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Abstract: Severe acute undernutrition (SAU) is still a crucial global health issue in the 0–59 months
population, increasing the risk of mortality as well as of long-term consequences. In Sudan, 3.3 million
children suffered from acute malnutrition between 2018 and 2019. This study was planned to evaluate,
in the area of Port Sudan, the prevalence of acute undernutrition after the COVID-19 pandemic and to
identify the most important factors favoring the development of acute undernutrition. The available
clinical records of all the under-five children (n = 1012) admitted to the Port Sudan Emergency
Pediatric Hospital from 1 February 2021 to 31 January 2022 were analyzed. The presence of wasting
and kwashiorkor was assessed and children were categorized according to age, gender, place of
residence, main reason for hospitalization, and underlying comorbidities. Acute undernutrition
was evidenced in 493 (48.7%) children. Of them, only 16 (3.2%) were diagnosed with kwashiorkor.
Children with SAU had a higher prevalence of acute gastroenteritis (p < 0.05) and parasitosis (p < 0.05).
Infants aged 0–6 months were those with the lowest risk of undernutrition, whereas those aged 7–12
months were those with the greater risk. In these patients, multivariate analysis revealed that SAU
and MAU were 2.5 times (OR 2.51; 95% CI, 1.79–3.55) and 5.5 times (OR 5.56; 95% CI, 2.59–18.7) higher.
This study shows that the area of Port Sudan is still suffering from an alarming prevalence of severe
wasting and the risk of developing acute undernutrition seems strictly related to the introduction of
complementary feeding and tends to reduce with increasing age. Measures already in place to prevent
acute malnutrition should be reinforced with improvement of mother education on child feeding.
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1. Introduction

Good nutrition is essential for children’s survival and ability to achieve their full
potential in terms of physical and mental growth [1]. Undernutrition in the first 1000 days
of life may lead to severe developmental problems that may significantly reduce quality of
life, increase the need for frequent medical visits and hospital admissions, and cause early
death. Recent epidemiological evaluations have shown that around 45% of global deaths
of children aged 0–5 years were linked to undernutrition [2]. Addressing undernutrition
during the first 1000 days requires a multifaceted approach that involves improving mater-
nal nutrition, promoting exclusive breastfeeding, ensuring access to nutritious foods, and
providing healthcare and nutritional education to mothers and caregivers [2]. Investing in
interventions during this critical window of opportunity can have significant long-term
benefits for individuals, communities, and societies as a whole.

Undernutrition may cause stunting and wasting [3]. Stunting is diagnosed when the
height-for-age of a child is significantly lower than expected and is the effect of chronic
undernutrition. Stunting is primarily attributed to inadequate nutrition, particularly during
the prenatal period and the first two years of life. Poor maternal nutrition, inadequate
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breastfeeding practices, and lack of access to nutritious foods contribute to stunting. Chil-
dren who are stunted may experience developmental delays, reduced cognitive function,
and an increased risk of chronic diseases later in life. Stunting also affects overall produc-
tivity and economic potential, perpetuating cycles of poverty and inequality. Wasting is
diagnosed when a child has a low weight-for-height and is the result of a short period
of undernutrition. Evaluation of the prevalence of wasting in a pediatric population is
the best method to measure recent nutritional imbalance resulting in undernutrition and
the immediate impact of actions specifically planned to face undernutrition [3]. Clinically,
wasting includes marasmus, in which undernutrition derives from both energy and protein
low intake, and kwashiorkor, which mainly depends on protein deficiency. Wasting is
typically a result of acute food shortages, inadequate dietary diversity, or illness such as
diarrhea or infections. It can occur suddenly and requires immediate intervention to pre-
vent further deterioration. Wasting poses immediate risks to a child’s health and survival.
Severe wasting increases the risk of mortality, particularly in young children. Even if a
child recovers from wasting, they may experience long-term consequences such as im-
paired growth and development. Addressing stunting and wasting requires a coordinated
effort across multiple sectors, including healthcare, nutrition, agriculture, and education,
to ensure that children have the best possible start in life. Wasting caused by factors other
than inadequate intake alone is referred to as cachexia or anorexia and could be considered
secondary malnutrition due to comorbidities [3].

Although in recent years the initiatives of several institutions have led to a signifi-
cant reduction in child undernutrition and related problems in almost all the developing
countries [4], the prevalence of poor child nutrition remains very high, particularly in
some sub-Saharan and Asian countries. Sudan is one of the poorest sub-Saharan countries
and one of those where pediatric undernutrition has the highest frequency. Data from the
World Health Organization (WHO) Tracking Tools of the Global Nutrition Targets across
2018–2019 showed that in this country all indicators of child malnutrition still remained
very high [4]. Globally, in 2022, 149 million children under 5 were estimated to be stunted,
45 million were estimated to be wasted (too thin for height), and 37 million were overweight
or obese. Nearly half of deaths among children under 5 years of age are linked to under-
nutrition. These mostly occur in low- and middle-income countries. The developmental,
economic, social, and medical impacts of the global burden of malnutrition are serious and
lasting, for individuals and their families, for communities, and for countries [4]. Overall,
the national rate of stunting prevalence in Sudan was at 36.35%, with moderate and severe
cases at 21.25% and 15.06%, respectively [5]. Moreover, 13.6% of children were diagnosed
with wasting and 10.8% and 2.7% had moderate and severe manifestations, respectively,
with the highest values in the Red Sea State [5]. In Sudan, around 19% of children under 5
years were underweight, although there may be disparities in undernutrition’s prevalence
between different regions within Sudan [5]. Conflict-affected areas, rural communities,
and areas with limited access to healthcare and basic services often experience higher rates
of undernutrition. Undernutrition in Sudan is influenced by various factors, including
food insecurity, inadequate access to clean water and sanitation, limited healthcare services,
poverty, and ongoing conflicts. Humanitarian organizations and government agencies
have been working to address undernutrition in Sudan through various interventions,
including providing therapeutic feeding programs, nutritional supplements, access to clean
water, and healthcare services. The COVID-19 pandemic may have exacerbated existing
challenges related to undernutrition in this country, including disruptions to food supply
chains, healthcare services, and economic instability, further affecting vulnerable popula-
tions. Periodic monitoring of the prevalence of acute undernutrition is essential to evaluate
the impact of interventions and to measure the interference of new negative factors such
as the recent COVID-19 pandemic. This study was planned to evaluate, in the area of
Port Sudan, the prevalence of acute undernutrition after the COVID-19 pandemic and to
identify the most important factors favoring the development of acute undernutrition.
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2. Methods
2.1. Study Design

The available clinical records of all the under-five children admitted to the Port Sudan
Emergency Pediatric Hospital from 1 February 2021 to 31 January 2022 were analyzed.
Emergency is an Italian nongovernmental organization that offers qualified medical assis-
tance with guaranteed collection of reliable data [6]. The demographic and social environ-
mental characteristics of the enrolled children were recorded, including previous medical
history, age, body weight, height, reason for hospitalization with detailed presenting symp-
toms, radiological and laboratory findings, and final diagnosis. Regarding the evaluation
of nutritional status, the presence of wasting and kwashiorkor was assessed according
to methods previously described by the WHO [7]. In particular, wasting was considered
moderate or severe if weight-for-height z scores (WAZ) were below −2 or −3 standard
deviations of the WHO Child Growth Standards median, respectively. Alternatively, the
mid upper arm circumference (MUAC) was used and MUAC between 11.5 cm and 12.4 cm
and <11.5 cm was deemed as an expression of moderate or severe wasting, respectively.
Kwashiorkor was diagnosed in the presence of edema that was graded as mild, moderate,
or severe if it affected only the feet, or the feet, legs, and upper limb, or it was generalized.
In the final evaluation, cases with wasting or kwashiorkor were considered together and
identified according to the degree of undernutrition as moderate acute undernutrition
(MAU) or severe acute undernutrition (SAU, i.e., marasmus).

Children were categorized according to age (0–6 months, 7–12 months, 13–24 months,
25–59 months), gender, place of residence, main reason for hospitalization, and underlying
comorbidities, including congenital heart disease, rheumatic heart disease, cerebral palsy,
Down syndrome, and presence of HIV positivity. Place of residence was divided as follows:
“near” included areas in close proximity to the hospital, “far” for other districts in Port
Sudan, and “remote” was used for those who came from other states or from places that
required more than one day’s travel.

2.2. Statistical Analysis

Descriptive statistics of the analyzed children were presented as frequencies and
percentages to determine associations between predictors and outcome variables. For the
main analysis, we used both bivariate and multivariate logistic regression analyses to report
the association between undernutrition, cause of hospitalization, and their determinants.
Crude and adjusted odds ratios (ORs) and 95% confidence intervals (ICs) were derived and
two-sided p-values less than 0.05 were considered statistically significant.

3. Results

During the study period, a total of 1012 children (54.7% males) were hospitalized.
Among them, 225 (22.2%) were less than 6 months old, 439 (43.3%) were between 6 months
and 1 year, and 348 (34.4%) were between 13 and 59 months. For 92 (9.1%) patients, the
provenance could not be ascertained; a total of 370 (36.6%) children came from districts
considered near to the clinic, 456 (45.1%) from far areas, and 92 (9.1%) from remote regions.

In Figure 1, the main diagnoses at admission for the enrolled children are reported.
Lower respiratory tract infections (LRTIs) and acute gastroenteritis (AGE) were the most

common diagnoses leading to hospitalization. LRTIs were diagnosed in 329 (32.5%) and AGE
in 322 (31.8%) children. Parasitosis, mainly intestinal parasitosis due to Entamoeba histolytica
and Giardia lamblia, was the third most common cause of hospital admission, accounting for
9.7% of all the cases. Of lower relevance as causes of hospitalization were upper respiratory
tract infection (URTI; 7.1%), sepsis and septic shock (4.7%), urinary tract infection (UTI;
2.7%), malaria (2.4%), skin infections (1.8%), and other diseases including heart failure,
epilepsy, and central nervous system infections. A total of 96 (9.5%) patients had an
underlying condition, among which congenital heart disease (n = 39), HIV infection (n = 13),
and Down syndrome (n = 7) were the most common.
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Figure 1. Diagnosis at admission among under-five children admitted to the Port Sudan Emergency 
Pediatric Hospital, Sudan. AGE, acute gastroenteritis; LRTI, lower respiratory tract infection; SNC, 
central nervous system; URTI, upper respiratory tract infection; UTI, urinary tract infection. 
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sion, accounting for 9.7% of all the cases. Of lower relevance as causes of hospitalization 
were upper respiratory tract infection (URTI; 7.1%), sepsis and septic shock (4.7%), uri-
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(9.5%) patients had an underlying condition, among which congenital heart disease (n = 
39), HIV infection (n = 13), and Down syndrome (n = 7) were the most common.  

Acute undernutrition was evidenced in 493 (48.7%) children. Of them, only 16 (3.2%) 
were diagnosed with kwashiorkor. Among those with wasting, 74 (15.0%, of whom 56.8% 
were males) had moderate disease and 403 had severe disease (81.7%, of whom 64.7% 
were males). In the group aged 0–6 months, 86 infants (38.2%) were classified as SAU and 
4 as MAU (1.8%), whereas most of these patients were well nourished. The rates of SAU 
and MAU were significantly higher among infants aged 7–12 months with a lower num-
ber of well-nourished patients (p-value < 0.05). A total of 262 children (59.7%) of this age 
group were classified as SAU, 40 (9.1%) as MAU, and 137 (31.2%) as well nourished. Sim-
ilarly higher percentages of undernourished patients were found in the 13–24-month 
group, where 125 (52%) cases of SAU and 25 (10.4%) cases of MAU were detected (p-value 
< 0.01 vs. age group 0–6 months and <0.05 vs. age group 7–12 months). Lower, although 
higher than in the group of younger children, were the cases of SAU (n = 20; 18.5%) and 
MAU (n = 5; 4.6%) in children aged 2 to 5 years (p-value < 0.01 vs. age group 0–6 months 
and <0.05 vs. age group 7–12 months). 

In Figure 2, the causes of hospitalization in children with SAU are reported. As 
shown, wasting or kwashiorkor were observed mainly in children with AGE (n = 249; 

Figure 1. Diagnosis at admission among under-five children admitted to the Port Sudan Emergency
Pediatric Hospital, Sudan. AGE, acute gastroenteritis; LRTI, lower respiratory tract infection; SNC,
central nervous system; URTI, upper respiratory tract infection; UTI, urinary tract infection.

Acute undernutrition was evidenced in 493 (48.7%) children. Of them, only 16 (3.2%)
were diagnosed with kwashiorkor. Among those with wasting, 74 (15.0%, of whom 56.8%
were males) had moderate disease and 403 had severe disease (81.7%, of whom 64.7% were
males). In the group aged 0–6 months, 86 infants (38.2%) were classified as SAU and 4 as
MAU (1.8%), whereas most of these patients were well nourished. The rates of SAU and
MAU were significantly higher among infants aged 7–12 months with a lower number of
well-nourished patients (p-value < 0.05). A total of 262 children (59.7%) of this age group
were classified as SAU, 40 (9.1%) as MAU, and 137 (31.2%) as well nourished. Similarly
higher percentages of undernourished patients were found in the 13–24-month group,
where 125 (52%) cases of SAU and 25 (10.4%) cases of MAU were detected (p-value < 0.01
vs. age group 0–6 months and <0.05 vs. age group 7–12 months). Lower, although higher
than in the group of younger children, were the cases of SAU (n = 20; 18.5%) and MAU
(n = 5; 4.6%) in children aged 2 to 5 years (p-value < 0.01 vs. age group 0–6 months and
<0.05 vs. age group 7–12 months).

In Figure 2, the causes of hospitalization in children with SAU are reported. As shown,
wasting or kwashiorkor were observed mainly in children with AGE (n = 249; 50.3%) or
LRTI (n = 88; 17.8%). Parasitosis was diagnosed in 12.6% of children with SAU, sepsis in
4.7%, URTI in 3.4%, and skin infection in 1.2%.
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Figure 2. Diagnosis of admission among under-five children admitted to the Port Sudan Emergency
Pediatric Hospital with severe undernutrition (SAU). AGE, acute gastroenteritis; HF, heart failure;
LRTI, lower respiratory tract infection; SNC, central nervous system; URTI, upper respiratory tract
infection; UTI, urinary tract infection.
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Table 1 reports the potential associations between the demographic and clinical data
of the enrolled subjects and the development of undernutrition.

Table 1. Univariate and multivariate analysis of predictors of undernutrition among under-five
children admitted to the Port Sudan Emergency Pediatric Hospital.

Predictors of SAU Unadjusted OR 95% CI p Value Adjusted OR 95% CI p Value

Gender: female 1.12 0.87–1.44 0.34 1.1 0.84–1.44 0.45

Age
7–12 months 2.46 1.77–3.43 0 2.51 1.79–3.55 0
13–24 months 1.79 1.23–2.59 0 1.92 1.31–2.82 0
25–59 months 0.37 0.21–0.64 0 0.35 0.19–0.63 0

Place of residence: far 1.13 0.87–1.46 0.33 1.12 0.85–1.46 0.4

Comorbidities 1.43 0.92–2.25 0.11 1.39 0.87–2.25 0.16
CHD 1.24 0.75–2.07 0.39 1.22 0.71–2.10 0.47
SCD 0.08 0.04–0.12 0

Predictors of MAU Unadjusted OR 95% IC p Value Adjusted OR 95% IC p Value

Gender: female 0.9 0.55–1.45 0.67 1.01 0.61–1.65 0.95

Age
7–12 months 5.53 2.1–18.6 0 5.56 2.59–18.7 0
13–24 months 6.42 2.44–22 0 6.34 2.39–21.9 0
25–59 months 2.68 0.69–11 0.14 2.71 0.7–11.2 0.14

Place of residence: far 0.61 0.38–1 0.05 0.59 0.36–0.96 0.03

Comorbidities 0.28 0.04–0.92 0.08 0.29 0.04–0.98 0.09
CHD 0.18 0.01–0.86 0.09 0.19 0.01–0.91 0.1

CHD, congenital heart disease; CI, confidence interval; MAU, moderate acute undernutrition; OR, odds ratio;
SAU, severe acute undernutrition; SCD, sickle cell disease.

Children with SAU had a higher prevalence of AGE (p-value < 0.05) and parasitosis
(p-value < 0.05), whereas the prevalence of URTI and LRTI was higher in patients with no
SAU. The risk of SAU and MAU was not influenced by gender as it was not different in
females compared to males (OR 1.1; 95% CI, 0.84–1.44). On the contrary, age was strictly
associated with undernutrition. Children aged 0–6 months were those with the lowest risk
of undernutrition, whereas those aged 7–12 months were those with the greatest risk. In
these patients, multivariate analysis revealed that SAU and MAU were 2.5 times (OR 2.51;
95% CI, 1.79–3.55) and 5.5 times (OR 5.56; 95% CI, 2.59–18.7) higher. The risk of both SAU
and MAU remained significantly higher even in children aged 13–24 months, whereas it
was significantly lower in patients 2 to 5 years old who appeared to be safe from severe
malnutrition (OR 0.35; 95% CI, 0.19–0.63). The site of residence did not affect the risk of
being malnourished, i.e., coming from other districts of Port Sudan compared to living next
to the hospital or in other states. Patients with comorbidities did not have a statistically
significant risk of SAU, not even those affected by congenital heart disease (CHD; OR 122;
95% CI, 0.71–2.10).

4. Discussion

The nutritional status of infants and preschool children is of paramount importance
because it affects their lifetime health and intellectual capabilities. Nutrition is indeed a
prominent topic on global agendas due to its far-reaching implications for human health,
economic development, and social well-being [1]. Nutrition plays a fundamental role in
human health at all stages of life. Adequate nutrition is essential for growth, immune func-
tion, cognitive development, and overall well-being. Conversely, malnutrition, including
undernutrition and overnutrition, contributes to a range of health problems, including
stunting, wasting, micronutrient deficiencies, obesity, and non-communicable diseases such
as diabetes and cardiovascular diseases. Addressing malnutrition is crucial for improving
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health outcomes and reducing the burden of disease worldwide. Moreover, nutrition is
closely linked to economic development and poverty reduction. Malnutrition, particularly
among children, can have long-term effects on physical and cognitive development, lead-
ing to reduced productivity and earning potential in adulthood. This perpetuates cycles
of poverty and inequality, hindering economic growth and social progress. Investing in
nutrition interventions, such as promoting breastfeeding, improving access to nutritious
foods, and providing micronutrient supplementation, can contribute to breaking the cycle
of poverty and fostering sustainable development. In addition, nutrition is intricately
linked to food security and sustainability. Ensuring access to an adequate and diverse
diet is essential for meeting nutritional needs and promoting health. However, factors
such as climate change, environmental degradation, food insecurity, and inequitable food
distribution pose challenges to achieving nutrition security for all. Addressing these issues
requires a holistic approach that considers the environmental, social, and economic dimen-
sions of food production, distribution, and consumption. Nutrition is also a fundamental
human right, as recognized by international agreements such as the Universal Declaration
of Human Rights and the Convention on the Rights of the Child. Access to adequate nutri-
tion is essential for realizing other human rights, including the right to health, education,
and an adequate standard of living. However, disparities in access to nutritious foods,
healthcare services, and socioeconomic opportunities perpetuate inequalities in nutrition
outcomes, particularly among marginalized populations. Promoting equity in nutrition re-
quires addressing underlying determinants of health and social justice. Nutrition intersects
with several global health challenges, including infectious diseases, maternal and child
health, and non-communicable diseases. Improving nutrition outcomes can contribute to
achieving multiple health-related Sustainable Development Goals (SDGs), including SDG
2 (Zero Hunger), SDG 3 (Good Health and Well-being), and SDG 10 (Reduced Inequali-
ties). Recognizing the interconnectedness of nutrition with other health and development
priorities underscores its importance on global agendas. Given the multifaceted nature of
nutrition and its profound impact on human health, economic development, and social
equity, addressing malnutrition remains a top priority for global policymakers, practition-
ers, and advocates [1]. Collaborative efforts at the global, regional, and national levels are
essential for implementing evidence-based interventions, strengthening health systems,
and advancing policies that promote nutrition security and equitable access to nutritious
foods for all.

The Global Nutrition Targets of the WHO for 2025 aim to reduce the number of stunted
under-five children by 40%, and to maintain wasting in children to less than 5 years [8].
Data collected with this study show that in Sudan, particularly in the Red Sea State, this
goal is far from being achieved. Compared to the data collected in 2018–2019 [5] that had
shown a prevalence of moderate and severe wasting of 26.1% and 23.3%, respectively, this
study found that, although the total number of children with acute undernutrition was
quite similar (48.7% vs. 49.4%), the number of patients with SAU was significantly higher
(81.7% vs. 23.3%). As the COVID-19 pandemic had its peak in the years immediately
following the previous survey, we speculate that, at least in part, the increase in SAU
cases among the children enrolled in this study may be ascribed to the pandemic itself.
The large circulation of SARS-CoV-2 among children also seems to be suggested by the
evidence that even children without SAU were frequently affected by a respiratory tract
infection, the main clinical manifestation of COVID-19, with an incidence even greater than
in children with SAU. On the other hand, vaccination coverage against COVID-19 in the
general population of Sudan has been very low and many people including children were
infected by SARS-CoV-2 [9]. Addressing the impact of COVID-19 on undernutrition among
children under 5 years in Sudan requires coordinated efforts to strengthen food security,
protect livelihoods, ensure access to essential healthcare services, and support nutrition
interventions for vulnerable populations. Prioritizing nutrition-sensitive and nutrition-
specific interventions, including social protection programs, food assistance, micronutrient
supplementation, and breastfeeding support, can help mitigate the adverse effects of
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the pandemic on child nutrition outcomes in this country. Additionally, strengthening
health systems and investing in resilient food systems are essential for building long-term
resilience to future shocks and crises.

It is well known that undernutrition and infections are strictly related [10]. Undernutri-
tion impairs immune system functions and favors infections and these, in turn, particularly
when affects the gastrointestinal tract, worsen undernutrition [11]. Essential nutrients,
including vitamins, minerals, and proteins, play key roles in supporting immune responses,
such as the production of antibodies, cytokines, and immune cells. When individuals are
undernourished, deficiencies in these nutrients weaken the immune system, compromis-
ing its ability to effectively recognize and combat pathogens. Gastrointestinal infections,
including diarrheal diseases caused by pathogens such as bacteria, viruses, and parasites,
further exacerbate undernutrition by exacerbating nutrient loss, reducing appetite, and
impairing nutrient absorption. Moreover, gastrointestinal infections lead to fluid loss,
electrolyte imbalances, and nutrient depletion, exacerbating existing nutritional deficien-
cies and impairing growth and development. The interplay between undernutrition and
infections can have profound long-term consequences for health and development [10,11].
Breaking this cycle requires comprehensive interventions that address both undernutrition
and infections, focusing on improving nutritional status, strengthening immune function,
and preventing and treating gastrointestinal infections. Although we did not have data
on biological markers related to the immune status of the study population, the linkage
between undernutrition and infections is further highlighted by the evidence that most of
the children admitted to the hospital suffered from AGE and the incidences of AGE and
parasitosis were significantly lower in children without MAU or SAU. The prevention of
infections, including COVID-19, through the administration of all the pediatric vaccines
currently available remains essential to reduce the incidence of infections in undernour-
ished children. Several studies have shown that, despite the dysfunction of both innate and
adaptive immune system functions, malnourished children generally mount protective
responses to all the pediatric vaccines [12,13]. Moreover, in our study population, a not
marginal number of children suffered from intestinal parasitosis, and the prevalence of
this condition was significantly higher in children with SAU than in those without. This
seems to indicate that a high index of suspicion for amebiasis and giardiasis should be
maintained in every reporting history of undernourished children with AGE, although the
suggested systematic empirical treatment with metronidazole to face supposed amebiasis
in acute undernourished children remains debatable [14]. On the contrary, instructions for
mothers on preparing safe drinking and cooking water are essential to reduce the frequency
of food contamination.

Various elements can affect the nutritional status of children including economic,
social, and political factors [15]. It has been evidenced that the main role in conditioning
the development of undernutrition is played by birth weight, maternal education, maternal
age and nutrition, especially when considering pregnancy, maternal anemia, child’s birth
order, child’s age, place of residence, toilet facilities, stool disposal systems, short periods
of breastfeeding, and household income level [16–19]. Due to the limited information
reported in the medical records used to perform this study, only gender, age, presence of
comorbidities, and place of residence were evaluated as potential factors contributing to
the development of MAU and SAU in children. Regarding gender, the results of previous
studies are controversial as in some cases acute undernutrition was more common among
males [20–22] and in other studies among females [23–25]. In this study, despite a slightly
higher prevalence of acute undernutrition among boys, no relevant association with gender
was found, with females and males having an equal risk of being affected by MAU and SAU.
The role of gender remains undefined. Only further studies can clarify whether gender is
important as a cause of undernutrition in children receiving the same power supply. Better
defined seems to be the role of age. The results of this study clearly indicate that children
in the first 6 months of life are at low risk of developing acute undernutrition. Breast
feeding assures, in most cases, adequate nutritional intake. On the contrary, children aged
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6–11 months and, although to a lower extent, those aged 7–24 months were those found at
increased risk of acute undernutrition. The results of this study are congruent with those
already published in several other developing countries [26–28] and quite like the UNICEF
data collected in Sudan in 2014 showing the highest prevalence of SAU in 6–11-year-old
children [2]. These findings suggest that when complementary feeding is introduced and
the family cannot afford a high-quality diet, malnutrition can appear. Moreover, they
indirectly highlight the importance of the mother’s education in conditioning the risk
of acute undernutrition in infants and younger children. Interestingly, Abdel-Rahman
et al. recently showed that only half of Sudanese mothers practiced an optimal early
feeding practice, with important differences between regions in the country [29]. These
findings suggest the need to develop breastfeeding promotion programs with consideration
of regional variations and healthcare system interventions. Education affects a child’s
nutritional status because educated mothers are more likely to know about adequate child
nutrition and have more chances to be employed, increasing the purchasing power of the
family for healthy food and access to health services [30].

Regarding the role of underlying morbidities as a cause of SAU and MAU, several
studies have shown that children with chronic disease, including congenital heart disease,
chronic kidney disease, or cystic fibrosis, even if they live in high-income countries, fre-
quently suffer from nutrient deficiencies that are associated with the development of both
acute and chronic undernutrition [31–33]. In this study, no relevant association between
the presence of chronic underlying disease comorbidities and the risk of SAM was demon-
strated. This finding is surprising as in children with chronic underlying disease various
factors, such as increased caloric need, poor feeding tolerance, frequent vomiting, and a
need for fluid limitations, reduce food intake and cause undernutrition [34]. However, it
may be explained by the very low number of children with underlying disease enrolled in
this study as well as by the fact that medical records are often incomplete, preventing any
adequate statistical evaluation.

As far as the relevance of place of residence, it would be somewhat expected that
children living nearby the hospital would be less affected by acute undernutrition than
those living far from the hospital. The emergency hospital is accessible whenever, is
completely free of charge, and health promotion regarding adequate child nutrition has
been carried out in the past ten years. On the contrary, no difference was observed between
children living next to the hospital or in other urban districts and those coming from rural
places with no health services. This can be explained considering that the hospital was
built in one of the poorest areas of Port Sudan, with precarious hygienic conditions, and
that it is inhabited by a relevant number of members of the Beja tribe, who historically tend
to be distrustful and rely on their own traditional diet and treatments.

This study has some limitations. First of all, it is a retrospective study. Moreover,
the medical data of each child were not collected from electronic health record charts
systematically reporting demographic, diagnostic, treatment, referral, and lifestyle infor-
mation. Finally, the total number of enrolled children was relatively low. However, the
reported information seems adequate to indicate that in the Red Sea State of Sudan, no
reduction in acute malnutrition in children aged less than 5 years has recently occurred
and that it is highly likely that the COVID-19 pandemic has played a relevant role in this
regard, especially worsening the degree of undernutrition. In further studies, it would be
interesting to compare the prevalence of undernutrition before the COVID-19 pandemic
and during the pandemic to see if this is the real cause of the increase in the number of
cases. Also, it would be interesting to compare with other areas in Sudan, as well as with
the prevalence in other African countries or underdeveloped countries. Another correlation
should be made with the food received by the patients included in the batch, which can be
deficient both quantitatively and qualitatively.
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5. Conclusions

This study shows that the area of Port Sudan is still suffering from an alarming
prevalence of severe wasting and the risk of developing acute undernutrition seems strictly
related to the introduction of complementary feeding and tends to reduce with increasing
age. The measures already in place to prevent acute malnutrition should be reinforced with
improvements in mother education on child feeding. Certainly, resources are essential and
the consequences of refeeding syndrome should be considered in children presenting with
marasmus and kwashiorkor. There must be continual nutritional and health assessments
of these vulnerable individuals.

Author Contributions: G.C. collected the data and wrote the first draft of the manuscript; C.C.
performed the statistical analysis; M.V. supervised the project; S.E. revised the manuscript and gave
a substantial scientific contribution. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the Emergency Ethics Committee
(Emergency-2021-03, approval date: 10 December 2020).

Informed Consent Statement: Not applicable because only general data were anonymously collected
from available databases.

Data Availability Statement: Data are contained within the article.

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

References
1. Unicef. Nutrition. Available online: https://www.unicef.org/nutrition (accessed on 3 January 2024).
2. World Health Organization. Levels and Trends in Child Malnutrition: UNICEF/WHO/The World Bank Group Joint Child

Malnutrition Estimates: Key Findings of the 2021 Edition. Available online: https://www.who.int/publications/i/item/978924
0025257 (accessed on 3 January 2024).

3. Wells, J.C.K.; Briend, A.; Boyd, E.M.; Berkely, J.A.; Hall, A.; Isanaka, S.; Webb, P.; Khara, T.; Dolan, C. Beyond wasted and
stunted—A major shift to fight child undernutrition. Lancet Child Adolesc. Health 2019, 3, 831–834. [CrossRef] [PubMed]

4. World Health Organization. WHO Fact-Sheet. Available online: http://www.who.int/news-room/fact-sheets/detail/
malnutrition (accessed on 3 January 2024).

5. Abu-Manga, M.; Al-Jawaldeh, A.; Baseer Qureshi, A.; Elmunier Ali, A.M.; Pizzol, D.; Dureab, F. Nutrition Assessment of
Under-Five Children in Sudan: Tracking the Achievement of the Global Nutrition Targets. Children 2021, 8, 363. [CrossRef]
[PubMed]

6. Emergency. Sudan. Available online: https://en.emergency.it/what-we-do/sudan (accessed on 3 January 2024).
7. World Health Organization. WHO Anthro Survey Analyser and Other Tools. Available online: http://www.who.int/tools/child-

growth-standards/software (accessed on 3 January 2024).
8. Safety, F. Global Nutrition Targets 2025: Policy Brief Series. Available online: http://www.who.int/publications/i/item/WHO-

NMH-NHD-14.2 (accessed on 3 January 2024).
9. World Health Organization. Sudan: WHO Coronavirus Disease (COVID-19) Dashboard with Vaccination Data. Available online:

https://covid19.who.int/region/emro/country/sd (accessed on 3 January 2024).
10. Pecora, F.; Persico, F.; Argentiero, A.; Neglia, C.; Esposito, S. The Role of Micronutrients in Support of the Immune Response

against Viral Infections. Nutrients 2020, 12, 3198. [CrossRef]
11. Gwela, A.; Mupere, E.; Berkley, J.A.; Lancioni, C. Undernutrition, Host Immunity and Vulnerability to Infection Among Young

Children. Pediatr. Infect. Dis. J. 2019, 38, e175–e177. [CrossRef] [PubMed]
12. Buonsenso, D.; Cusenza, F.; Passadore, L.; Bonanno, F.; De Guido, C.; Esposito, S. Duration of immunity to SARS-CoV-2 in children

after natural infection or vaccination in the omicron and pre-omicron era: A systematic review of clinical and immunological
studies. Front Immunol. 2023, 13, 1024924. [CrossRef] [PubMed]

13. Prendergast, A.J. Malnutrition and vaccination in developing countries. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2015, 370, 20140141.
[CrossRef]

14. Zangenberg, M.; Abdissa, A.; Johansen, O.H.; Tesfaw, G.; Girma, T.; Kurtzhals, J.H.L. Metronidazole-sensitive organisms in
children with severe acute malnutrition: An evaluation of the indication for empiric metronidazole treatment. Clin. Microbiol.
Infect. 2020, 26, 255.e7–255.e11. [CrossRef]

15. Katoch, O.R. Determinants of malnutrition among children: A systematic review. Nutrition 2022, 96, 111565. [CrossRef]

https://www.unicef.org/nutrition
https://www.who.int/publications/i/item/9789240025257
https://www.who.int/publications/i/item/9789240025257
https://doi.org/10.1016/S2352-4642(19)30244-5
https://www.ncbi.nlm.nih.gov/pubmed/31521500
http://www.who.int/news-room/fact-sheets/detail/malnutrition
http://www.who.int/news-room/fact-sheets/detail/malnutrition
https://doi.org/10.3390/children8050363
https://www.ncbi.nlm.nih.gov/pubmed/34062925
https://en.emergency.it/what-we-do/sudan
http://www.who.int/tools/child-growth-standards/software
http://www.who.int/tools/child-growth-standards/software
http://www.who.int/publications/i/item/WHO-NMH-NHD-14.2
http://www.who.int/publications/i/item/WHO-NMH-NHD-14.2
https://covid19.who.int/region/emro/country/sd
https://doi.org/10.3390/nu12103198
https://doi.org/10.1097/INF.0000000000002363
https://www.ncbi.nlm.nih.gov/pubmed/31306401
https://doi.org/10.3389/fimmu.2022.1024924
https://www.ncbi.nlm.nih.gov/pubmed/36713374
https://doi.org/10.1098/rstb.2014.0141
https://doi.org/10.1016/j.cmi.2019.05.022
https://doi.org/10.1016/j.nut.2021.111565


Nutrients 2024, 16, 787 10 of 10

16. Woldeamanuel, G.G.; Geta, T.G.; Mohammed, T.P.; Shuba, M.B.; Bafa, T.A. Effect of nutritional status of pregnant women on birth
weight of newborns at Butajira Referral Hospital, Butajira, Ethiopia. SAGE Open Med. 2019, 7, 2050312119827096. [CrossRef]

17. Aheto, J.M.K.; Keegan, T.J.; Taylor, B.M.; Diggle, P.J. Childhood Malnutrition and Its Determinants among Under-Five Children in
Ghana. Paediatr. Perinat. Epidemiol. 2015, 29, 552–561. [CrossRef]

18. Singh, S.K.; Srivastava, S.; Chauhan, S. Inequality in child undernutrition among urban population in India: A decomposition
analysis. BMC Public Health 2020, 20, 1852. [CrossRef]

19. Ahmed, A.M.S.; Ahmed, T.; Roy, S.K.; Alam, N.; Hossain, M.I. Determinants of undernutrition in children under 2 years of age
from rural Bangladesh. Indian Pediatr. 2012, 49, 821–824. [CrossRef]

20. Ahmadi, D.; Amarnani, E.; Sen, A.; Ebadi, N.; Cortbaoui, P.; Melgar-Quiñonez, H. Determinants of child anthropometric indicators
in Ethiopia. BMC Public Health 2018, 18, 626. [CrossRef]

21. Amare, Z.Y.; Ahmed, M.E.; Mehari, A.B. Determinants of nutritional status among children under age 5 in Ethiopia: Further
analysis of the 2016 Ethiopia demographic and health survey. Glob. Health 2019, 15, 62. [CrossRef]

22. Alemayehu, M.; Tinsae, F.; Haileslassie, K.; Seid, O.; Gebregziabher, G.; Yebyo, H. Undernutrition status and associated factors in
under-5 children, in Tigray, Northern Ethiopia. Nutrition 2015, 31, 964–970. [CrossRef] [PubMed]

23. Gewa, C.A.; Yandell, N. Undernutrition among Kenyan children: Contribution of child, maternal and household factors. Public
Health Nutr. 2012, 15, 1029–1038. [CrossRef] [PubMed]

24. Baig-Ansari, N.; Rahbar, M.H.; Bhutta, Z.A.; Badruddin, S.H. Child’s gender and household food insecurity are associated with
stunting among young Pakistani children residing in urban squatter settlements. Food Nutr. Bull. 2006, 27, 114–127. [CrossRef]
[PubMed]

25. Mbago, M.C.; Namfua, P.P. Some determinants of nutritional status of one- to four-year-old children in low income urban areas in
Tanzania. J. Trop. Pediatr. 1992, 38, 299–306. [CrossRef] [PubMed]

26. Ghimire, U.; Aryal, B.K.; Gupta, A.K.; Sapkota, S. Severe acute malnutrition and its associated factors among children under-five
years: A facility-based cross-sectional study. BMC Pediatr. 2020, 20, 249. [CrossRef] [PubMed]

27. Menghwar, B.; Ali Laghari, Z.; Memon, S.F.; Warsi, J.; Ahmed Shaikh, S.; Baig, N.M. Prevalence of malnutrition in children under
five years’ age in District Tharparkar Sindh, Pakistan. J. Pak. Med. Assoc. 2022, 72, 33–36. [CrossRef] [PubMed]

28. Roba, A.A.; Assefa, N.; Dessie, Y.; Tolera, A.; Teji, K.; Elena, H.; Bliznashka, L.; Fawzi, W. Prevalence and determinants of
concurrent wasting and stunting and other indicators of malnutrition among children 6–59 months old in Kersa, Ethiopia. Matern.
Child Nutr. 2021, 17, e13172. [CrossRef] [PubMed]

29. Abdel-Rahman, M.E.; El-Heneidy, A.; Benova, L.; Oakley, L. Early feeding practices and associated factors in Sudan: A cross-
sectional analysis from multiple Indicator cluster survey. Int. Breastfeed J. 2020, 15, 41. [CrossRef] [PubMed]

30. Medina, M.; Barreto, P.; Natero, V.; Moratorio, X.; Severi, C. Prevalence of malnutrition among children and women of reproductive
age in Uruguay by socio-economic status and educational level. Public Health Nutr. 2020, 23, s101–s107. [CrossRef] [PubMed]

31. Vaidyanathan, B.; Nair, S.B.; Sundaram, K.R.; Banu, U.K.; Shivaprakasha, K.; Rao, S.G.; Kumar, R.K. Malnutrition in children with
congenital heart disease (CHD) determinants and short term impact of corrective intervention. Indian Pediatr. 2008, 45, 541–546.
[PubMed]

32. Cameron, J.W.; Rosenthal, A.; Olson, A.D. Malnutrition in hospitalized children with congenital heart disease. Arch. Pediatr.
Adolesc. Med. 1995, 149, 1098–1102. [CrossRef]

33. Blasquez, A.; Clouzeau, H.; Fayon, M.; Mouton, J.B.; Thambo, J.B.; Enaud, R.; Lamireau, T. Evaluation of nutritional status and
support in children with congenital heart disease. Eur. J. Clin. Nutr. 2016, 70, 528–531. [CrossRef]

34. Larson-Nath, C.; Goday, P. Malnutrition in Children With Chronic Disease. Nutr. Clin. Pract. 2019, 34, 349–358. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/2050312119827096
https://doi.org/10.1111/ppe.12222
https://doi.org/10.1186/s12889-020-09864-2
https://doi.org/10.1007/s13312-012-0187-2
https://doi.org/10.1186/s12889-018-5541-3
https://doi.org/10.1186/s12992-019-0505-7
https://doi.org/10.1016/j.nut.2015.01.013
https://www.ncbi.nlm.nih.gov/pubmed/26059369
https://doi.org/10.1017/S136898001100245X
https://www.ncbi.nlm.nih.gov/pubmed/22107729
https://doi.org/10.1177/156482650602700203
https://www.ncbi.nlm.nih.gov/pubmed/16786978
https://doi.org/10.1093/tropej/38.6.299
https://www.ncbi.nlm.nih.gov/pubmed/1844089
https://doi.org/10.1186/s12887-020-02154-1
https://www.ncbi.nlm.nih.gov/pubmed/32456624
https://doi.org/10.47391/JPMA.20-540
https://www.ncbi.nlm.nih.gov/pubmed/35099434
https://doi.org/10.1111/mcn.13172
https://www.ncbi.nlm.nih.gov/pubmed/33728748
https://doi.org/10.1186/s13006-020-00288-7
https://www.ncbi.nlm.nih.gov/pubmed/32410678
https://doi.org/10.1017/S1368980020000804
https://www.ncbi.nlm.nih.gov/pubmed/32299530
https://www.ncbi.nlm.nih.gov/pubmed/18695271
https://doi.org/10.1001/archpedi.1995.02170230052007
https://doi.org/10.1038/ejcn.2015.209
https://doi.org/10.1002/ncp.10274

	Introduction 
	Methods 
	Study Design 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

