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Abstract: Background: Micronutrient malnutrition is a form of undernutrition that causes diseases,
and this is mainly due to insufficient intake of nutrients in daily foods. The status of micronutrients
for people in Sudan remains scarce, and information is limited. The aim of this study is to highlight
the status of micronutrients among women of reproductive age (15–49 years of age) and their children
in Sudan. Methods: This manuscript is a quantitative descriptive study, based on the data from Sudan
Micronutrient Survey (SMS); it is part of the second round of the Simple Spatial Survey Method
(S3M II) in Sudan (a total of 93,882 households). Results: The level of consumption of vitamin
A-rich foods was found to be moderate at 67.36% for reproductive-age women and low at 23.44% for
under-five children. Similarly, consumption rate of vitamin B-rich foods among reproductive-age
women was 62.13%, and low for children at 11.02%. The consumption of iron-, calcium-, and zinc-rich
foods was moderate among women (66.75%, 47.69%, 69.72%, respectively) and very low in children
(12.28%, 17.62%, 14.99%, respectively). The iron deficiency prevalence was 47% in non-pregnant
women, 58% in pregnant women, and 54% in children. The prevalence of anemia was 30% in
non-pregnant women, 37% in pregnant women, and 48% in children. Generally, urinary iodine
concentration was inadequate in lactating and non-pregnant women as well as in pregnant women.
Most indicators of micronutrients in Sudan for children and women of reproductive age were highly
significant. Sudan needs more efforts to create an enabling environment through legislation, policies,
and strategies to strengthen the nutrition-sensitive and specific interventions and improving status
of micronutrients among women and children, focusing on food fortification, food supplements, and
counseling on micronutrients intake for mothers during antenatal and postnatal services as well as
raising community awareness.

Keywords: micronutrients; undernutrition; women of reproductive age; under-five children; Sudan

1. Introduction

Deficiency of micronutrients is the second strand of malnutrition often referred to as a
hidden hunger and globally recognized as a serious health problem that deprives children
of their lives [1,2]. Over two billion people worldwide are estimated to be deficient in
one or more vitamins and minerals [3]. The numbers of children affected are substantial:
around 340 million children under five suffer from micronutrient deficiencies [2].

Malnutrition in children may occur due to the maternal malnutrition that affects the
child during pregnancy and childbirth. Maternal malnutrition, represented by underweight
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and anemia, increases the risk of perinatal complications and mortality, which lead to low
birth weight, impaired mental development, and increased risk of chronic disease and
mortality during the infancy period. Therefore, the risks of inadequate growth, stunting,
wasting, and frequent infections increase in early childhood and adolescence [2,4,5].

Micronutrients malnutrition is a form of undernutrition mainly due to inadequate
intake of nutrients in daily foods. Deficiencies in micronutrients include vitamins A,
B-complex, D, and E, and minerals iron, folic acid, calcium, zinc copper, magnesium,
selenium, and iodine [6]. Iron deficiency is the most common cause of nutritional anemia.
Globally, 38% of pregnant women and 43% of children under five years of age suffer from
anemia [7]. Iron deficiency anemia in pregnancy can cause low birthweight and inadequate
folate concentrations in the first trimester of pregnancy, which increases the risk of neural
tube defects such as spina bifida in the fetus. Calcium deficiency increases the risk of
preeclampsia and premature labor. Vitamin A deficiency weakens the immune system and
stymies the growth of the fetus. Zinc deficiency is associated with low birth weight, poor
fetal neurodevelopment, premature birth, and increased neonatal mortality [2,7,8].

Sudan is experiencing a high rate of malnutrition among the Eastern Mediterranean
Region, with global stunting prevalence of 36.35% and a global wasting prevalence of
13.6% [9]. Despite the fact that micronutrient deficiencies are common and contribute sig-
nificantly to specific disease risks, population micronutrient status data remain scarce [10].
In Sudan, information about micronutrients is limited. A recent hospital-based study was
conducted to determine the micronutrient dietary intake of pregnant Sudanese women [11].
Another comparative assessment of nutrient intake (macronutrients and micronutrients)
of displaced and non-displaced women was carried out on a small scale in an urban
community [12]. Therefore, this manuscript highlights the micronutrient status among
reproductive-age women (15–49 years of age) and their children in Sudan.

2. Materials and Methods

This manuscript is a quantitative descriptive study based on the data from Sudan
Micronutrient Survey (SMS); it is part of the second round of the Simple Spatial Survey
Method (S3M II) in Sudan that was completed in 2019 [13]. In this manuscript, we used the
data from the survey report to describe the micronutrient indicators in children under five
years of age and women of reproductive age [14].

Dietary intake data were also assessed by estimating consumption of specific micronu-
trients based on food consumed in the 24 h (both day and night) prior to the survey.

2.1. Methods Used in S3M II-Micronutrient Survey
2.1.1. Survey and Sample Design

In this manuscript, the SMS spatially stratified cluster survey was used, which was
conducted in two stages; it was carried out within the comprehensive sampling scope of
the S3M II. The S3M II is an area-based sampling survey. The process of its sampling was
planned in a way to represent the entire country, including the small administrative units
and localities. The primary sampling unites (PSUs) of the S3M II were selected, and they
were the pool of selection for the PSUs of the SMS. From each state, there was a random
selection of 30 PSUs which were selected from the selected PSUs of the 2018 S3M II in the
same states. The second stage of sampling of the SMS was made for the completely eligible
respondents (mother/caregiver, child pairs) in the households who were selected for the
S3M II. The number of samples was crucial in order to end with an appropriate sample
size to come up with a useful and precious estimation of the different indicators at the state
and national level (a total of 93,882 households including children under the age of five
represented 9703 samples and women in the reproductive age represented 8635 samples
(4187 non-pregnant lactating, 1784 pregnant, 2682 non-pregnant, and non-lactating).

Blood and urine samples were collected from participants appropriately. They were
stored, transported, and analyzed as required, following all guidelines. The blood samples
were collected through a venipuncture, situated in a tube to be clotted, centrifuged, and
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then separated into the serum to be used. For the urine samples, they were collected in a
sterile and single-use plastic container with a lid. All the samples from one cluster were
packed in one container, transported to the nearest suitable laboratory in each state, and
stored in a freezer kept at −20 ◦C until transport to the laboratory to be analyzed for
iodine. From the 18 states of Sudan, the total blood samples were 18,356, including the two
targeted groups.

The targeted sample of this survey was taken from those who met the criteria of the
study. These criteria were contained within two groups based on age. The first group was
children under the age of five years. The second group was women of reproductive age
(15–49 years), and this group has been classified to include pregnant women, lactating
women, lactating and pregnant women, and finally non-pregnant and non-lactating women.
The SMS aimed to estimate the state of the main micronutrients such as iron, calcium and
retinol (vitamin A) for different population groups of the targeted group.

A total of 8653 urinary iodine samples were collected from women in all 18 states.
All women selected to provide a urine sample were asked to put the sample in a sterile,
single-use plastic cup with a screw lid. All the samples from one cluster were packed
in one carton, transported to the nearest suitable laboratory in each state and stored in
a freezer kept at −20 ◦C until transport to NPHL to be analyzed for iodine. Urinary
iodine was measured using ammonium persulfate. The results were obtained with a
spectrophotometer, specifically spectroscopy model 40, which WHO recommends.

2.1.2. Data Analysis

The full dataset was entered and arranged in a single Excel sheet. The R language for
statistical computing v4.0.0 was used to perform the data analysis, and the R-analytic Flow
(RAF) interactive development environment (IDE) was implemented.

2.1.3. Definition of Indicators

1. Iron and C-reactive protein (CRP): the serum ferritin, and CRP were used to estimate
the state of iron, the normal value is from 12 µg/L to 150 µg/L. The cut-offs of serum
ferritin for children under the age of five years is <12 µg/L and for older than five years is
<15 µg/L. There is an adjustment for the serum ferritin by 0.65 if the respondent was in an
active inflammation process based on the values in Table 1.

Table 1. Cut-off of Iron and C-reactive protein.

Relative Extent of Iron Stores on the Basis of Serum Ferritin Concentration (µg/L)

Serum Ferritin (µg/L)

Less than 5 Years 5 Years or Older

Male Female Male Female

Depleted iron stores <12 <12 <15 <15

Depleted iron stores in
the presence of infection <30 <30

Severe risk of iron
overload (adults) >200 >150

Cut-offs to determine
acute inflammation

Acute phase protein

Cut-off
CRP AGP

>5 mg/L >1 g/L

Source: World Health Organization, ‘Haemoglobin Concentrations for the Diagnosis of Anaemia and Assessment of Severity’, Vitamin and
Mineral Nutrition Information System, Geneva, World Health Organization, 2011, pp. 1–6, www.who.int/vmnis/indicators/haemoglobin.
pdf, (accessed 12 July 2021).

www.who.int/vmnis/indicators/haemoglobin.pdf
www.who.int/vmnis/indicators/haemoglobin.pdf
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2. Hemoglobin (Hb): various types of anemia were determined by measuring the
concentration level of Hb; see Table 2. Hb values have been adjusted according to the
altitude. The data of altitude were taken for every single PSUs from the Shuttle Radar
Topography Mission (SRTM) by using a publicly available elevation model.

Table 2. Hemoglobin levels to diagnose anemia at sea level (g/L).

Population Hb Concentration (g/L)

Children 6–59 months <110

Children 5–11 years <115

Children 12–14 years <119

Non-pregnant women (15 years and above) <119

Pregnant women <110
Source: World Health Organization, ‘Haemoglobin Concentrations for the Diagnosis of Anaemia and Assessment
of Severity’, Vitamin and Mineral Nutrition Information System, Geneva, World Health Organization, 2011,
pp. 1–6, www.who.int/vmnis/indicators/haemoglobin.pdf, (accessed 12 July 2021).

3. Iodine: Iodine deficiency was diagnosed at the population level based on median
urinary iodine concentrations in populations of interest; see Table 3.

Table 3. Epidemiologic criteria for assessing population-level iodine nutrition based on median urinary iodine concentra-
tions in different population groups.

Median Urinary Iodine Concentration (µg/L) Indication of Population Iodine Intake

Pregnant women

<150 Insufficient

150–249 Adequate

250–499 Above requirements

≥500 Excessive

Lactating women and children under 2 years of age

<100 Insufficient

≥100 Adequate

Source: Centers for Disease Control and Prevention, World Health Organization, Nutrition International, UNICEF. Micronutrient survey
manual. Geneva: World Health Organization; 2020.

3. Results
3.1. Micronutrient Intake
3.1.1. Vitamin-Rich Food Consumption

The level of consumption of vitamin A-rich foods for reproductive-age women was
67.36%, with the greater part coming from animal sources. Across states, there is great
variability: Kassala state had the highest proportion of vitamin A-rich foods consumption
at 88.28%. By contrast, East Darfur state had the lowest vitamin A-rich food consumption
from any source of 34.50%. Child consumption of vitamin A-rich foods from any source
was low at 23.44%. River Nile state had the highest consumption rate at 41.51%, while Blue
Nile state had the lowest rate at 6.32% (see Table 4).

The consumption rate of vitamin B-rich foods among reproductive-age women was
62.13%; across the state level, only 33.3% of states had more than 70% of women consuming
vitamin B-rich foods. Al-Gezira state had the highest proportion of vitamin B-rich food
consumption at 78.40%. In comparison, East and North Darfur states had the lowest
(25.05% and 26.82%, respectively). There was also an overall low child consumption of
vitamin B-rich foods at 11.02%. Central Darfur state had the highest proportion of vitamin
B-rich food consumption at 33.39%, while East Darfur and Kassala states had the lowest
proportion at 1.39 and 2.39%, respectively.

www.who.int/vmnis/indicators/haemoglobin.pdf
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Table 4. Consumption of vitamins-rich foods among reproductive-age women (15–49 years of age) and their children.

State

Reproductive-Age Women Children under Five

Vitamin A-Rich Foods Vitamin B-Rich Foods
(B1/B2/B3/B6/B12) Vitamin A-Rich Foods Vitamin B-Rich Foods

(B1/B2/B3/B6/B12)

Estimati
on

95%
LCL

95%
UCL

Estimati
on

95%
LCL

95%
UCL

Estimati
on

95%
LCL

95%
UCL

Estimati
on

95%
LCL

95%
UCL

Al
Gedaref 62.01 52.02 72.06 56.28 442.80 679.75 18.13 0.01 49.54 12.15 0.01 34.78

Al-
Gezira 73.86 63.42 84.30 78.40 70.56 86.23 21.73 0.01 46.78 11.53 0.01 30.81

Blue
Nile 43.88 34.30 53.46 75.51 66.93 84.09 6.32 3.78 19.19 10.86 0.01 24.55

Central
Darfur 50.98 39.00 62.97 72.81 63.40 82.22 29.02 27.82 48.63 33.39 9.47 57.31

East
Darfur 34.50 25.89 43.10 25.05 17.67 32.44 21.47 15.46 41.81 1.39 0.01 14.67

Kassala 88.28 82.59 93.96 49.23 40.57 57.88 14.93 12.34 25.46 2.39 0.37 5.61

Khartoum 76.43 68.83 84.04 76.38 68.70 84.07 31.27 27.43 48.41 15.15 0.01 36.56

North
Darfur 61.10 50.22 71.98 26. 82 17.84 37.81 34.65 19.95 36.47 8.35 0.01 28.02

North
Kordo-

fan
63.71 54.83 72.60 67.47 59.54 75.39 16.14 10.85 20.54 13.45 1.87 25.03

Northern 67.09 57.52 76.67 41.68 28.97 54.39 30.74 16.75 35.49 6.02 0.01 26.35

Red Sea 65.95 57.26 74.64 37.53 27.71 47.35 18.97 13.91 33.03 4.22 0.01 19.97

River
Nile 79.39 72.54 86.23 53.98 45.43 62.53 41.51 30.61 44.47 5.82 0.01 14.65

Sennar 62.92 52.84 73.04 76.47 68.95 83.99 20.41 9.43 21.71 8.84 0.01 24.46

South
Darfur 74.87 64.04 85.70 55.39 53.16 57.77 27.97 12.36 20.88 11.81 0.01 38.81

South
Kordo-

fan
38.47 28.23 34.12 65.70 56.31 75.10 13.99 9.52 19.52 12.12 0.01 29.47

West
Darfur 55.98 45.74 66.22 68.76 58.77 78.74 15.39 5.88 19.86 14.06 0.01 39.02

West
Kordo-

fan
61.24 51.50 70.97 53.62 43.57 63.67 19.91 11.37 20.25 7.73 0.01 30.40

White
Nile 74.68 67.41 81.95 76.16 70.17 82.15 23.44 12.60 27.59 15.32 0.01 34.83

Sudan 67.36 58.07 76.65 62.13 53.13 71.13 23.44 15.66 16.03 11.02 0.01 30.41

LCL and UCL: Lower and Upper Confidence Interval Limits.

3.1.2. Minerals-Rich Food Consumption

Consumption of iron-rich foods among reproductive-age women (15–49 years of age)
was at 67%. Across states, 44% had more than 70% of surveyed women who consumed
iron-rich foods. Blue Nile and South Darfur had the highest proportion at 79% for both,
while Red Sea state had the lowest proportion at 28%. Consumption of calcium-rich foods
was relatively low among reproductive-age women (15–49 years of age) at 48%. Of all
the states, only one had more than 70% of women consuming calcium-rich foods, which
was a serving in the last 24 h. Kassala state had the highest proportion at 77%, followed
by Al-Gezira at 62%, while South Kourdofan and Blue Nile states had the lowest at 22%
and 19%, respectively. Consumption of zinc-rich foods among reproductive-age women
(15–49 years of age) was 70%. Half of the state in the country had more than 70% of women
who consumed zinc-rich foods. The highest proportion of zinc-rich food consumption was
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in Blue Nile state at 91%. In children, the proportion of iron-, calcium-, and zinc-rich foods
consumption was low at 12%, 18%, and 15%, respectively. There was little variability across
states; see Table 5.

Table 5. Consumption of minerals-rich foods among reproductive-age women (15–49 years of age) and their children.

State

Reproductive-Age Women Children under Five

Iron-Rich Foods Calcium-Rich Foods Zinc-Rich Foods Iron-Rich Foods Calcium-Rich Foods Zinc-Rich
Foods

Estima
tion

95%
LCL

95%
UCL

Estima
tion

95%
LCL

95%
UCL

Estimati
on

95%
LCL

95%
UCL

Estima
tion

95%
LCL

95%
UCL

Estima
tion

95%
LCL

95%
UCL

Estima
tion

95%
LCL

95%
UCL

Al
Gedaref 69.27 60.17 78.38 34.73 23.08 46.39 63.50 53.35 73.66 14.99 0.01 38.99 7.77 0.01 36.29 12.81 0.01 35.46

Al-
Gezira 77.77 70.27 85.26 62.26 50.20 74.32 85.96 79.48 92.44 13.21 0.01 33.43 19.83 0.01 44.23 16.85 0.01 40.36

Blue
Nile 79.64 70.30 88.98 18.69 10.76 26.61 90.85 83.86 97.85 10.62 0.01 26.26 4.42 0.01 24.34 28.69 7.91 49.47

Central
Darfur 72.96 62.72 83.19 24.31 13.03 35.60 77.54 68.82 86.27 17.91 0.01 44.16 20.20 0.01 52.67 26.04 1.94 50.15

East
Darfur 33.35 24.82 41.88 28.42 20.40 36.44 28.53 20.73 36.33 3.74 0.01 27.09 20.63 0.01 49.07 1.39 0.00 14.46

Kassala 43.26 32.43 54.08 76.69 71.79 87.58 54.75 45.75 63.76 1.55 0.01 16.75 14.31 0.01 40.79 1.56 0.01 14.48

Khartoum 72.39 63.88 80.90 51.97 41.58 62.37 84.07 78.03 90.11 14.96 0.01 34.70 21.31 0.01 45.50 26.44 3.87 49.00

North
Darfur 55.21 43.42 67.00 27.50 17.73 37.27 33.75 24.40 43.09 24.08 1.63 46.53 14.46 0.01 37.41 9.24 0.01 29.65

North
Kordofan 69.30 60.15 78.46 45.48 37.22 53.74 80.21 72.84 87.58 14.45 1.99 26.91 11.75 0.01 25.02 14.95 3.31 26.59

Northern 54.84 45.13 64.55 28.61 15.99 41.24 53.12 39.69 66.56 3.61 1.01 12.50 20.51 0.01 48.38 6.86 0.01 26.55

Red Sea 28.04 17.36 38.71 57.65 47.62 67.67 47.15 37.26 57.03 0.59 0.01 5.47 19.03 0.01 38.60 4.93 0.01 22.14

River
Nile 63.93 55.55 72.31 61.81 53.86 69.77 62.51 53.58 71.45 5.01 0.01 13.80 38.44 15.21 61.68 9.83 0.51 19.09

Sennar 76.68 69.24 84.12 49.63 37.57 61.69 82.52 75.67 89.37 7.90 0.01 22.54 18.67 0.01 39.18 12.89 1.50 24.28

South
Darfur 79.46 69.15 89.77 47.12 33.19 61.05 64.89 54.18 75.50 13.75 0.01 30.60 24.96 0.01 72.06 12.89 1.50 24.28

South
Kordofan 66.72 57.59 75.86 21.75 13.51 29.98 85.96 79.16 92.76 11.38 0.01 28.04 11.40 0.01 26.45 19.78 0.38 39.18

West
Darfur 72.61 63.62 81.61 38.51 27.73 49.30 71.30 60.89 81.70 14.41 0.01 40.71 11.11 0.01 36.62 15.55 0.01 42.02

West
Kordofan 63.60 54.09 73.11 46.45 35.34 57.56 57.27 47.11 67.43 9.82 0.01 31.93 12.81 0.01 35.67 8.41 0.01 31.56

White
Nile 77.95 71.86 84.04 59.79 51.50 68.09 83.36 77.74 88.98 15.53 0.01 34.18 11.40 0.01 33.46 18.09 0.01 37.96

Sudan 66.75 57.61 75.89 47.69 37.12 58.26 69.72 61.40 78.04 12.28 0.01 31.05 17.62 0.01 44.07 14.99 0.01 34.51

LCL and UCL: Lower and Upper Confidence Interval Limits.

3.2. Prevalence of Micronutrient Deficiency
3.2.1. Iron Deficiency

Table 6 presents the prevalence of iron deficiency among women of reproductive age
and children. Iron deficiency in non-pregnant women of reproductive age in Sudan was
47%, and the prevalence exceeded 20% in every state. Iron deficiency was a significant
problem among pregnant women of reproductive age in Sudan with 58% of them nationally
experiencing iron deficiency. Similarly, in children, the prevalence of iron deficiency was
high at 54% nationally with a prevalence as high as 40% and above in 16 out of 18 states.
West Darfur had the lowest iron deficiency prevalence among women (pregnant and
non-pregnant) and children.
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Table 6. The estimation of median-adjusted serum ferritin (ng/mL), iron deficiency among reproductive-age women (15-49
years of age), and these women’s children.

States

Non-Pregnant Women Pregnant Women Children under Five

Iron Deficiency Iron Deficiency Iron Deficiency

Estimate 95%.LCL 95%.UCL Estimate 95%.LCL 95%.UCL Estimate 95%.LCL 95%.UCL

Al-Gadarif
State 36.93 30.43 44.57 69.05 55.22 82.72 49.08 41.36 56.60

Al-Gazeera
State 46.12 36.61 54.73 54.10 41.06 67.96 56.87 47.26 66.80

Blue Nile
State 36.30 27.53 47.81 45.45 31.51 62.72 37.04 29.09 46.72

Central
Darfur State 32.89 24.11 41.07 76.19 53.34 98.17 44.93 37.02 54.33

East Darfur
State 49.03 40.66 57.48 69.35 55.14 88.11 44.59 37.87 51.86

Kassala State 56.34 47.42 64.47 75.44 60.65 88.68 67.71 58.67 75.87

Khartoum
State 46.75 38.10 55.32 57.35 43.02 71.65 60.24 53.05 67.44

North Darfur
State 40.39 33.62 48.64 52.81 37.76 68.44 46.99 40.00 53.29

North
Kourdofan

State
51.33 43.07 60.05 62.30 49.52 75.44 65.29 57.74 72.30

Northern
State 42.06 33.11 51.21 65.33 50.74 77.23 59.01 51.83 65.76

Red Sea State 63.76 55.55 72.07 64.58 44.99 78.96 67.93 58.54 74.75

River Nile
State 54.65 46.75 62.11 56.72 41.51 71.93 62.54 54.89 69.23

Sennar State 43.73 35.24 52.73 63.44 51.91 77.57 52.36 43.75 60.74

South Darfur
State 58.26 47.98 71.08 54.17 38.20 72.10 40.31 32.57 47.32

South
Kourdofan

State
42.37 34.97 51.00 67.31 49.98 87.26 51.47 44.30 60.00

West Darfur
State 28.25 22.45 35.67 25.45 13.68 41.07 28.60 23.18 34.19

West
Kourdofan

State
38.36 29.35 50.66 51.72 41.81 63.97 40.51 32.19 47.36

White Nile
State 46.54 39.32 54.17 53.17 42.13 66.45 51.77 45.21 59.03

Sudan 47.07 38.21 55.92 58.44 43.55 73.32 53.55 45.96 61.14

LCL and UCL: Lower and Upper Confidence Interval Limits.

3.2.2. Anemia

The prevalence of any anemia among women of reproductive age and children is
shown in Table 7. The level of anemia among non-pregnant women of reproductive age
for the whole of Sudan was high at 30%, and all 18 states had an anemia prevalence in
non-pregnant women of reproductive age at or above 20%. The Red Sea had the highest
prevalence at 46.36%, while Khartoum had the lowest prevalence at 19.88%. Similarly, the
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level of anemia among pregnant women was also high at 37%. In half of Sudan’s states, the
prevalence of anemia among pregnant women of reproductive age exceeds 40%, East and
central Darfur states had the highest prevalence at around 58.67% for both states. Among
children, about 48% in Sudan suffer from some anemia. Among the states, East Darfur had
the highest prevalence at 66.44%. Only one state, West Darfur, has a prevalence of anemia
of less than 40%; however, the other 17 states has a prevalence in excess of 40%.

Table 7. An estimation of median adjusted serum hemoglobin concentration (g/dL) and prevalence of any anemia (%)
among reproductive-age women (15–49 years of age) and their children.

States

Non-Pregnant Women Pregnant Women Children under Five

Anemia Anemia Anemia

Estimate 95%.LCL 95%.UCL Estimate 95%.LCL 95%.UCL Estimate 95%.LCL 95%.UCL

Al-Gadarif
State 30.27 23.48 38.09 28.24 16.84 40.26 50.92 42.87 57.34

Al-Gazeera
State 25.94 19.59 34.09 34.44 24.65 45.97 47.81 40.81 54.93

Blue Nile State 37.79 30.00 45.94 51.61 38.75 65.32 60.93 55.09 66.43

Central Darfur
State 36.36 29.09 44.96 58.33 46.82 71.26 45.25 37.32 54.45

East Darfur
State 40.28 33.16 47.68 58.67 43.92 75.26 66.44 60.05 73.71

Kassala State 39.25 32.37 47.64 46.05 31.73 62.94 52.82 47.53 58.67

Khartoum State 19.88 14.23 26.20 26.19 12.33 40.88 44.84 36.21 53.60

North Darfur
State 37.18 29.56 43.63 52.22 39.64 64.97 46.68 38.57 53.08

North
Kourdofan

State
30.58 24.93 36.24 38.67 27.13 51.68 51.49 45.71 56.92

Northern State 21.90 16.44 27.73 32.91 19.70 47.83 44.69 37.49 51.53

Red Sea State 46.36 39.43 53.37 44.00 28.19 61.79 54.96 46.96 61.25

River Nile State 34.48 27.12 43.92 23.19 11.49 39.40 55.58 47.75 62.18

Sennar State 31.73 25.73 38.77 25.21 16.03 35.12 50.15 44.76 55.52

South Darfur
State 31.87 24.72 40.28 41.56 28.56 54.13 41.44 34.35 48.91

South
Kourdofan

State
29.36 23.56 36.10 51.88 39.10 64.77 48.88 42.56 55.17

West Darfur
State 24.66 18.18 31.48 25.88 13.84 39.80 32.99 28.09 37.73

West
Kourdofan

State
24.61 17.47 32.52 35.40 24.03 49.23 40.20 32.38 48.33

White Nile
State 22.41 17.00 28.65 22.22 13.83 31.22 44.19 37.26 50.95

Sudan 29.66 22.62 36.69 36.61 23.89 49.32 48.09 41.08 55.09

LCL and UCL: Lower and Upper Confidence Interval Limits.

Based on the findings, the relative proportion of iron deficiency anemia (IDA) that
is due to iron deficiency is likely to be less than half among children under five years,
IDA was at 24% compare to iron deficiency prevalence of 54% nationally. Meanwhile,
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among women of reproductive age, IDA prevalence was 16% among non-pregnant and
21% among pregnant women compared to the iron deficiency prevalence of 47% among
non-pregnant and 58% among pregnant women.

3.2.3. Iodine Status

Generally, non-pregnant women of reproductive age in Sudan have adequate uri-
nary iodine concentration at 108 µ/L, which indicates that the non-pregnant women of
reproductive age in Sudan have an adequate iodine intake. However, this situation is
heterogeneous across the states, with 7 out of the 18 states having an adequate urinary
iodine concentration; Red Sea state has the highest concentration rate above requirements
at 258 µ/L. The other 10 states have a median urinary iodine concentration lower than
100 µg/L. Five states have iodine deficiency between 50 and 99 µ/L, such as Al-Gadarif,
North Kordofan, West Kordofan, Sennar, and South Darfur, and five other states have
iodine deficiency below 50 µ/L; Central Darfur, East Darfur, Northern Darfur, West Darfur,
and South Kordofan. On the other hand, the iodine status of lactating non-pregnant and
pregnant women of reproductive age in Sudan is insufficient; across the states, for instance,
the iodine status of lactating non-pregnant have insufficient iodine status (81.5 µ/L). Four-
teen states have the insufficient iodine level <100 µ/L, East Darfur (10.4 µg/L) having the
worst median urinary iodine concentration, while, Kassala, Khartoum, Northern and Red
Sea states have an adequate concentration. Similarly, the iodine status of pregnant women
of reproductive age in Sudan is insufficient at 101 µ/L. Findings show sixteen states have
insufficient iodine status <150 µ/L, only in Khartoum and Red Sea states, pregnant women
of reproductive age have an adequate iodine status (182 and 199 µ/L, respectively).

4. Discussion

This manuscript presents the micronutrient intake and prevalence among reproductive-
age women (15–49 years of age) and their children in Sudan based on the simple spatial
survey (S3M II). Knowing the intake and prevalence of micronutrients deficiency is crucial
for determining the overall nutrition status of the population and tracking the progress
of Sudan toward the Global Nutrition Targets with a focus on anemia. The findings pro-
vide information for health partners and policymakers about the population status of
micronutrient indicators and the need for ongoing monitoring and evaluation to improve
the nutrition of Sudan’s population to ensure evidence-based programming according to
the priority areas.

The consumption of iron-rich foods among reproductive-age women (15–49 years of
age) was relatively moderate at 66%; our observation regarding the intake of iron-rich foods
among reproductive-age women is consistent with other studies conducted in Brazil [15].
However, the iron deficiency among women of reproductive age was high. The prevalence
of iron deficiency was 47% among non-pregnant women of reproductive age and 58%
among pregnant women; a similar study from Pakistan showed that 62% of women had a
high prevalence of iron deficiency significantly associated with anemia [16]. This indicates
that iron deficiency is common among women of reproductive age in Sudan as a whole and
in all the states. These high prevalence rates were high enough to warrant being labeled as
iron deficiency, a public health problem in Sudan. Community awareness interventions
are highly encouraged to increase the iron and other minerals consumption from daily
available food; such as meat, fish, eggs, cereals, local fruits and green leafy vegetables.

Various determinants of anemia have been recognized in the literature, including
inadequate food intake, chronic disease, infections, poverty, high parity pregnancy, and
poor access to health services, in addition to genetic and environmental factors [16–20].
The prevalence of all types of anemia among women of reproductive age was high. Among
non-pregnant women, anemia prevalence was 30%. Anemia among pregnant women
is also concerning: about 37% had anemia; this prevalence of anemia in pregnancy was
consistent with data observed in two studies from Nigeria and Ethiopia [21,22]. Anemia
prevalence among children is at critical levels; 48% of children had anemia, the findings of
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a high prevalence of anemia among children in this survey are similar to the findings of
several studies in developing countries [23,24]. All 18 states had an anemia prevalence in
women of reproductive age above 20%. In children, 17 states have a prevalence in excess of
40%. Consequently, each of those 17 states can be classified as experiencing levels of severe
anemia that is of public health importance.

Reduction of anemia in women of reproductive age by 50% is a crucial target of
the Global Nutrition Targets that should be achieved by the end of this decade [25,26].
Anemia among non-pregnant women is increased slightly from 29% in 2012 to 30% in
2019. Similarly, anemia among pregnant women increased to 37% in 2019 comparing to
baseline values of 34% in 2012 [27]. Sudan still needs more efforts from the government
and stakeholders to achieve the Global Nutrition Targets through implementing strategies,
policies, and regulatory measures to address anemia and other forms of malnutrition.

Iodine deficiency is especially serious for pregnant and lactating women because
of the negative consequences for both mother and infant. The median urinary iodine
concentration (µg/L) of non-pregnant women of reproductive age in Sudan was adequate
at 108 µg/L. The iodine status for non-pregnant lactating women is much worse. Nation-
ally, the iodine status is suboptimal; likewise, the iodine status of pregnant women of
reproductive age is inadequate. A high prevalence of iodine deficiency in Sudan indicates
a critical issue; the salt iodization is not practiced equally across the country [28]. A study
was revealed that iodine concentration in salt in Red Sea state was high at 150–360 mg
iodine (KOI3)/kg salt, whereas those from White Nile State had low levels to detect;
the same study showed that consumption of Nile fish might have provided sufficient io-
dine [29]. This will not only affect women but also children; iodine deficiency is widespread
among pregnant women despite the implementation of iodine fortification interventions
in Africa [1].

5. Conclusions

Micronutrient deficiency is considered to be a public health problem in Sudan that
needs to be improved. Anemia in women of reproductive age and children showed high
prevalence. The situation was also similar to iron deficiency; it is considered a crucial prob-
lem in women of reproductive age, especially pregnant women and children. Therefore,
interventions that aim to improve the status of micronutrients among women and children
are highly recommended; Sudan needs more efforts to create an enabling environment
through legislation, policies, and strategies to strengthen the nutrition-sensitive and specific
interventions and to improve the status of micronutrients among women and children, to
focus on food fortification, micronutrients supplements, and counseling on micronutrients
intake for mothers during antenatal and postnatal services, as well as raising community
awareness about the importance of micronutrients intake for women and children. Improv-
ing access to safe drinking water, malaria control, and deworming will contribute to the
overall improvement of micronutrient status in the community. Stakeholders including the
government should take into consideration the variation in prevalence of micronutrients
deficiencies and culture differences in terms of food habits between states and localities to
prioritize the areas during planning and implementation of nutrition programs.
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