knowledge no studies have investigated dietary intake in
Ivorian school-aged children (6-12 years) and women of reproductive age (18 years
and above). |dentifying nutrient intake inadequacies (nutrients consumed below
recommended levels) is important to better tailor nutrition interventions and
ultimately to improve the health status of a population. This is especially important
in the case of lvory Coast, where there appears to be a transition in malnutrition with
age and time, from undernutrition to overnutrition.

Diets in low- and middle-income countries (LMIC) are often characterised as
monotonous and staple-based, leading to low dietary diversity and high
micronutrient deficiencies [4]. Available data suggest that this also applies to the
diets of Ivorian children and women [2]. The 2021 Demographic and Health Survey
(DHS) reports low diet diversity for children aged 6-23 months, with only 24%
meeting the minimum diversity criteria (five out of eight food groups) and for women
aged 15-29 years, only 29% met the minimum (five out of ten food groups). A
scoping review of 30 sub-national studies, including 15 from Abidjan (2000-2019),
found high prevalence of iron and riboflavin deficiencies based on blood
measurements in 10-19-year olds, as well as inadequate dietary intake of iron,
riboflavin and vitamin A. These nutrient inadequacies were attributed to low
consumption of animal foods, fruits and vegetables [3)].

The purpose of this study was to fill the knowledge gap regarding dietary intake and
to identify inadequate nutrients in the diet of school age children (6-12 years old) and
women of reproductive age (18-49 years old) in four Ivorian cities: Bouake, Daloa,
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Abengourou and Yopougon. Differences in nutrient intake inadequacy between sex,
age, and socio-demographic groups were also assessed.

Methods

A cross-sectional study was conducted to assess the usual dietary intake of lvorian
school-age children and women of reproductive age. The study received ethical
approval from the National Ethics and Research Committee of Céte D’lvoire (CNER-
Cl). Consent for study participation was obtained from study participants for women
and by parent and/or caregiver in case of the children.

Participants

The study was conducted in February 2021 with 423 school-aged children (6-12
years) and 423 women of reproductive age (15-49 years) in four cities of Ivory Coast:
Bouake, Daloa, Abengourou and Yopougon. Participants were selected by a two-
stage custom random sampling technique. First, neighbourhoods were selected by
simple random sampling from a list of neighbourhoods in each of the cities,
according to the General Population and Housing Census RGPH 2014. The number
of selected neighbourhoods in a city was based on the probability proportional to
size of the city. Households were then selected by using the random walk method.
Participants were selected from the household if they were healthy and between the
age of 6-12 or 15-49 years old. Only one child or woman was selected per
household; hence, women and children did not reside in the same households. The
required number of participants selected for the study was calculated based on a
response rate of 90%, precision rate of 0.05, and iron as the most critical nutrient
[6]. The prevalence of iron inadequacy was estimated conservatively at 50%.

Tools and procedure

Before the study, field investigators were trained on the study’s tools and
procedures, and a pilot study was conducted with 20 participants in Yopougon
(participants were not included in the final sample). Feedback from the training and
pilot study was incorporated into the tools used in the study.

All information collected in the study was through face-to-face interviews by a field
investigator with the participants (6-12 years old and 15-49 years) and their main
caregivers (for all children 6-12 years). Data collection was conducted with an
electronic survey tool developed in KoboCollect (versions 1.25.1, KoboToolbox,
USA). First, height and weight were measured using a standardized scale, height
board and measuring tape. Then, a questionnaire was administered on demographic
and socio-economic data. Socio-economic information included the main care-
giver's educational level and occupation, living situation, number of people living in
the household and daily household expenditure on food.
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Dietary intake information was collected via a standard multiple pass 24-hour recall
as previously described and validated for other low- and middle-income countries
[6]. Participants were asked in a four-step approach to detail all foods and beverages
consumed over the previous 24-hour period in and outside their home from the time
of waking up the day preceding the interview to the time of waking up on the day of
the interview. Details on each ingredient, their quantity and frequency of
consumption were collected. Portion sizes of foods and beverages were estimated
based on a photographic food atlas. The photographic food atlas was created by
following the protocol from Michael Nelson et al. [7]. A second 24-hour recall was
re-administered to 12% of the participants on non-consecutive days with at least 7
days and at most 18 days between the two recalls [6].

Calculations and statistical analysis

Nutrient intake data were generated by the software tool Compl-eat™ (Wageningen
University, Wageningen, the Netherlands, Version 1.0) [8]. For this, the detailed
information on consumed foods and beverages from the 24-hour recall was entered.
Conversion factors and edible portion sizes were applied to calculate the actual
amount of food consumed. Nutrient values of foods and beverages were taken from
the West African Food Composition Table (WAFCT, 2019) [9]. Vitamin A-fortified oils
specific to Ivory Coast were available, however they were not used due to significant
vitamin A loss during cooking [10]. When foods, beverages or certain nutrients were
not available in the WAFCT, the French Food Composition Table (CIQUAL, 2020)
was used, followed by scientific literature when available [11]. For foods and meals
prepared out of home and common local recipes (example sauces), the study team
created standard recipes via investigation with local food vendors.

Energy and nutrients included for analysis were macronutrients: protein, fat, and
carbohydrates; fibre; and 11 micronutrients: calcium, iron, zinc, vitamin A, thiamin,
riboflavin, niacin, vitamin B6, folate, vitamin B12 and vitamin C. These nutrients were
chosen as they are a public health concern for children and women in the West-
African region and their composition and requirement information was available
[12,13]. Data were cleaned by first calculating the z-scores of energy intake, after
which the 24-hr recalls with z-scores higher or lower than + 2.58 (99% confidence
interval), and the highest and lowest 1% of the amounts of recalled foods were
identified. These records were checked for discrepancies with the original electronic
questionnaires and corrected where possible. If no discrepancies were found, the
plausibility of each record was discussed with a team of experts. Ten identified
records for school-aged children were judged implausible and their data were
excluded, leaving a final number of 488 observations (final subject number= 434,
with 54 subjects having a 2" day record). For women of reproductive age, seven
records were judged implausible and their data were excluded, leaving a final
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number of observations of 486 (final subject number= 434, with 52 subjects having
a 2" day record).

Daily nutrient intakes were used to estimate the usual nutrient intake distribution and
adequacy of nutrient intake of the study population with the Statistical Program to
Assess Dietary Exposure (SPADE; version 4.1.1, RIVM, The Netherlands) in R
Studio (Packages: SPADE.RIVM). Twelve percent of the participants had a repeat
24h recall, which allowed to adjust the nutrient intake distributions for inter-person
variation. The estimates of usual nutrient intake, obtained through bootstrapped
resampling techniques (200 iterations), were then used to calculate the prevalence
of nutrient adequacy with corresponding 95%-confidence intervals.

Nutrient adequacy was calculated by comparing average nutrient intakes to nutrient
reference values. The nutrient reference values used were the Average
Requirement (AR) provided by Allen et al. (2020), as these are the most up-to-date
and appropriate for use as Ivory Coast does not have their own set of nutrient intake
requirements [14]. By exception, iron intake adequacy in women of reproductive age,
where the requirement distribution is skewed, was evaluated by using the full
requirement distribution of the European Food Safety Authority (EFSA) [15].
Moderate levels of bioavailability were assumed for iron (10%) and zinc (25%) [16],
based on the Human Development Index classification of Ivory Coast as “Moderate”
[17]. Although average nutrient requirements are available for vitamin D, they
assume no sun exposure, so we did not calculate vitamin D inadequacy. The
inadequacy of iodine intake was not calculated, as insufficient information was
collected on iodine fortified foods, especially on iodine fortified salt as an ingredient
in meals or recipes.

The reference value for energy intake was calculated for each individual by using
the Estimated Energy Requirement (EER) based on age, sex, body weight, height
and physical activity level (PAL) set by IOM, where PAL was assumed to be 'low
activity' for all participants. Intakes of macronutrients were also evaluated as a
percentage of the total daily energy intake, and inadequacy and excessive intake
were classified as less than the lower and higher than the upper limit of the
Acceptable Macronutrient Distribution Range (AMDR) respectively. AMDR used for
macronutrients are according to IOM, 2005 [18].

Anthropometric parameters (height and weight) were compared to healthy ranges
as defined by the age and gender-specific WHO ranges. Anthropometric data of
children was analysed by using the World Health Organization (WHO) Anthro Plus
Software (version 1.0.4) [19]. The WHO defines obesity for children (5-19 years) as
BMI-for-age greater than 2 standard deviations (SD) above the WHO growth
reference median, overweight as BMI-for-age greater than 1 SD above the median,
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while thinness is defined as a BMI-for-age greater than 2 SD below the median and
stunting as height-for-age greater than 2 SD below the median [20]. For adults, BMI
was calculated as weight in kilograms divided by height in meters squared (kg/m2).
Then, individuals were categorized based on the BMI cut-off values recommended
by WHO as underweight (<18.5 kg/m2), normal (18.5-24.9 kg/m2), overweight (25—
29.9 kg/m?) and obese (=30 kg/m2) [21].

Differences in nutrient inadequacies by demographic characteristics (sex and age
categories) were then analysed by evaluating the confidence intervals. A difference
was considered significant in cases where the mean usual intake or prevalence of
nutrient inadequacies did not fall within the 95%-confidence intervals of the
comparison groups. In instances where sample sizes within variable groups were
insufficient to permit bootstrapping, the linear relationship between nutrient
inadequacies and SES variable groups was assessed by chi-square tests for trend.
Homogeneity between groups (school-aged children and women of reproductive
age) was also evaluated. For continuous variables (example age) independent
samples t-tests were used, and categorical variables (example sex, nutritional
status, sociodemographic status) were compared using chi-square tests.

RESULTS AND DISCUSSION

Demographics

In total, 45% of children (6-12 years) were male and 55% female (Table 1). In all
age groups, most participants lived in Abidjan (36%), followed by Bouake (29%),
Daloa (26) % and Abengourou (9%). The socio-demographic information of children
and women was similar.

Nutritional status of lvorian children and women

Table 1 presents the nutritional status of the Ivorian children and women
participating in our study. Overall, for Ivorian children, 1.4% were obese, 5.7% were
overweight, 11% were thin, and 2.5% were stunted. More female compared to male
children were overweight (p=0.02) (Supplementary Table 1). Overall, for Ivorian
women; 17% were obese, 32% were overweight, and 7% were underweight.
Younger women were often more underweight (p=0.00) and older women more
overweight and obese (p=0.00) (Supplementary Table 2).

Energy, nutrient intake and inadequacies in Ivorian children (6-12 years)

Table 2 shows the usual intake distributions of energy, macronutrients, and fibre,
and their comparison to recommended requirements for children. Energy intake was
mostly above the estimated requirement, with 31% of children not meeting their
requirement. Carbohydrate intake was mostly within the respective AMDR for total
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energy (56%), whereas fat intake often exceeded the upper bound (33% of children)
and protein was often under the lower bound (53% of children).

Figure 1 shows that calcium, riboflavin and zinc intake did not meet the EAR for most
children aged 6-12 years, with 99%, 53% and 51% of children having inadequate
intakes, respectively. Children had moderate intake inadequacies for vitamin A
(33%), folate (28%), vitamin B6 (24%) and vitamin C (24%). The intake of iron,
thiamin, niacin and vitamin B12 met the EAR for = 85% of children. Supplementary
Table 3 details the mean nutrient intake and prevalence of nutrient inadequacy per
age group and sex. The prevalence of nutrient intake inadequacies was similar
between male and female children.

100
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Figure 1: Prevalence of nutrient intake inadequacy of Ivorian school-aged-
children (6-12 year) and women of reproductive age (15-49 years).
Error bars indicate the 95% confidence intervals

As seen in Figure 2, the prevalence of inadequacy was highest for children aged
11-12 years old for all nutrients. Differences between the oldest age group and the
two younger age groups were found for all nutrients except niacin, vitamin B12 and

calcium. Differences between the eldest and middle age group were also found for
niacin.
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Figure 2: Prevalence of nutrient intake inadequacy by age group of Ivorian
school-aged-children (6-12 years). Error bars indicate the 95%
confidence intervals. Significant differences between age groups,
determined using confidence interval method, are indicated by a,b.
Bars that share the same letter are significantly different from each
other (p <0.05)

Energy, nutrient intake and inadequacies in women of reproductive age (15-49
years)

Table 3 reports the usual intake distributions of energy, macronutrients and fibre and
their comparison to recommended requirements for women. Energy intake of 46%
of women was below their energy requirement. Carbohydrates were mostly within
the AMDR boundaries, whereas protein was often under the lower bound (45% of
women) and fat exceeded the upper boundary for fat intake (35% of women). For
micronutrients, Supplementary Table 4 details the mean nutrient intake and
prevalence of nutrient inadequacy per age group.

Nutrient

Figure 1 indicates that a large proportion of women did not meet the EAR for intake
of calcium (96%), riboflavin (79%), zinc (53%), vitamin A (44%) and folate (43%).
Intake of thiamin, vitamin B6, iron and vitamin C was inadequate for 20-30% of
women, whereas intake of niacin and vitamin B12 was mostly sufficient.

As seen in Figure 3, the prevalence of inadequacy was highest for women aged 15-
17 years old for most nutrients. Differences were seen between the youngest age
group and the two older age groups for calcium, riboflavin, zinc, vitamin A and folate
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inadequacies. For vitamin B6 the difference between the youngest and the oldest
age group was different.
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Figure 3: Prevalence of nutrient inadequacy by age group across nutrients
for Ivorian women of reproductive age (15-49 years). Error bars
indicate the 95% confidence intervals. Significant differences
between age groups, determined using confidence interval
method, are indicated by a,b. Bars that share the same letter are
significantly different from each other (p <0.05)

Comparisons of nutrient adequacy by socio-economic status (SES)

Table 4 and 5 summarise the prevalence of nutrient intake inadequacy by SES
variables for school-aged children and women of reproductive age, respectively.
Overall, the four different SES variables (living situation, household expenditure,
occupation and school education) did not show similar trends in prevalence of
nutrient inadequacies between school-aged children and women of reproductive
age.

For school-aged children nutrient inadequacy roughly followed the expected
negative linear relationship with SES, where the lowest SES group, had higher
prevalence of nutrient inadequacies, except for folate. As seen in Table 4, most
nutrient inadequacies (8 nutrients) showed a strong negative relationship with
household expenditure, followed by living situation (7 nutrients), education (6
nutrients) and then occupation (3 nutrients).

For women of reproductive age, the trend for nutrient inadequacy across the four
SES variables was not as expected. Majority of nutrients showed an unexpected
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positive relationship with SES variables, where the highest SES groups experienced
higher nutrient inadequacies, especially for living situation. This relationship was
strong for 5 nutrients, as seen in Table 5, where the p-value < 0.0167. A strong
negative relationship (as expected) was also seen with nutrient inadequacies and
occupation (5 nutrients), followed by household expenditure (4 nutrients), education
(2 nutrients) and living situation (1 nutrient) (p<0.00).

In summary it was found that both under- and over- nutrition was prevalent in
children, whereas overnutrition was a major issue for women. High levels of
micronutrient inadequacies were observed in both children and women, with calcium
deficiency affecting over 90%, and riboflavin and zinc deficiencies affecting more
than 50%. Additionally, 20-45% of both groups showed inadequacies in vitamin A,
folate, vitamin B6, and vitamin C. Thiamin inadequacies were also prevalent among
women. In addition, most nutrients appeared to have higher prevalence of
inadequacies in older children (11-12 years) and younger women (14-17 years).

Nutrients with high prevalence’s of inadequacies found in this study, were similarly
seen in the other studies on children from lvory Coast and Nigeria; a scoping review
of Ivorian adolescents (10-19 years) and cross-sectional dietary intake study in
Nigerian children (4-13 years) [5,22]. Calcium and riboflavin showed the highest
prevalence’s of inadequacies and are found in high amounts in animal products.
Consumption of dairy, especially for calcium, meat, nuts and green vegetables, for
riboflavin should be further explored and potentially increased in this population

group.

High prevalence’s of inadequate intakes of iron, zinc and vitamin A are expected in
LMIC, and this indeed was the case for our study, except for iron. The Nigerian study
found all three nutrients (iron, zinc and vitamin A) to be inadequate in over half of
the children [22]. These nutrients are generally prioritised by national and
international stakeholders in LMIC national policies and programs. Large-scale food
fortification is a cost-effective example of this. In lvory Coast, the fortification program
“Ivoirien de la Promotion des Aliments Fortifiés [PIPAF]” has been implemented
since 2007. Wheat is fortified with electrolytic iron and folic acid, refined vegetable
oil with vitamin A and salt with iodine. These nutrients are also the focus of other
nutrition initiatives as part of the countries National Multisector Nutrition Plan (2016-
2020). Initiatives include iron and vitamin A supplementation of children under 5
years [23]. In this study, zinc inadequacy was found to be problematic for over half
of children (6-12 years old), increasing to even 92% for older children and 53% for
women. Notably zinc is not currently included in the fortification initiatives in Ivory
Coast. The national mandatory fortification of vitamin A in cooking oils was found to
have high compliance (97%) to the national fortification policy however compliance
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was much lower for iron fortified wheat (32%) [23]. Despite this and high
consumption of cooking oils, there remains high levels of vitamin A inadequacy in
Ivorian children and women, this may be contributed to the high degradation of
vitamin A when cooked [10].

This study found a higher prevalence of nutrient inadequacies in women compared
to children, consistent with existing literature from Nigerian and South African
families living in poor resource settings. In such contexts, patriarchal social
structures often dictate intra-household food distribution, with adult males receiving
priority, followed by male children, then female children and finally adult women
[24,25]. However, this pattern does not fully explain the observed differences in
nutrient inadequacies between age groups. Older children (11-12 years) and
younger women (15-17 vyears), both in adolescence, had the highest nutrient
inadequacies. This could be due to increased nutrient requirements during later
childhood and adolescence.

Interestingly, there was no difference found between male and female children in
energy and nutrient inadequacies. However female children had a higher prevalence
of overweight and obesity (p=0.02), and over 50% of adult women were overweight
and obese. This discrepancy may be explained by under-reporting of energy intake
among females in this study, a common issue in overweight or obese populations
[26]. These findings align with the Global Nutrition Report, which reports a higher
prevalence of overweight or obesity among lvorian female children, adolescents and
women compared to their male counterparts [3].

Health and nutrition disparities linked to socio-economic status are well-documented
in literature [27]. Identifying the SES factors contributing to these disparities within a
population is crucial for developing targeted nutrition and health interventions.
Similar to the literature, our study showed that lower SES was linked to higher
nutrient inadequacies in children. Most nutrients showed a strong negative
relationship with household food expenditure, living situation and/or school
education. For women, fewer nutrients also showed a strong negative relationship
with household food expenditure (similarly to children) and occupation. However, an
unexpected positive relationship with SES variables was more commonly observed
among women, especially for living situation. There appears to be more than one
trend occurring and further exploration may be needed into the diet of women with a
higher SES. In contrast to these findings, the dietary intake study in Ibadan Nigeria,
showed no significant differences between SES groups, where SES was categorised
based on the Market Research Society of India (MSIR) [22]. Further research may
also be needed to identify more comprehensive variables for measuring SES in lvory
Coast (example Multidimensional Poverty Index (MPI)) [27].
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This study is limited by the fact it did not include participants from rural areas. Current
literature in the region suggests rural populations face a higher burden of child
undernutrition than urban populations [28,29]. Secondly, the gold standard to assess
usual nutrient intake is to conduct three 24-hour recall surveys on non-consecutive
days [30,31]. For feasibility reasons this was not followed in this study, only one 24-
hour recall was performed and a second repeat for 12% of the study population.
Physical activity levels were also not collected and low physical activity was
assumed for all participants. In addition to this, Ivory Coast does not have their own
nutritional food composition table, thus instead the West African and French
composition tables was used. This limits the matching of food items with accurate
nutritional composition. Future research should also consider the nutrient status of
the population (via collection of blood and urine markers) to further confirm the
findings in this study or those that could not be included in this study (example
vitamin D and iodine).

This study was the first study to investigate nutrient inadequacies in urban Ivorian
school age children and women of reproductive age. Targeting the nutrients
identified as inadequate could improve the effectiveness of nutrition policies,
programs and interventions for these groups in Ivory Coast. Effective programs
addressing calcium, riboflavin and zinc inadequacies in LMIC should be considered
[32]. Nutrition education, particularly through schools could help older children and
younger women to make healthier food choices. School feeding programs are an
example of interventions that can be tailored to this age group and prioritise missing
foods and nutrients. In 2017-2018 school feeding programs were implemented in
12% of Ivorian schools [33]. This presents great potential for lasting dietary
improvements, particularly preparing young women for childbearing years, where
nutritional requirements increase and directly impact the health of the unborn child.
Since national fortification is already implemented in Ivory Coast (iron, folic acid,
vitamin A and iodine), the fortification level, bioavailability and degradation factors
(example phytates in wheat, cooking of oil) should be evaluated, along with
compliance to national fortification policies.

CONCLUSION AND RECOMMENDATIONS FOR DEVELOPMENT

Overnutrition is a problem for Ivorian urban women of reproductive age and
undernutrition still remains a prevalent issue in lvorian school-age children. Majority
of children and women had inadequate intakes of calcium, riboflavin and zinc.
Nutrition policies, programs and interventions for lvorian school-aged children and
young women should focus on improving these nutrients. Examples include school
education and feeding programs on food groups that are rich in the nutrients of
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concern, and improvement of current nutrient fortification programs and
consideration of including new nutrients such as zinc.
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Table 1: Demographic, socio-economic and nutritional status characteristics
of school-aged children (6-12 years) and women of reproductive age

(15-49 years)
Characteristic School- Women of
aged reproductive
children age
(n=434) (n=434)
% %
Sex Male 45 0
Female 55 100
Household size, n mean + sd 714 714
Number of dependent children, n mean * sd 4+£2 3+3
Household Type, % Monogamous 85 72
Polygamous 10 22
Other 5 6
Food Household Expenditure (per day), % <2000 Fr 26 21
2000-4000 Fr 54 61
> 4000 Fr 19 18
Living situation, % Shack or common
commune 48 45
Apartment 35 36
Villa 16 20
Marital Status, %! Single 47 48
Partnership 37 33
Married 15 17
Separated/Divorced 0 1
Widow 2 2
Education, % None 16 25
Primary 52 24
Secondary 28 38
Tertiary 4 14
Occupation, % * Student or not employed 44 36
Informal sector 36 50
Manager or salary 20 15
Ethnicity, % Akan 42 46
Gour 4 4
Krou 7 7
Mande du nord 17 13
Mande du sud 20 16
Non-Ivorian 7 7
Other 4 7
Nutritional status, %?2 Normal weight 2 82 44
Thin or underweight ® 11 7
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Stunted ¢ 3 NA
Overweight d 6 32
Obese © 1 17

'Characteristics refer to the mother or care-giver of the child 2 For children z-scores cut-offs for
aBMl/age -2SD and +1 SD, bPBMI/age <- 2SD ¢ ht/age <-2SD 9 (BMl/age >+ 1SD), ¢eBMl/age >+
2SD and for adults the Body Mass Index (BMI) (kg/m2) cut-offs were used. Not Assessed (NA)=
not applicable, FR, West African Franc, conversion rate in 2021 was 0.0015 euro
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Table 2: Distribution of usual intake of energy, macronutrients and fibre of Ivorian children (6-12 years)

Nutrient (unit) Age  Mean SD! 5th 10th 25th 50th 75th 90th 95th % < % >
group Percentile =~ Percentile = Percentile = Percentile =~ Percentile = Percentile @ Percentile = requirementy = AMDR?
(years) AMDR3
Energy (kcal) 6-12 2120 766 1400 1538 1785 2084 2417 2749 2962 31 69
6 1982 + 1212 1302 1434 1672 1951 2258 2576 2767 33 67
7-11 2117 + 959 1414 1547 1794 2085 2410 2725 2928 31 69
1112 2239+ 1217 1500 1640 1894 2203 2548 2893 3099 32 68
Protein (g) 6-12 53 + 26 35 38 44 52 61 71 77 53 0
6 49 + 44 33 35 41 48 56 65 71 56 0
7-11 53 +29 35 38 44 52 61 70 76 54 0
11-12 57 +46 37 40 47 55 65 75 82 49 0
Fat (g) 4 6-12 74 47 56 67 74 79 92 106 34 33
6 70 49 59 67 69 69 87 103 40 27
7-11 74 47 56 71 74 77 92 105 30 35
11-12 78 45 54 71 79 82 95 109 40 32
Carbohydrate (g) 6-12 74 47 56 67 74 79 92 106 17 27
6 280 + 169 166 188 227 273 325 381 421 13 27
7-11 298 + 138 182 204 243 290 345 402 442 16 23
11-12 315+ 212 197 217 257 306 363 426 466 19 34
Fibre (g) 4 6-12 25 16 19 22 25 28 30 34 NA NA
6 24 17 20 22 23 23 28 33 NA NA
7-11 25 16 19 24 25 27 30 34 NA NA
11-12 27 16 19 24 28 29 31 36 NA NA

1Standard deviation is calculated by the formula = ((Upper bound confidence interval - Lower bound confidence interval) / 2) / 1.96 * </ (sample size)

2Estimated energy requirement; EER males (6-12 years)= 88.5-(61.9xage)+PAx[(26.7xweight(kg))+(903xheight(m))]+20 or 25 and EER females (6-12 years)=
135.3-(30.8xage)+PAx[(10.0xweight(kg))+(934xheight(m))]+20 or 25; 3 AMDR used for macronutrients are according to I0OM, 2005; protein (10-30%), fat (25-35%) and carbohydrate (45-65%);
4 Bootstrapping could not be performed due high within-individual variance and low between individual variance, therefore no SD could be given, as a confidence interval was not provided
Abbreviations : AMDR- Acceptable Macronutrient Distribution Range ; SD- standard deviation
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Table 3: Distribution of usual energy and macronutrient intake of Ivorian women of reproductive of age (15-49 years)
Age % <

th th th th th th th 0
Nutrient (unit) o Mean£SD' | oo tle | percentle | Percentle | Pecentle | Percontle | Perentle | Percontie requiliement ANDR
Energy (kcal) 1549 26721358 1305 1525 1962 2543 3240 3981 1471 46 54
1517 2871£3125 1461 1660 2135 2728 3468 4254 4734 38 63
1824 28022047 1373 1609 2080 2672 3379 4164 4682 39 61
2549 2600+ 1577 1274 1484 1903 2474 3153 3880 4346 50 50
Protein (g) 15-49 71138 38 13 53 67 84 103 15 45
1517 72167 39 13 54 68 86 104 116 55
18-24 71250 38 13 54 68 85 104 17 48
25-49 7046 37 13 53 67 84 102 114 12
Fat (g) 15-49 94 1 68 57 64 76 92 110 129 141 20 35
1517 104123 66 72 85 101 121 141 153 15 13
1824 101£91 62 69 82 % 116 136 149 20 36
25-49 91£75 55 62 73 88 106 124 135 21 33
Carbohydrate (g) 1549 370200 162 195 261 350 458 571 645 19 22
1517 397 +589 183 212 284 375 488 608 681 10 23
1824 388320 170 206 277 367 476 596 675 18 23
2549 360237 157 189 253 341 446 557 629 20 21
Fibre (g) 15-49 3320 14 17 23 31 4 51 59 NA NA
1517 35 £ 41 15 18 25 33 13 55 62 NA NA
18-24 3430 14 18 2 32 12 54 61 NA NA
2549 32+22 13 16 22 30 40 50 57 NA NA

1Standard deviation is calculated by the formula = ((Upper bound confidence interval - Lower bound confidence interval) / 2) / 1.96 * \ (sample size)
2Requirement= Estimated energy requirement, EER=354-(6.91xage(years))+PAx[(9.36xweight(kg)) + (726xheight (m))]; 2AMDR used for macronutrients are according to IOM, 2005; protein
(10-35%), fat (20-35%) and carbohydrate (45-65%). Abbreviations: AMDR- Acceptable Macronutrient Distribution Range, SD- standard deviation
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Table 4: Prevalence of nutrient inadequacy across socio-economic levels of household expenditure, school education,
occupation and living situations for lvorian School-aged Children (6-12 years)

Household Expenditure School education Occupation Living Situation
SES level Lowest Middle Highest pvalue Lowest Middle Highest pvalue Lowest Middle Highest pvalue Lowest Middle Highest p value
Calcium 100 99 97 <0.00* 100 98 100 0.71 96 99 97 0.12 99 99 90 <0.00
Folate 11 29 30 <0.00* 27 27 34 0.02 30 22 36 0.05 33 23 19 <0.00
Iron 19 18 7 <0.00* 28 15 0 <0.00 18 14 23 0.05 24 3 10 <0.00
Niacin 9 3 0 <0.00* 2 4 3 0.70 3 2 3 0.83 6 0 4 0.13
Vitamin A 41 38 0 <0.00* 46 34 21 <0.00 39 33 36 0.29 36 20 34 0.46
Riboflavin 46 46 45 0.95 73 55 42 <0.00 61 44 46 <0.00 67 42 37 <0.00
Thiamin 15 7 4 <0.00* 17 7 12 0.02 8 5 11 0.06 15 0 0 <0.00
Vitamin B12 8 1 3 <0.00* 0 3 1 0.76 3 0 0 <0.00 1 5 0 0.62
Vitamin B6 26 28 6 <0.00* 34 28 25 <0.00 30 18 19 <0.00 33 21 7 <0.00
Vitamin C 35 20 34 0.82 23 23 16 <0.00 20 22 19 0.50 28 28 0 <0.00
Zinc 53 47 34 <0.00* 67 46 59 0.0 49 47 49 0.84 45 36 38 0.04

p value: Comparison of the percent of children below the EAR across the three socio-economic levels were conducted by chi-square trends * indicates p<0.0167. Yellow represents a negative
relationship, where the lowest SES level has the highest nutrient inadequacies, followed by the middle and highest levels. Grey indicates a positive relationship, with the highest SES level
having the highest nutrient inadequacies, followed by the middle and lowest levels. Bonferroni correction was applied to adjust for multiple group comparisons. For household expenditure,
Lowest= <2000 Fr, Middle= 200-400 Fr, and Highest= >4000 Fr; for School Education, Lowest= no education, Middle= primary, and Highest= secondary; for Occupation, Lowest= not employed
or student, Middle= informal sector, and Highest= salary or manager; for Living Situation, Lowest= shack or commune, Middle= apartment, and Highest= villa. FR, West African Franc,
conversion rate in 2021 was 0.0015 euro
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Table 5: Prevalence of nutrient inadequacy across socio-economic levels of household expenditure, school education,
occupation and living situations for lvorian Women of Reproductive Age (15-49 years)

Household Expenditure School education Occupation Living Situation
SES level Lowest Middle Highest p Lowest Middle Highest p Lowest Middle Highest p Lowest Middle Highest p
value value value value
Calcium 92 97 96 0.01 93 93 98 0.00 99 94 95 0.00 97 91 100 0.03
Folate 58 54 42 <0.00* 48 38 57 0.01* 59 51 36 <0.00* 41 64 70 <0.00*
Iron 22 19 13 <0.00* 21 10 15 0.03 23 18 11 <0.00* 13 26 24 <0.00*
Niacin 25 7 0 <0.00* 7 19 11 0.05 8 10 9 0.55 8 18 11 0.12
Vitamin A 53 35 50 0.31 16 61 58 <0.00* 61 37 60 0.84 30 64 52 <0.00*
Riboflavin 89 85 90 0.47 84 90 91 <0.00* 92 83 89 0.14 82 87 100 <0.00*
Thiamin 44 32 37 0.04 40 22 24 0.00* 35 34 27 0.02 24 45 42 <0.00*
Vitamin
B12 4 7 6 0.30 4 9 7 0.08 5 4 16 <0.00* 3 3 12 <0.00*
Vitamin B6 21 15 13 <0.00* 11 14 14 0.16 23 15 7 <0.00* 16 16 12 0.13
Vitamin C 27 12 35 0.01* 23 9 8 <0.00* 31 16 8 <0.00* 21 6 2 <0.00*
Zinc 56 48 60 0.25 51 40 55 0.25 58 49 35 <0.00* 43 59 61 <0.00*

p value: Comparison of the percent of children below the EAR across the three socio-economic levels were conducted by chi-square trends, * indicates
p<0.0167. Bonferroni correction was applied to adjust for multiple group comparisons. For household expenditure, Lowest= <2000 Fr, Middle= 200-400 Fr, and
Highest=>4000 Fr; for School Education, Lowest= no education, Middle= primary, and Highest= secondary; for Occupation, Lowest= not employed or student,
Middle= informal sector, and Highest= salary or manager; for Living Situation, Lowest= shack or commune, Middle= apartment, and Highest= villa. FR, West
African Franc, conversion rate in 2021 was 0.0015 euro
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