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Abstract

Background: Early childhood is an age at risk of anaemia and its deleterious consequences. In Sudan, there is
limited evidence on the prevalence and determinant of anaemia in under-five children. This study was conducted
in Sudan to assess the prevalence of anaemia in children and to identify its determinants.

Methods: We conducted a household survey involving children aged 6 months to 5 years in November 2016. A
representative population was sampled across rural, urban and camps settlements across 18 states in Sudan. We
used a pre-designed questionnaire data collection. Haemoglobin (Hb) level and malaria infection were checked. In
this cross-sectional study, we dichotomized the outcome variable and performed logistic regression analyses.

Results: A total of 3094 children under 5 years enrolled in the study, 1566 (50.6%) of them were female and 690
(22.3%) of them were under 2 years old. Anaemia prevalence in the whole cohort (6 months - < 5 years) was 49.4%
and the mean haemoglobin concentration was 108.1 (standard deviation (SD): 15.4) g/L. The prevalence in younger
(6 months - < 2 years) children (61.9%) was higher than in older (2 - < 5 years) children (45.6%) (p < 0.001). Severe
anaemia (Hb < 70 g/L) prevalence in the whole population was 1.6%. Age (Odds ratio (OR) 2.25, 95% confidence
interval (95%CI) 1.75–2.90, p < 0.001), type of place of residence (OR 0.37, 95%CI 0.18–0.74, p = 0.005), maternal
anaemia (OR 1.74, 95%CI 1.39–2.17, p < 0.001), and malaria infection (OR 2.82, 95%CI 1.56–5.11, p < 0.001) were the
identified predictors of anaemia in the whole cohort. In younger children, only the economic class was an anaemia
predictor, with a lower anaemia risk among the rich wealth class (OR 2.70, 95%CI 1.29–5.62, p = 0.008). However, in
older children, three anaemia predictors were identified. These are maternal anaemia (OR 1.79, 95%CI 1.40–2.28, <
0.001), malaria infection (OR 2.77, 95%CI 1.48–5.21, p = 0.002), and type of residency (where camps’ residents were
less likely affected with anaemia than rural children (OR 0.38, 95%CI 0.17–0.87, p = 0.022)).

Conclusions: About half of the under-5 children in Sudan are anaemic, with worse prevalence in younger children.
Efforts targeted at improving socio-economic status, decreasing maternal anaemia and childhood malaria infection
may mitigate this alarming trend.
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Background
Anaemia is a global public health problem. Being one of
the most affected population groups, more than 273
million school-age children are suffering from anaemia
over the world [1, 2]. Anaemia is associated with age,
gender, ethnicity, lower mother education, and low
house-hold wealth index [3–6]. It is also associated with
malaria and infections [3, 6]. While low-income countries
are the most affected, the social and economic impact of
anaemia is badly affecting such countries [6–8].
Anaemia is a preventable condition and its control

needs reliable data and continuous monitoring and
evaluation process at the country level to establish a
baseline, identify the barriers, develop sound interventions,
and assess the progress [9]. However, in Sudan national-
level anaemia prevalence survey is not frequently con-
ducted. Available data on anaemia in children is based on
small-scale research, health services reports, and estima-
tion. The most recently available nationally representative
prevalence data on childhood anaemia in Sudan, which
was obtained via selected states’ survey in 1995, revealed a
prevalence of more than 80% [10]. So, measuring the
population prevalence of anaemia and its determinants in
children will enable the country to update its figure as well
as to have a reliable estimation and a better understanding
of the problem. This study was conducted in Sudan to as-
sess the level of anaemia in children 6months to less than
5 years of age and to identify its determinants.

Methods
A cross-sectional study was conducted from data collected
during a household survey. Identifying the prevalence of
anaemia in children was a secondary objective of a malaria
indicator survey that took place in Sudan in November
2016.

Study settings
Sudan, the setting of this study, is a low-middle income
East African country with a total population of 39.2
million (projected from 2008 census), of whom, 32.7%
classified as urban residents [11, 12]. As a result of the
civil conflict, some areas in Darfurs, South Kordofan, and
Blue Nile states are facing instability and health services
accessibility problems. Consequently, a quite high propor-
tion (8%) of the country population are living in internally
displaced persons’ (IDPs) camps and experiencing a hard-
living condition. On top of that, the country is hosting
several refugee camps in many states. The under-five mor-
tality in Sudan is 68.4 per 1000 live births and the infant
mortality rate is 52 per 1000 live births. Despite the invest-
ment to improve the nutritional status, one-third of the
children under the age of 5 years are considered as under-
weight [13]. The 2012 malaria indicator survey showed a
malaria parasite prevalence of 3.3% with huge variation

between states [14]. Sudan was classified by the world
bank group as a low-income country with US$ 51.8 billion
GDP per capita as estimated for 2016 [15].

Sampling
With a multi-stage cluster sampling technique, the survey
covered all the 18 states of the country. Sample size calcu-
lation considered the rural/urban population ratio at state
levels as well as the population in camps. At the first stage,
a total of 509 clusters were identified for the whole coun-
try. Out of the total number of clusters calculated (509),
8% was allocated for camps based on their contribution to
the country’s population. Then camps’ clusters were
allocated to cover all the 8 IDPs camps and 4 randomly
selected refugees camps. The remaining clusters were dis-
tributed equally to states. Within each state allocated clus-
ters were distributed based on the rural/urban proportion.
In each cluster, 20 households were randomly selected.
And in each household, all the household members were
selected for the survey. For this study, data related to all
surveyed children between the age of 6 and 59months
were used in the study analysis.

Data collection tools and method
A structured pre-coded pre-tested questionnaire was used
for data collection by trained health personnel (see supple-
mentary material 1 and 2). A locally developed electronic
survey software was used. The survey software was prepared
with logical functions for data validation. The survey ques-
tionnaire was then uploaded into electronic-web-based data
collection tools (personal data assistants (PDAs)). Survey
data was attained from the household head whereas data
related to the children were obtained from their mothers/
guardian. Under asepsis condition, capillary blood samples
were taken in the field by laboratory technicians from
children and their mothers to be examined for their haemo-
globin level as well as malaria infection. Haemoglobin level
was measured in the field using a battery-operated device
(HemoCue® 301+ analyser). Malaria infection was assessed
using malaria rapid diagnostic test (RDT) - Plasmodium
falciparum/vivax specific histidine-rich protein II (SD BIO-
LINE Malaria Ag Pf/Pv® from STANDARD DIAGNOSTICS
INC/ SD). Study participants were informed with study ob-
jectives, processes and procedures and were assured of their
full rights to participate/quit from the study. Based on their
voluntary acceptance of participation in the study, written
informed consent was taken from study participants and
households’ heads. Ethical clearance for this study was
obtained from the national ethical and technical review
board at the Sudan Federal Ministry of Health.

Variables
The outcome (dependant variable) of this study is
anaemia in children aged 6 to 59months (dichotomized
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as anaemic / not anaemic). The WHO haemoglobin level
reference value of less than 110 g/L was used to
categorize children and their pregnant mothers as
anaemic. In non-pregnant mothers, haemoglobin cut off
value of < 120 g/L was used to define anaemia. Severe
anaemia in children under 5 years was considered when
the haemoglobin level was less than 70 g/L [16, 17].
Independent variables, used in this study in categories,
include age, gender, type of place of residence, mother
education, mother pregnancy status, maternal anaemia,
size of the household, wealth status, child has health
insurance, tendency of mother to listen to the radio,
source of drinking water, type of sanitation facility,
history of fever in the last 2 weeks before the survey day,
malaria infection, and level of malaria transmission of
the settlement area.

Analysis
IBM SPSS version 21 was used for data analysis. Data
were analysed and presented by disaggregating children
into two age groups; younger children (of 6 months to
less than 2 years) and older children (of 2 to less than 5
years). Anaemia prevalence was described in percentages
and the mean haemoglobin level was given (with its
standard deviation (SD)) for the different variables for
the two age groups as well as for the overall cohort.
Statistical differences at a significant p.value of less than
0.05 were assessed using Chi-square test for anaemia
prevalence and T-test (ANOVA) for mean haemoglobin
level. The magnitude of anaemia problem was classified
based on prevalence into mild public health problem (5–
19.9%), moderate public health problem (20–39.9%), and
severe public health problem (≥40%) [2]. To determine
the malaria parasite prevalence, study investigators
assessed parasite infection using RDT in children 2 to
less than 10 years of the population [18, 19]. States of
the country were classified, based on its level of malaria
parasite prevalence, as areas of low- (< 10%), moderate-
(10- < 50%), or high-malaria transmission (50% or more)
[18, 19]. Based on this classification, all states fell under
either low or moderate malaria transmission categories.
The wealth status of the households was calculated using
the principal component analysis (PCA) based on house-
hold ownership of durable goods, living condition, and
education level of the household head, which then trans-
lated into wealth index. The wealth index was thereafter
disaggregated into 5 equal quintiles where the lowest
quintile denotes for the poorest and the highest quintile
denotes for the richest [20].
Then, three logistic regression models were developed

to identify determinants of anaemia; the first for the
whole cohort (6 months to less than 5 years), the second
for the 6 months to less than 2 years age group, and the
third for the 2 to under 5 years age group. Anaemia

status (anaemia status =1 if the child was anaemic and 0
otherwise) was used as the study outcome. Backward
stepwise (likelihood ratio) logistic regression models
were built. The models were developed through the
entry of all variables that showed a statistically signifi-
cant level of < 0.1 p. value in any one of the two age
groups or the whole cohort [21]. Results were presented
in terms of odds ratios (OR) together with its 95% confi-
dence intervals (95%CI) and p. values. P. value of < 0.05
was considered statistically significant.

Results
This study included a total of 3094 children between the
age of 6 months and less than 5 years with 690 (22.3%)
children in the age group of 6 months to less than 2
years. The average household size was 5.5 (SD 2.1)
members, and girls represent 50.6% (1566) of the total
sample. More details about the characteristics of the
study population are given in Table 1.

Anaemia prevalence and risk factors in 6months to under
5 years old children
Tables 2 and 3 show the prevalence of anaemia and the
mean haemoglobin level disaggregated by age groups
and variables of this study. Overall, both anaemia preva-
lence (49.4%) and severe anaemia prevalence (1.6%) in
Sudanese preschool children were relatively high. The
average haemoglobin level (108.1 g/L (SD 15.4)) was
below the cut off level for anaemia. The variation in an-
aemia prevalence between states (range 33.6 to 61.2%
(p < 0.001)) (Fig. 1) was noticed with similar feature seen
for severe anaemia (range: 0.0 and 7.6% (p < 0.001)).
There were no statistically significant variations in an-
aemia prevalence (p = 0.076) as well as in severe anaemia
prevalence (p = 0.130) between rural, urban, and camps
residents (Table 2). The prevalence of anaemia was
higher in the age group of 6 months to less than 2 years
compared to the older age group (p < 0.001) (Table 3).
The trend of higher anaemia prevalence in the younger
age group (6 months to < 2 years) was prominent across
the majority of the variables in this study. Results also
showed that severe anaemia was highly prevalent among
children with malaria infection (7.9%) than those with-
out malaria infection (1.3%) (p < 0.001), among children
living in moderate malaria transmission areas (3.0%)
than those in low transmission areas (1.3%) (p = 0.008),
and in children with a history of fever (3.6%) than those
without (1.0%) (p < 0.001).
The logistic regression model (Table 4) demonstrated

the relationship between anaemia and age with the
young children being more prone to anaemia (OR 2.25,
95%CI 1.75–2.90, p < 0.001). The model identified the
type of place of residence as a predicting factor of an-
aemia (p = 0.010), a relationship that was not established
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through the initial binary analysis. The odds ratio was in
favour of low anaemia in the camps’ children compared
to the rural (OR 0.37, 95%CI 0.18–0.74, p = 0.005).

Anaemia prevalence and risk factors in young children
The prevalence of anaemia in this age group was high
(61.9%), with no statistically significant difference in

Table 1 Characteristics of the study population

Variables Younger children
(6 months - < 2 years)

Older children
(2 - < 5 years)

Total population
(6 months - < 5 years)

Sudan n (%) 690 (22.3) 2404 (77.7) 3094

Area classification Rural n (%) 494 (22.6) 1692 (77.4) 2186

Urban n (%) 151 (21.7) 545 (78.3) 696

Camps n (%) 45 (21.2) 167 (78.8) 212

Gender Male n (%) 325 (21.3) 1203 (78.7) 1528

Female n (%) 365 (23.3) 1201 (76.7) 1566

Mother educational level No formal education n (%) 177 (24.4) 547 (75.6) 724

Primary education n (%) 201 (23.0) 673 (77.0) 874

Secondary education n (%) 57 (21.7) 206 (78.3) 263

Above secondary education n (%) 28 (24.8) 85 (75.2) 113

Mother frequently listen
to the radio

No n (%) 330 (23.3) 1086 (76.7) 1416

Yes n (%) 130(22.8) 440 (77.2) 570

Drinking water source Piped source to house OR bottled
water

n (%) 82 (21.6) 298 (78.4) 380

Piped source to public area n (%) 231 (23.1) 771(76.9) 1002

Open source n (%) 349 (22.1) 1230 (77.9) 1579

Sanitation facility type Safe sanitation facility n (%) 93 (22.2) 326 (77.8) 419

Unsafe sanitation facility n (%) 347 (21.1) 1299 (78.9) 1646

Unsafe sanitation - open defecation n (%) 238 (24.4) 739 (75.6) 977

Size of the household Less than 7 persons n (%) 510 (22.5) 1754 (77.5) 2264

7 persons or more n (%) 180 (21.7) 650 (78.3) 830

Wealth quintiles Lowest n (%) 158 (23.9) 502 (76.1) 660

Second n (%) 148 (22.3) 515 (77.7) 663

Middle n (%) 142 (22.4) 491 (77.6) 633

Fourth n (%) 131 (20.7) 502 (79.3) 633

Highest n (%) 111 (22.0) 394 (78.0) 505

Child has health insurance No health insurance n (%) 565 (23.9) 1796 (76.1) 2361

Has health insurance n (%) 125 (17.1) 608 (82.9) 733

Pregnancy status of the mother Mother not pregnant n (%) 419 (25.8) 1208 (74.2) 1627

Mother pregnant n (%) 34 (11.1) 271(88.9) 305

Anaemia status of the mother Mother not anaemic n (%) 276 (25.6) 801 (74.4) 1077

Mother anaemic n (%) 103 (19.5) 425 (80.5) 528

Child had fever in the last 2
weeks

No fever n (%) 486 (20.3) 1913 (79.7) 2399

With fever n (%) 195 (29.1) 474 (70.9) 669

Child malaria test Negative n (%) 636 (21.9) 2270 (78.1) 2906

Positive n (%) 18 (11.9) 133 (88.1) 151

Level of malaria transmission Moderate transmission
(PR2–10 = 10- < 50%)

n (%) 117 (21.0) 441 (79.0) 558

Low transmission (PR2–10 = < 10%) n (%) 573 (22.6) 1963 (77.4) 2536

n: frequency
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Table 2 Anaemia prevalence and haemoglobin level of 6 months to under 5 years old children by age groups, states, and type of
place of residence, Sudan, 2016

Variables Anaemia
prevalence in
6months to
under 2 years

Anaemia
prevalence in
2 to under
5 years

p. value Anaemia
prevalence
(overall)

Severe
anaemia
prevalence
(overall)

N

Mean
haemoglobin
(g/L)

Sudan Frequency 427/690 1096/2404 – 1523/3094 50/3094 3094

% 61.9% 45.6% < 0.001 49.2% 1.6% 108.1 (15.4)

States

Northern Frequency 16/22 39/81 – 55/103 1/103 103

% 72.7% 48.1% 0.040 53.4% 1.0% 107.4 (12.8)

River Nile Frequency 17/28 60/107 – 77/135 2/135 135

% 60.7% 56.1% 0.659 57.0% 1.5% 106.0 (15.7)

Red Sea Frequency 4/9 19/54 – 23/63 0/63 63

% 44.4% 35.2% 0.593 36.5% 0.0% 108.2 (13.5)

Kassala Frequency 30/52 109/190 – 139/242 4/242 242

% 57.7% 57.4% 0.967 57.4% 1.7% 105.1 (15.5)

Gedarif Frequency 29/38 68/146 – 97/184 2/184 184

% 76.3% 46.6% 0.001 52.7% 1.1% 108.7 (15.2)

Khartoum Frequency 32/40 70/131 – 102/171 3/171 171

% 80.0% 53.4% 0.003 59.6% 1.8% 104.6 (15.1)

Gezira Frequency 37/48 52/122 – 89/170 0/170 170

% 77.1% 42.6% < 0.001 52.4% 0.0% 108.2 (12.3)

White Nile Frequency 22/37 55/114 – 77/151 3/151 151

% 59.5% 48.2% 0.236 51.0% 2.0% 107.0 (14.4)

Sinnar Frequency 31/38 62/114 – 93/152 4/152 152

% 81.6% 54.4% 0.003 61.2% 2.6% 103.8 (14.2)

Blue Nile Frequency 36/44 68/163 – 104/207 3/207 207

% 81.8% 41.7% < 0.001 50.2% 1.4% 107.9 (15.4)

North Kordofan Frequency 23/48 60/150 – 83/198 1/198 198

% 47.9% 40.0% 0.333 41.9% 0.5% 110.2 (14.1)

South Kordofan Frequency 22/43 72/151 – 94/194 2/194 194

% 51.2% 47.7% 0.687 48.5% 1.0% 108.7 (14.1)

West Kordofan Frequency 16/29 43/98 – 59/127 1/127 127

% 55.2% 43.9% 0.284 46.5% 0.8% 109.8 (15.7)

North Darfur Frequency 26/50 59/203 – 85/253 1/253 253

% 52.0% 29.1% 0.002 33.6% 0.4% 114.4 (14.7)

West Darfur Frequency 28/59 51/138 – 79/197 2/197 197

% 47.5% 37.0% 0.168 40.1% 1.0% 111.2 (13.6)

South Darfur Frequency 28/57 85/206 – 113/263 6/263 263

% 49.1% 41.3% 0.298 43.0% 2.3% 109.5 (17.4)

Central Darfur Frequency 17/30 62/127 – 79/157 12/157 157

% 56.7% 48.8% 0.439 50.3% 7.6% 105.4 (20.2)

East Darfur Frequency 13/18 62/109 – 75/127 3/127 127

% 72.2% 56.9% 0.220 59.1% 2.4% 105.6 (16.2)

p. value* < 0.001 < 0.001 – < 0.001 < 0.001 < 0.001
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prevalence between boys and girls (p = 0.290) (Table 3).
Anaemia status was not found to vary statistically with
the mother level of education nor with the mother ten-
dency to listen to the radio. Anaemia in children in this
age group was not affected by the pregnancy status of
their mothers as well. On the other hand, anaemia in
early childhood was higher (p = 0.047) among children
of anaemic mothers (70.9%) compared to those of non-
anaemic mothers (59.8%). Neither the household size
nor the health insurance status of the children tended to
affect the anaemia prevalence among this age group.
The anaemia prevalence across the different economic
classes varies with higher prevalence in the richest
(62.2%) compared to the poorest (56.3%) classes in the
younger children. Anaemia was neither found to statisti-
cally vary by different sources of drinking water (p =
0.843) nor by various types of sanitation facility used
(p = 0.293). As well, no statistical difference was found
between anaemia and children’s history of fever in the
last 2 weeks (p = 0.787), malaria infection (p = 0.734), or
level of malaria transmission (p = 0.588).
The economic classification was found as a predicting

factor of anaemia (p = 0.003; Table 4) with a higher risk
of anaemia in the second richest class compared to the
poorest class in the younger age group (OR 2.70, 95%CI
1.29–5.62, p = 0.008). The model showed that all other
variables in this study are not predictors of anaemia in
children less than 2 years.

Anaemia prevalence and risk factors in older children
In children of the age group of 2 to less than 5 years old,
anaemia prevalence was relatively high (45.6%), with
variation in prevalence between boys (48.2%) and girls
(43.0%) (p = 0.010) (Table 3). There was no statistically
significant difference in anaemia prevalence concerning
mother education, mother listening to the radio, or maternal

pregnancy status. But the prevalence of anaemia was higher
(p < 0.001) in children whose mothers were anaemic (55.1%)
compared to the children whose mothers were not (40.9%).
Variation in economic variables included in this study (size
of the household (p = 0.255), having health insurance for the
child (p = 0.057), and economic class (p = 0.203)) was not
found to affect the anaemia prevalence in this age category.
Anaemia prevalence in older children did not differ
significantly by variations in access to safe sources of
drinking water (p = 0.274), however, it was higher
(p = 0.008) in children whose families had access to
unsafe sanitation (49.3%) and those who used open
defecation areas (44.8%) compared to those who had
access to safe sanitation facilities (39.3%). No meaning-
ful difference was found in anaemia prevalence among
children with fever and those without fever in the last 2
weeks before the survey (p = 0.119), and among older chil-
dren who live in low malaria transmission areas compared
to those living in moderate malaria transmission areas
(p = 0.920). A higher level of anaemia prevalence was
noticed (p < 0.001) among older children with malaria
infection (66.9%) compared to those who had no malaria
infection (44.4%).
The type of place of residence was identified as

anaemia predictor in older children (p = 0. 032) in the
model (Table 4), where the OR was indicative of lower
anaemia burden in camps residents compared to rural
population (OR 0.38, 95%CI 0.17–0.87, p = 0.022). The
model also showed that anaemia in older children was
predicted by maternal anaemia, where older children of
anaemic mothers were more likely to be anaemic (OR
1.79, 95%CI 1.40–2.28, < 0.001). Malaria infection was
found as a predictor of anaemia (p = 0.001) with older
children with malaria infection being at a higher risk of
anaemia than those without malaria infection (OR 2.77,
95%CI 1.48–5.21, p = 0.002).

Table 2 Anaemia prevalence and haemoglobin level of 6 months to under 5 years old children by age groups, states, and type of
place of residence, Sudan, 2016 (Continued)

Variables Anaemia
prevalence in
6months to
under 2 years

Anaemia
prevalence in
2 to under
5 years

p. value Anaemia
prevalence
(overall)

Severe
anaemia
prevalence
(overall)

N

Mean
haemoglobin
(g/L)

Area classification

Rural Frequency 308/494 795/1692 – 1103/2186 33/2186 2186

% 62.3% 47.0% < 0.001 50.5% 1.5% 107.9 (15.2)

Urban Frequency 96/151 231/545 – 327/696 10/696 696

% 63.6% 42.4% < 0.001 47.0% 1.4% 108.6 (15.2)

Camp Refugees Frequency 23/45 70/167 – 93/212 7/212 212

% 51.1% 41.9% 0.270 43.9% 3.3% 109.0 (18.0)

p. value* 0.295 0.106 – 0.076 0.130 0.389

N: total number of cases included in the analysis
* p. value for categorical data (anaemia) is calculated based on Chi-square test and for continuous data (haemoglobin level) is based on ANOVA test
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Table 3 Anaemia prevalence and haemoglobin level of 6 months to under 5 years old children by age groups risk factors, Sudan, 2016

Variables Anaemia
prevalence
in 6months
to under
2 years

Anaemia
prevalence
in 2 to under
5 years

p. value Anaemia
prevalence
(overall)

Severe
anaemia
prevalence
(overall)

N

Mean
haemoglobin
(g/L)

Personal factors Age group

6 months - < 2 years Frequency NA NA NA 427/690 10/690 690

% NA NA NA 61.9% 1.4% 104.8 (14.5)

2 - < 5 years Frequency NA NA NA 1096/2404 40/2404 2404

% NA NA NA 45.6% 1.7% 109.1 (15.5)

p. value* NA NA NA < 0.001 0.694 < 0.001

Gender

Male Frequency 215/325 580/1203 – 795/1528 32/1528 1528

% 66.2% 48.2% < 0.001 52.0% 2.1% 107.3 (16.1)

Female Frequency 212/365 516/1201 – 728/1566 18/1566 1566

% 58.1% 43.0% < 0.001 46.5% 1.1% 109.0 (14.7)

p. value* 0.290 0.010 – 0.002 0.045 0.002

Education factors Mother educational level

No formal education Frequency 112/177 270/547 – 382/724 10/724 724

% 63.3% 49.4% 0.001 52.8% 1.4% 107.2 (14.5)

primary education Frequency 127/201 311/673 – 438/874 7/874 874

% 63.2% 46.2% < 0.001 50.1% 0.8% 108.1 (14.4)

secondary education Frequency 35/57 91/206 – 126/263 3/263 263

% 61.4% 44.2% 0.021 47.9% 1.1% 108.5 (14.1)

above secondary
education

Frequency 17/28 34/85 – 51/113 1/113 113

% 60.7% 40.0% 0.056 45.1% 0.9% 110.2 (14.0)

p. value* 0.988 0.298 – 0.315 0.725 0.141

Mother frequently listen
to the radio

No Frequency 205/330 510/1086 – 715/1416 17/1416 1416

% 62.1% 47.0% 0.001 50.5% 1.2% 107.2 (14.5)

Yes Frequency 83/130 205/440 – 288/570 5/570 570

% 63.8% 46.4% < 0.001 50.5% 0.9% 108.1 (14.4)

p. value* 0.731 0.895 – 0.990 0.641 0.867

Maternal factors Pregnancy status of the
mother

Mother not pregnant Frequency 260/219 556/1208 – 816/1627 19/1627 1627

% 62.1% 46.0% < 0.001 50.2% 1.2% 108.0 (14.6)

Mother pregnant Frequency 22/34 131/271 – 153/305 2/305 305

% 64.7% 48.3% 0.072 50.2% 0.7% 108.4 (13.5)

p. value* 0.759 0.490 – 0.997 0.560 0.649

Anaemia status of the
mother

Mother not anaemic Frequency 165/276 328/801 – 493/1077 12/1077 1077

% 59.8% 40.9% < 0.001 45.8% 1.1% 109.0 (14.3)

Mother anaemic Frequency 73/103 234/425 – 307/528 6/528 528

% 70.9% 55.1% 0.004 58.1% 1.1% 105.8 (14.2)

p. value* 0.047 < 0.001 – < 0.001 1.000 < 0.001
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Table 3 Anaemia prevalence and haemoglobin level of 6 months to under 5 years old children by age groups risk factors, Sudan, 2016
(Continued)

Variables Anaemia
prevalence
in 6months
to under
2 years

Anaemia
prevalence
in 2 to under
5 years

p. value Anaemia
prevalence
(overall)

Severe
anaemia
prevalence
(overall)

N

Mean
haemoglobin
(g/L)

Economic factors Size of the household

Less than 7 persons Frequency 315/510 812/1754 – 1127/2264 35/2264 2264

% 61.8% 46.3% < 0.001 49.8% 1.5% 107.9 (15.4)

7 persons or more Frequency 112/180 284/650 – 396/830 15/830 830

% 62.2% 43.7% < 0.001 47.7% 1.8% 109.0 (15.4)

p. value* 0.913 0.255 – 0.308 0.610 0.079

Wealth quintiles

Lowest Frequency 89/158 241/502 – 330/660 14/660 660

% 56.3% 48.0% 0.068 50.0% 2.1% 107.3 (16.4)

Second Frequency 79/148 244/515 – 323/663 13/663 663

% 53.4% 47.4% 0.198 48.7% 2.0% 108.0 (15.3)

Middle Frequency 95/142 208/491 – 303/633 11/633 633

% 66.9% 42.4% < 0.001 47.9% 1.7% 108.8 (16.0)

Fourth Frequency 95/131 236/502 – 331/633 5/633 633

% 72.5% 47.0% < 0.001 52.3% 0.8% 107.9 (14.2)

Highest Frequency 69/111 167/394 – 236/505 7/505 505

% 62.2% 42.4% < 0.001 46.7% 1.4% 108.8 (15.0)

p. value* 0.006 0.203 – 0.363 0.343 0.356

Child has health insurance

No health insurance Frequency 344/565 839/1796 – 1183/2361 39/2361 2361

% 60.9% 46.7% < 0.001 50.1% 1.7% 107.7 (15.4)

Has health insurance Frequency 83/125 257/608 – 340/733 11/733 733

% 66.4% 42.3% < 0.001 46.4% 1.5% 109.5 (15.3)

p. value* 0.251 0.057 – 0.078 0.868 0.008

Hygienic factors Drinking water source

piped source to house
OR bottled water

Frequency 53/82 127/298 – 180/380 5/380 380

% 64.6% 42.6% < 0.001 47.4% 1.3% 109.2 (16.0)

piped source to public area Frequency 141/231 369/771 – 510/1002 18/1002 1002

% 61.0% 47.9% < 0.001 50.9% 1.8% 107.6 (15.2)

open source Frequency 215/349 559/1230 – 774/1579 25/1579 1579

% 61.6% 45.4% < 0.001 49.0% 1.6% 108.1 (15.3)

p. value* 0.843 0.274 – 0.446 0.807 0.199

Sanitation facility type

safe sanitation facility Frequency 60/93 128/326 – 188/419 5/419 419

% 64.5% 39.3% < 0.001 44.9% 1.2% 109.0 (15.6)

unsafe sanitation facility Frequency 222/347 582/1299 – 804/1646 28/1646 1646

% 64.0% 44.8% < 0.001 48.8% 1.7% 108.4 (15.3)

unsafe sanitation - open
defecation

Frequency 138/238 364/739 – 502/977 17/977 977

% 58.0% 49.3% 0.019 51.4% 1.7% 107.4 (15.8)

p. value* Frequency 0.293 0.008 – 0.079 0.735 0.140
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Discussion
We showed that childhood anaemia is highly prevalent
in Sudan and about 8% higher than the global prevalence
[2]. The problem is severely affecting children resident
in rural, urban, and camps areas. There is a noticeable
variation in anaemia prevalence between the younger
and the older age groups. The study estimated the level
of severe anaemia as well. Findings of this study identi-
fied the role of age, type of place of residence, maternal
anaemia, and malaria infection as anaemia determinants
in children between the age of 0.5 to < 5 years. However,
different determinants of anaemia were identified for the
different age categories. In young children (0.5 to < 2
years), only the economic status was found as a determin-
ant of anaemia. On the other hand, the identified determi-
nants in older children (2 - < 5 years) are the type of place
of residence, maternal anaemia, and malaria infection.
The prevalence of anaemia in Sudan is higher than the

global and regional estimates for under 5 years old chil-
dren [2]. The 59% WHO estimation of the anaemia
prevalence among children in Sudan is slightly higher
than the findings of this study. However, this WHO esti-
mation was for the former Sudan which included the

population of the current South Sudan country [2]. Data
from Sudan on anaemia prevalence in children is lim-
ited. A previous study in a rural area conducted in 2011
in the Northern state showed 80% prevalence of anaemia
among pre-school children [22]. Data from the 1995
household survey that covered 6 states of the country,
identified anaemia prevalence to range from 82 to 92%
in preschool children [10]. The declining trend in an-
aemia in Sudan based on these comparison needs to be
looked at cautiously, since studies’ methodology, cover-
age and targeted population are different. Preschool chil-
dren in Ethiopia are also suffering from a similarly high
level of anaemia (56%) [23].
In Sudan and as this study showed, the prevalence of

severe anaemia in the whole cohort of 1.6% is at a level
similar to the global estimate of 1.5% [1]. Findings from
a hospital-based study in Sudan showed that severe an-
aemia among children under 18 years old was 7.8% [24].
This situation urges for action. The higher prevalence of
severe anaemia, identified in this study, in children with
a history of fever, in children living in a malaria area,
and in children with malaria infection could indicate the
effect of malaria control, and probably other infections

Table 3 Anaemia prevalence and haemoglobin level of 6 months to under 5 years old children by age groups risk factors, Sudan, 2016
(Continued)

Variables Anaemia
prevalence
in 6months
to under
2 years

Anaemia
prevalence
in 2 to under
5 years

p. value Anaemia
prevalence
(overall)

Severe
anaemia
prevalence
(overall)

N

Mean
haemoglobin
(g/L)

Malaria and
infection factors

Child had fever in the
last 2 weeks

No fever Frequency 302/486 856/1913 – 1158/2399 25/2399 2399

% 62.1% 44.7% < 0.001 48.3% 1.0% 108.6 (14.7)

With fever Frequency 119/195 231/474 – 350/669 24/669 669

% 61.0% 48.7% 0.004 52.3% 3.6% 106.7 (17.7)

p. value* 0.787 0.119 – 0.064 < 0.001 0.004

Child malaria test

Negative Frequency 399/636 1007/2270 – 1406/2906 38/2906 2906

% 62.7% 44.4% < 0.001 48.4% 1.3% 108.5 (15.2)

Positive Frequency 12/18 89/133 – 101/151 12/151 151

% 66.7% 66.9% 0.983 66.9% 7.9% 101.0 (18.9)

p. value* 0.734 < 0.001 – < 0.001 < 0.001 < 0.001

Level of malaria
transmission

Moderate transmission
(PR2–10 = 10- < 50%)

Frequency 75/117 202/441 – 277/558 17/558 558

% 64.1% 45.8% < 0.001 49.6% 3.0% 107.5 (16.5)

Low transmission
(PR2–10 = < 10%)

Frequency 352/573 894/1963 – 1246/2536 33/2536 2536

% 61.4% 45.5% < 0.001 49.1% 1.3% 108.3 (15.2)

p. value* 0.588 0.920 – 0.828 0.008 0.244

N: total number of cases. NA Not applicable
* p. value for categorical data (anaemia) is calculated based on Chi-square test and for continuous data (haemoglobin level) is based on ANOVA test
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control, on severe anaemia prevention. Nevertheless,
severe anaemia is a complex situation that involved
many interplaying factors, a situation that needs syner-
gistically working multi-approach actions for its control
[25]. Such approaches include disease control, nutri-
tional, and socio-economic interventions.
As Prieto-Patron showed from analysis of 52 Demo-

graphic Health Surveys in low and low-middle income
countries, anaemia prevalence in children under 2 years old
was shown to be 70% [5] which is not too far from the
prevalence of 61.9% in this age group in this study. The
present study showed a higher risk of anaemia in young
children (6–23months) than in the older children (2- < 5
years) which is supported by others’ findings [3, 7, 26, 27].
From these pieces of evidence, it is clear that the under 5
years old age group is not homogenous in regards to an-
aemia. So, anaemia prevalence, risk factors and interventions
need to be addressed by disaggregating the age of children
into two or more age groups. The variation in anaemia
causes according to age is also reinforcing this recommen-
dation [4]. However, results in this study may be influenced
by the larger sample size of the 2 to < 5 years age group
which dominated the findings of the overall cohort.

While the model analysis in this study showed no
determination role of gender on anaemia, the role of
gender as an anaemia determinant was well documented
in many other studies in under 2 years old children
which showed a higher risk among boys [3, 5, 28, 29].
The prevalence of anaemia of 43.9% in under 5 years

old camps residents in this study looks similar to IDPs
(41%) [30] and refugees (47%) [31] camps elsewhere in
the same age group. Type of place of residence was
found in this study as a predictor of anaemia in the chil-
dren in the age group of 2 - < 5 years of age, with camps
residents being at a lower risk of anaemia. Evidence from
other studies showed no rural/urban variations [3, 5, 6]
just like the findings in this study.
From previous studies, findings demonstrated that

children of educated mothers are at lower risk of anaemia
[3, 5, 6, 23]. However, our study did not prove this rela-
tionship between children’s mother level of education or
access to education facilities (e.g. listening to the radio)
and anaemia. Likewise, childhood anaemia relationship
with pregnancy status of their mothers was not established
in this study. On the other hand, this study showed that
anaemia in the whole cohort and children between the

Fig. 1 Anaemia prevalence in preschool children by age and states in Sudan, 2016
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age of 2 and under 5 years is predicted by maternal
anaemia. Such a relationship was documented in pre-
vious studies but rather in young children (6 to 23
months) [5, 6].
Relationship between anaemia and economic status as

a predictor is well established. Anaemia is more preva-
lent in low-income countries than in middle-income
countries [6, 7]. A family with a large number of house-
hold members could compete in available resources
including food, but could also contribute to increasing
the household income. However, this study and other re-
search [5] found no association between anaemia and
household size. Nonetheless, a higher risk of anaemia in
children has previously been reported among families
with more children [5]. On the other hand, the eco-
nomic status of the family was identified as a risk factor
for anaemia in children under 2 years old, where the
poorest were at higher risk of anaemia [3, 5–7]. The
same result was obtained in this study for this age group.
Why the wealth index effect on anaemia was only on
younger children rather than on the older ones is not
clear. The status of having health insurance for children
was not associated with anaemia as this study demon-
strated. However, the role of health insurance could be
indirect via reducing the out of pocket expenditure
and hence contributing to reducing poverty and its
consequences.
Soil-transmitted helminths and schistosomiasis are

known causes of anaemia [32, 33]. These infections are
linked with access to safe water and sanitation as well as
poverty [34, 35]. However, this study did not establish
any association between anaemia and access to safe
water and sanitation services in Sudan. This may be due
to the low and focal prevalence of these infections in
Sudan [35].
Fever is a strong indicator of inflammation and infec-

tion. Studies conducted in Uganda and Cameroon found
that children with a history of fever were at higher risk
of being anaemic [26, 36]. This is also supported by an
analysis of 52 Demographic Health Surveys in low and
low-middle income countries including Africa [5]. Since
the present study did not predict such effect of history
of fever on anaemia, the possibility of non-infectious
causes of anaemia in Sudan needs to be well elaborated.
Malaria is known to cause anaemia through different

mechanisms that include a decrease in erythrocytes pro-
duction or an increase in erythrocytes loss or both [6].
Malaria related anaemia is more prominent in moderate
to high transmission areas where individuals are exposed
to a high rate of infectious mosquito bites per year [37].
Results of this study demonstrated the link between mal-
aria infection as a predicting factor for anaemia, especially
in older children, with children with malaria infection be-
ing at higher risk of anaemia. This link is well established

[3, 30, 36]. Nonetheless, this association was not evident
in under 2 years old children in this study. On the other
hand, such a link between anaemia and levels of malaria
transmission was not identified in this study. This could
be justified within its context that the population of Sudan
are living in seasonal low to moderate malaria transmis-
sion areas [38] and thus the mechanism of anaemia here
could be related to processes related to acute malaria ra-
ther than exposure to repeated infections.

Conclusions
Around half of the children under the age of 5 years in
Sudan are anaemic, with worse prevalence in children
under 2 years old. Variation in anaemia prevalence
between states and in younger and older children was
noticed. Different anaemia predictors were identified in
the two age groups. While only economic factor was
identified as a predictor of anaemia in young children,
predictors in older children included the place of resi-
dence, maternal anaemia and malaria infection.
As a severe public health problem, the situation of

anaemia in Sudan calls for urgent interventions. Efforts
targeted at improving socio-economic status, decreasing
maternal anaemia and childhood malaria infection may
contribute to reducing the magnitude of the problem. Since
the problem of childhood anaemia and its risk factors vary
with age, the need to have different age categories to ad-
dress the problem and its interventions might be of value.
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