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Abstract: Background: Child development is multifaceted and depends on various elements including diet,
genetic makeup, environmental conditions, and exposure to infections. Proper nutrition significantly impacts
a child’s capacity to manage and recover from illness. Thus, evaluating nutritional health is a fundamental
aspect of pediatric healthcare. Objective: The current study assesses the nutritional status of hospitalized
children and adolescents by analyzing growth parameters related to age, weight, height, and gender,
identifying disparities , and determining influencing risk factors. Methods: A single-center cross-sectional
study was conducted at Mohamed El-Alamin Hamed Hospital for children in Khartoum-Sudan. The study
focused on children and adolescents aged six months to 16 years who were hospitalized for over 24 hours,
excluding those in critical conditions, selected by purposive sampling. Caregivers were interviewed after
consent was obtained, with data collected through detailed medical histories, physical examination, and a
specialized questionnaire. Results: Two hundred sixty-eight subjects were enrolled in this study. Among them,
males accounted for 146 (54.5%), with a male-to-female ratio of 1.2:1. A total of 199 (74.2%) of the subjects had
a height/length for age >-2 z-score (normal), 49 (18.3%) had a <-3 z-score (severe stunting), whereas 20 (7.4%)
had -3 to -2 z-score (moderate stunting). Sixteen (6.0%) children were classified as weighing 1+ to +2 SD
(overweight), and 14 (5.2%) were >+3 SD (obese). Regarding nutrition status, 161 (60%) had normal
malnutrition, 32 (11.9%) had moderate wasting, and 45 (16.8%) had severe wasting. Grade 2 edema was
observed in four (8.9%) children, and only three (9.4%) had grade 3 edema. Malnutrition risk factors
significantly correlated with the female gender, hospital admission rate, and the absence of exclusive
breastfeeding (p<0.001). Conclusion: The study reveals critical insight into pediatric nutritional health. A
notable prevalence of stunting and acute malnutrition was observed, particularly among the youngest age
groups, with a higher frequency of stunting in males. Severe acute malnutrition and muscle wasting were more
common among females, while overweight and obesity were prevalent in children aged 5-10 years. The
findings underscore the importance of early nutritional interventions, especially considering the significant
correlation found between malnutrition risk factors and variables such as age, gender, hospital admission rate,
and exclusive breastfeeding.
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Introduction

Importance of Nutritional Assessment and Growth Monitoring in Pediatric Care

Children's growth is a complex process influenced by a variety of factors such as nutritional
status, infections, genetics, and environment. Proper nutrition has a significant impact on a child's
ability to resist and recover from illnesses; hence, nutritional assessment is an important part of
pediatric care. This evaluation includes a thorough medical history, a physical exam, and
measurements of growth parameters such as weight, height (or stature/length), mid-upper arm
circumference (MUAC), and head circumference. Age- and gender-specific growth charts are
important tools for detecting abnormalities and comparing growth to established reference
standards. They help to plan nutritional interventions, manage health conditions, and monitor
disease progression. Growth monitoring is quick, inexpensive, and non-invasive, relying on simple
instruments that require trained personnel to ensure measurement accuracy and proper equipment
use(1-3).

Key indices and Their Implications for Assessing Child Nutrition

1. Weight for Height Index: This index reflects recent weight changes. Low weight for height
indicates muscle wasting and can signal acute malnutrition, often linked to severe illness, starvation,
or chronic conditions. Conversely, elevated weight-for-height may indicate overweight. The lean
body mass index (BMI) is used in population surveys to assess obesity, heaviness, and their burden
(3-5).

2. Height-for-Age Index: This index reflects skeletal growth, with low height-for-age (stunting)
often indicating chronic malnutrition and the inability to achieve standard linear growth due to
nutritional deficits or health issues(1-4).
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3. Weight-for-Age Index: This measure compares body mass to chronological age and can detect
underweight, wasting, or stunting, though it may be influenced by the child's height and weight.
Assessing both height-for-age and weight-for-height helps distinguish between a short child and a
thin yet tall child, providing information about acute versus chronic health and nutrition issues(4-6).

4. Mid-Upper Arm Circumference (MUAC), MUAC for Age, MUAC for Height, BMI for Age,
and Head Circumference: These indicators assess chronic nutritional concerns in children, providing
a fuller picture of their health status (6,7).

A detailed medical history can uncover malnutrition-related health conditions, such as chronic
diseases, disabilities, and medication use. Physical signs, like fatty stools, may suggest malabsorption
or conditions like pancreatic insufficiency or celiac disease. At the same time, symptoms like sunken
eyes and poor skin elasticity may indicate dehydration, especially following diarrhea. Laboratory
tests, such as serum albumin (which indicates dietary protein adequacy), urinary creatinine (which
indicates muscle catabolism), and serum transferrin (which measures iron levels), can provide
information about nutritional status (8).

A thorough dietary history, including 24-hour dietary recall, helps assess nutritional intake and
vaccination status to prevent infections that could exacerbate malnutrition. Malnutrition in children
and adolescents often results from chronic causes and has lifelong impacts, including delayed mental
development, intellectual disabilities, and growth retardation (9).

Role of Nutritional Intervention and a Balanced Diet in Pediatric Care

Early nutritional intervention is crucial in improving a child’s long-term health and quality of
life (10-12). Nutritional status balances food intake and the body's ability to use it, and it is influenced
by health, physical activity, and biochemical processes. A well-balanced diet that includes essential
nutrients for daily use is essential for good nutrition. The term "malnutrition" encompasses both
"under nutrition" and "overnutrition," including indicators such as underweight, wasting (acute
malnutrition), stunting, and overweight. Each reflects various nutritional imbalances that can lead to
developmental delays, intellectual disabilities, and other lifelong health impacts in children and
adolescents.

Study Rationale

Good nutrition is crucial for growth and development. Child growth is an important indicator
of health internationally. The right to health and sufficient food are fundamentally human rights.
The Millennium Development Goals (MDGs) highlight the significance of preventing poverty,
hunger, child and maternal deaths, human immunodeficiency virus (HIV)/acquired
immunodeficiency syndrome (AIDS) eradication, malaria, tuberculosis, and other infectious diseases.
Despite all these commitments, mortality is still high among young children in African countries.
Developed countries have less than a 1% risk of infant death, whereas, in developing countries, the
risk is around 10% or even higher. These disparities can be significant among the poor and rich or
rural and urban societies within the same country (4, 13-16). In our practice, we observed many
subjects hospitalized due to minor diseases, and some were undernourished. Therefore, we aim to
measure the magnitude of this problem.

Current Research Questions to Address the Gaps

e  What is the prevalence of undernutrition among hospitalized children and adolescents?

e  What specific growth charts are used in growth screening for pediatric nutritional assessment?

e  What potential risk factors may affect the anthropometric measurements of hospitalized
children and adolescents?
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Aims and Objectives

The main objective of this study was to assess the nutritional status of the hospitalized children
and adolescents by using growth parameters according to their age, weight, height, and gender, and
to determine the risk factors that may affect their anthropometric measurements.

Ethical Approval

All work conducted in this research aligned with Helsinki's research ethics. The collected data
were used only for analysis to ensure privacy and confidentiality. Ethical approval was obtained from
the administrative authorities at the Hospital (Institute review board). The study was exempt from
human-subject study requirements and did not require ongoing Institutional Review Board (IRB)
oversight because it posed no more than minimal risk. Additionally, all research procedures fell
within the exemption categories of the Federal Ministry of Health-IRB regulations. Written informed
consent was obtained from the child’s caregiver before interviewing them, the study’s purpose was
explained, and their support was enlisted to safeguard the patient's autonomy.

Materials and methods

Study Setting

A single-center cross-sectional study was conducted at Mohamed El-Alamin Hamed Hospital
for children. The hospital is located in the east of Omdurman with total area of 7200 m2 with length
120 meter and width 60 meter. This hospital was established in 1986 by Mohammed Al-Amin Hamid.
The hospital is a suitable setting that comprises ten units providing inpatient and outpatient medical
services. Pediatric team members had a fixed day per week and an extra day on the weekend through
rotation, supervised by two consultant pediatricians. The study took place from February to March
2023.

Study Criteria

The study included participants who were children and adolescents, ranging in age from six
months to 16 years, of any gender. They qualified for the study if they had been hospitalized for more
than 24 hours during the study period and their parents had provided written informed consent to
be part of the study. We enrolled all participants who came to the hospital during the data collection
period and sequentially matched the inclusion criteria. However, we excluded any children and
adolescents who were still in critical clinical conditions (Figurel).

Data Collection

The researchers directly interviewed caregivers after explaining the aim and purpose of the
study and obtaining their consent. Detailed medical histories, clinical data, nutrition patterns and
physical examinations were collected. A specially designed questionnaire was used to collect the
study variables, including demographic information and risk factors. To ensure standardization in
the administration of the instruments and to accommodate illiterate caregivers, the researchers read
the questions to the caregivers (family history, social history, socio-economic status, provisional and
confirmed diagnosis). Anthropometric measurements were taken using scales suitable for the child’s
age. An infantometer was used to measure the length of children under two years, and a stadiometer
for those aged two years and above. Infants were weighed on the Infant Beam Scale, which was
regularly cleaned and re-zeroed. A validated electronic weight scale was used for older children.
Length was measured to the nearest 0.1 cm, and weight to the nearest 0.05 kg. The MUAC was
measured to the nearest 1 mm using the United Nations International Children's Emergency Fund
(UNICEF) standard and a tri-color MUAC tape. Wasting and edema were also assessed. The
researchers, with the voluntary assistance of two nutritionists from the hospital’s staff, performed all
measurements using standardized techniques and recorded the obtained data. The anthropometric
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measurements for each child were plotted on appropriate WHO and CDC growth charts for children
from birth to 20 years, including weight-for-height and height-for-age charts.
Response 2: We have added the bellow figure in the method section

275 participants were hospitalized at the time of the study were assessed for
eligibility
Eligibility criteria:

e Children and adolescents,

¢ Ranging in age from six months to 16 years,

¢  Both sexes,

¢ Hospitalized for more than 24 hours

/ 7 patients were excluded as they did not meet

the inclusion criteria as follows:

268 eligible patients were informed

] . . about the study
* Children and adolescents who were in critical

!ﬁ.ﬂical conditions. )

¢ Detailed medical histories,

Information collected within one ¢  clinical data

month s nutrition patterns and

¢  Physical examinations.

¢ Anthropometric measurements

Figure 1. Flow chart illustrates the number of participants selected.

Statistical Analysis

The data collected were entered into a Microsoft Excel spreadsheet and analyzed using the
Statistical Package for the Social Sciences (SPSS) version 25. The results are presented in terms of
frequency and percentages for categorical variables, and mean and standard deviation for continuous
variables with a normal distribution. Because the sample size was relatively small with tied ranks,
Kendall’s tau-b test was used to measure the association strength of the participants’ age, gender,
height, weight, and BMI with malnutrition risk factors. Kendall’s tau-b test values range from -1 to 1.
A value of -1 indicates a perfect negative association, 0 indicates no association, and 1 indicates a
perfect positive association. The correlation was considered significant at the 0.01 level (2-tailed). A
P-value of <0.05 was considered significant.

Results

General Socio-Demographic and Clinical Characteristics

A total of 268 participants were enrolled in the study. The age range spanned from six months
to 15.5 years, with the predominant age group being those aged ten years or older, comprising 114
(42.5%) of the participants. Of these, 146 (54.5%) were males and 122 (45.5%) were females, resulting
in a male-to-female ratio of 1.2:1. A majority, 217 (81.0%), resided in urban areas, while 51 (19.0%)
came from rural areas. Regarding the common diseases among participants that led to hospital
admission, gastroenteritis was the cause in 79 (29.5%) cases. Furthermore, crises of sickle cell anemia
were responsible for 54 (20.1%) admissions, upper respiratory tract infections (URI) for 51 (19.0%),
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neurological conditions such as epilepsy for 31 (11.6%), urinary system diseases for 18 (6.7%), and
other miscellaneous health problems for 21 (7.8%). Additionally, 163 (60.8%) participants were
hospitalized for the first time, 59 (22.0%) for the second time, and 46 (17.2%) had been hospitalized
more than twice within six months [Table 1].

Table 1. Socio-demographic characteristics of the participants, reasons and numbers of
hospitalization (n=268).

Variables Responses F (%)
<12 months 71 (26.5%)
1- <3 years 40 (14.9%)
Age of the participants 3 - <5 years 22 (8.2%)
5 - 9 years 21 (7.8%)
>10 Years 114 (42.5%)
Males 146 (54.5%)
Gender Females 122 (45.5%)
i Urban areas 217 (81.0%)
Residence

Rural areas 51 (19.0%)
54 (20.1%)

51 (19.0%)

Sickle cell anaemia

Upper respiratory tract infections (ARI)

Reasons for hospital admission Epilepsy 31 (11.6%)
Urinary system diseases 18 (6.7%)
Other health problems 21 (7.8%)
Hospitalized for the first time 163 (60.8%)
Number of hospitalization Hospitalised for the second time 59 (22.0%)
Hospitalized more than twice within six months 46 (17.2%)

Prevalence of stunting among hospitalized children and adolescents

Approximately 69 (25.7%) of children across all age groups experienced some form of stunting
(either severe or moderate), of them 49 (71%) of the subjects were severely stunted, with a height-for-
age less than -3 z-score, while 20 (29%) exhibited moderate stunting, with a z-score between -2 to -3
(calculated as per stunted children not from overall). The remaining had a normal height/length for
their age, with a z-score greater than -2. The highest percentage of stunting (both severe and
moderate) was observed in the youngest age group of less than 12 months, where 22 out of 71 children
(31.0%) were affected. In contrast, the lowest prevalence of stunting was found in the age group of 10
years and older, with 24 out of 114 children (21.1%) affected. Severe stunting was most frequently
observed among children aged 5-9 years (23.8%), while moderate stunting was most common among
children below 12 months (14.1%) [Table 2].

Table 2. The rate of stunting among participants based on height-for-age (N=268).

<-3 HAZ-score -3 to -2 HAZ-score Overall stunting >-2 HAZ-score

Age groups F (%) F (%) F (%) F (%) Total
<12 months 12 (16.9%) 10 (14.1%)* 22 (31.0%)* 49 (69.0%) 71
1- <3 years 8 (20.0%) 4 (10.0%) 12 (30.0%) 28 (70.0%) 40
3 - <5 years 4 (182%) 1 (4.5%) 5 (22.7%) 17 (77.3%)* 22
5-9 years 5 (23.8%)* 1 (4.8%) 6 (28.6%) 15 (71.4%) 21
>10 years 20 (17.5%) 4(3.5%) 24 (21.1%) 90 (78.9%) 114
Total 49 20 69 199 268

Keys: (F): Frequency; (%): Percent; (HAZ): height-for-age z-score; *: The highest percent in a column; According
to the WHO's reference standards; HAZ-score <-3: Severe stunting; HAZ-score -3 to -2: Moderate stunting; HAZ-
score >-2: Normal.
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Prevalence of Wasting and Overnutrition Among Hospitalized Children and Adolescents

We found that 77 (28.7%) participants experienced some form of wasting, amongst which 45
(58.4%) participants had severe wasting or SAM (z-score <-3 SD), 32 (41.6%) had moderate wasting
or MAM (z-score <-3 to -2 SD). 161 (60.1%) had a normal weight-for-height/length. The overall
prevalence of wasting or acute malnutrition (both SAM and MAM) was highest in the age group of
1-3 years (42.5%), and lowest in the age group of 10 years and above (18.4%). Severe wasting or SAM
was most prevalent in the 3-5 year age group (22.7%), while moderate wasting or MAM was most
common in the 1-3 year group (20.0%). This indicates a significant concern for wasting or acute
malnutrition in early childhood. Additionally, 30 (11.2%) participants demonstrated overnutrition,
amongst whom 16 (53.3%) were overweight (z-score +1 to +2 SD) and 14 (46.6%) were obese (z-score
>+3 SD). When assessing the prevalence of overnutrition (both overweight and obesity), the highest
prevalence was observed in the 5-10 year age group (42.9%), with the lowest in the 1-3 year age group
(5.0%). Overweight and obesity were also notable among children aged 5-10 years (23.8% and 19.0%,
respectively). This suggests that nutritional issues may shift from undernutrition to overnutrition as
children age [Table 3].

Table 3. The rate of wasting and over nutrition among participants based on weight-for-height

(N=268).
<-3 WHZ- -3to-2 Overall -2 to +1 +1to+2 >+3 WHZ- Overall
Age groups score WHZ-score wasting WHZ-score WHZ-score  score overnutrition Total
F (%) F (%) F (%) F (%) F (%) F (%) F (%)
o, O, o, O, 4 3 7
<12 months 12 (16.9%) 13 (18.3%) 25 (35.2%) 39 (54.9%) (5.6%) (4.2%) (9.9%) 71
1 1 2
1- 22.5% 20.0%)* 17 (42.5%)* 21 (52.5% 4
<Byears 9(22.5%) 8 (20.0%) (42.5%) (52.5%) (2.5%) (2.5%) (5.0%) 0
3-<5years 5(22.7%)* 3(13.6%) 8 (364%) 10(45.5%) 2 (9.1%) 2 (9.1%) (1842"/) 22
9
- 00 . 0O . 00 . 00 * . 00 *
5-9years 2 (9.5%) 4(19.0%) (28.6%) 6(28.6%) 5(23.8%)* 4(19.0%) (42.9%)* 21
4 4 8
> 00 . OO . 00 *
210 years 17 (14.9%) (3.5%) 21 (18.4%) 85 (74.6%) (3.5%) (3.5%) (7.0%) 114
Total 45 32 77 161 16 14 30 268

Keys:(F): Frequency; (%): Percent; (WHZ): weight-for-height z-score; *: The highest percent in a column; Note
Bene. According to the WHO's reference standards, WHZ-score <-3: Severe wasting; WHZ-score -3 to -2:
Moderate wasting; WHZ-score -2 to +1: Normal; WHZ-score +1 to +2: Overweight; WHZ-score >+3: Obese.

Prevalence of Malnutrition Among Hospitalized Children and Adolescents Using MUAC Measurements

Out of the study participants, 57 (21.3%) exhibited some level of malnutrition, of them 41 (71.9%)
were classified as having severe malnutrition, while 16 (28.1%) had moderate malnutrition, while the
majority 212 (79.1%) presented no indications of muscle wasting. In terms of age groups, the overall
incidence of malnutrition was most prevalent in children under 12 months (40.8%) and least
prevalent in those aged 10 years and above (7.0%). Younger age groups (<12 months) had a higher
percentage of children with severe malnutrition (31.0%) compared to older age groups. The
percentage of children with moderate malnutrition was relatively small across all age groups, as most
children fell either into the severe malnutrition category or within the normal range. The percentage
of children with a normal MUAC increased with age, with the highest percentage in the 5-9 years age
group (95.2%), followed by those aged 10 years and above (93.0%), indicating a better nutritional
status in older children [Table 4].

Table 4. MUAC measurement and the presence of edema about age (N=268).
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Malnutrition among age

A F (%
ge groups (%) eroups F(%)
<12 months (n=71)
<115 mm Severe 22 (31.0%)*
29 (40.8%)*
115 to 125 mm Moderate 7 (9.9%) ( *)
>125 mm Normal 42 (59.2%) -
1 - <3 years (n=40)
<115 mm Severe 11 (27.5%)
15 (37.59
115 to 125 mm Moderate 4 (10.0%)* ( %)
>125 mm Normal 25 (62.5%) -
3 - <5 years (n=22)
<115 mm Severe 2 (9.1%)
3 (13.69
115 to 125 mm Moderate 1 (4.5%) ( %)
>125 mm Normal 19 (86.4%) -
5 - 9 years ( n=21)
<135 mm Severe 1 (4.8%) 2 (9.5%)
135 - 145 mm Moderate 1 (4.8%)
>145 mm Normal 20 (95.2%)* -
210 years (n=114)
<160 mm Severe 5 (4.4%) 8 (7.0%)
160 - 185 mm Moderate 3 (2.6%)
>185 mm Normal 106 (93.0%) -
Overall malnutrition 57 (21.3%)

Keys: (F): Frequency; (%): Percent; (MUAC): Mid-upper arm circumference; *: The highest percent in a column;
According to the WHO's reference standards, Age group 6 months to 5 years: MUAC <115 mm: Severe
malnutrition; MUAC 115 to 125 mm: Moderate malnutrition; MUAC >125 mm: Normal. Age group 5 to 9 years:
MUAC <135 mm: Severe malnutrition, MUAC 135 to 145 mm: Moderate malnutrition, MUAC >145 mm: Normal.
Age group 210 years: MUAC <160 mm: Severe malnutrition; MUAC 160 to 185 mm: Moderate malnutrition;
MUAC >185 mm: Normal.

Gender Differences in Anthropometric Measurements

Gender-based categorization of anthropometric measurements is provided in [Table 5]. Severe
stunting was present in 18.3% [13.6 - 22.9] of all children, with a slightly higher prevalence in males
(19.18%) [12.7 - 25.6] compared to females (17.2%) [11.5 - 24.9]. Moderate stunting was less common,
affecting 7.4% [4.9 - 11.2] of all children, and was again slightly more prevalent in males (8.2%) [4.7 -
13.7]. This indicates that stunting was a significant issue in both genders, but had a marginally higher
impact on males. Regarding the MUAC measurements, 41 (15.33%) [11 - 19.6] of participants had
severe malnutrition, being more prevalent in females (18%) [11.1 - 24.9] than in males (13%) [7.6 -
18.4]. Moderate malnutrition was less common, observed in 16 (5.9%) [3.3 - 8.8] participants, and was
also more prevalent in males (6.8%) [2.7 - 10.9]. Among participants with severe malnutrition, 4 (8.9%)
had grade 2 edema, while 3 (9.4%) with moderate malnutrition had grade 3 edema. In terms of
overnutrition, 6.0% [4.4 - 11.1] were overweight and 5.2% [3.7 - 10.0] were obese, with males having
a slightly higher prevalence of both overweight (6.8%) [4.5 - 14.3] and obesity (6.1%) [3.9 - 13.3]
compared to females.

Table 5. Gender-specific discrepancies in anthropometric measurements among participants (N=268).

Categories All (N =268 Males (N = 146) Females (N=122)
F (%) [95% CI] F (%) [95% CI] F (%) [95% CI]
Stunting
49 (18.3%) 28 (19.18%) 21 (17.2%)

Severe stunting (<-3 z-score) [13.6 - 22.9] [12.7 - 25.6] [11.5-24.9]
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Moderate stunting (<-3 to -2 z- 20 (7.4%) 12 (8.2%) 8 (6.6%)
score) [4.9 -11.2] [4.7 -13.7] [3.4-12.4]
Normal height-for-age (>-2 z- 199 (74.25%) 112 (76.71%) 87 (71.31%)
score) [69 - 79.6] [76.5 - 83.6] [63.4 - 79.5]

Severe malnutrition

41 (15.33%)

19 (13.01%)

22 (18.03%)

[11 - 19.6] [7.6 -18.4] [11.1-24.9]

.\ 16 (5.97%) 10 (6.85%) 6 (4.92%)

Moderate malnutrition 33-88] (2.7 -10.9] [11-87]
.\ 212 (79.1%) 101 (69.9%) 111 (91.8%)

Normal (no malnutrition) (742 - 83.9] (61.7 - 76.7] (86 - 96]

Severe wasting (<-3 SD)

45 (16.8%)

25 (17.1%)

20 (16.4%)

[12.17 - 21.43] [10.0 - 24.2] [9.0 - 23.8]
. 32 (11.9%) 8 (5.5%) 24 (19.7%)
Moderate wasting (-3 to -2 SD) (7.9 -15.8] [3.1-7.9] [12.1-27.3]
Overnutrition
. 16 (6.0%) 10 (6.8%) 6 (4.9%)
Overweight (+1 to +2 5D) [4.4-11.1] [3.8-9.8] [2.6-72]
. 14 (5.2%) 9(6.1%) 5(4.1%)
Obesity (>+3 5D) [3.7-10.0] [3.5-8.9] [2.1-6.1]
Normal weight-for- 161 (60.1%) 94 (64%) 67 (54.9%)
height/length (-2 to +1 SD) [54.2 - 66.0] [56.6 - 72.2] [46 - 63.7]

Keys: (F): Frequency; (CI): Confidence interval; (%): Percent; (MUAC): Mid-upper arm circumference.

Relationship Between Child Health Variables and Malnutrition Risk Factors

When assessing the risk factors for nutritional problems, 163 (60.8%) participants had received
exclusive breastfeeding. During the study period, 194 (72.3 %) children were weaned while staying
at the hospital, with 116 (59.8%) of them being weaned abruptly. Approximately 105 (39.0%) of the
interviewed mothers (next of kin or carers) reported that they usually weaned their babies at 12-18
months, while 77 (29.0%) did so at 18-24 months. The study revealed that 108 (41.3%) of the mothers
had a primary educational level, 32.3% were illiterate, and 109 (40.7%) of the children's fathers were
illiterate. Additionally, 241 (90.0%) of the participant mothers were homemakers, while 78.7% of the
fathers earned their income through unskilled freelance work. When analyzing the correlation of
malnutrition risk factors with child health variables, as shown in [Table 6], a significant negative
correlation was found between age and vaccination (tb =-0.135%). This suggested that older children
were less likely to receive vaccinations, or that vaccinations were typically administered at younger
ages. Similarly, there was a negative correlation between age and weaning age (tb = -0.365**),
indicating that weaning occurred at a younger age as the child's age increased. Conversely, a positive
correlation was identified between age and weaning mechanism (tb = 0.230**), hinting at a preference
for different weaning methods as children grew older. Additionally, a significant positive correlation
between age and the occurrence of diagnoses (tb = 0.136**) implied that older children might have
experienced more diagnoses. Gender also played a role, showing a positive correlation with
vaccination (tb = 0.141*), which suggested a disparity in vaccination rates between genders.
Vaccination itself correlated positively with weaning age (tb = 0.177*%), indicating that vaccinated
children tended to be weaned later. There was, however, a negative correlation between vaccination
and hospital admissions (tb = -0.114*), suggesting that vaccination could have been linked to reduced
admissions, and a similar negative correlation was observed between breastfeeding duration and
admissions (tb = -0.121%), indicating that extended breastfeeding might have correlated with fewer
hospital visits. Weaning age positively correlated with weaning mechanism (tb = 0.257%), suggesting
that as the age at which children were weaned increased, there tends to be a corresponding change
in the method of weaning. Finally, there was a positive correlation between the method of weaning
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and the occurrence of medical diagnoses (tb = 0.147%), which could imply that certain weaning

methods might be associated with varied likelihoods of certain diagnoses.

Table 6. Correlation of participant’s pediatric health with malnutrition risk factors (N=268).

Kendall’s tau_b

Correlation Age Gender Vaccination fl:::il;; We:;mg mV:cel?::ilsi Admissions Diagnosis
Coefficient
Age 1 -0.03 -0.135** 0.00 -0.365** 0.230** 0.046 0.136**
Gender -0.03 1 0.141* 0.00 -0.07 0.135 0.044 -0.015
Vaccination -0.135** 0.141* 1 0.108 0.177** -0.045 -0.114* -0.045
Breast feeding 0.00 -0.001 0.108 1 -0.03 0.011 -0.121* -0.015
Weaning age -0.365** -0.071 0.177** -0.03 1 0.257** -0.03 -0.066
mv;]:;:;;gm 0.230%  0.135 -0.05 0011  0.257* 1 0009 0147
Admissions 0.046 0.044 -0.114* -0.121* -0.03 -0.009 1 0.096
Diagnosis 0.136** -0.015 -0.05 -0.02 -0.07 0.147* 0.096 1

Keys: ** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed).

We have provided some studies to compare with the current study in Appendix 1. [Appendix
1 Comparison of the nutritional status of the hospitalized children using the growth parameters the
current study and other similar studies conducted in Sudan and internationally (2015-2023)].

Discussion

We assessed the nutritional status of the hospitalized children and adolescents using the growth
parameters and evaluated the risk factors that may affect their anthropometric measurements (age,
gender, weight, and height). Two hundred sixty-eight children and adolescents aged seven months
to 15.5 years were enrolled in the study. Of the total, 146 (54.5%) were males, and most of the
participants 217 (81.0%), lived in urban areas, while 51 (19.0%) were from rural regions.

Prevalence of Stunting Among Hospitalized Children and Adolescents

Our study highlighted that the overall prevalence of stunting (or chronic malnutrition) among
the participants was 25.7%, which is below the average for the Africa region (30.7%) (33). Of this,
severe stunting accounted for 18.3%, while moderate stunting comprised 7.5%. A community-based
study by Mengesha et al. (11) in South Ethiopia found a stunting rate of 37.7%, with main risk factors
being an unsafe water supply and food insecurity. Likewise, a study by Suryana et al. in
Dikemukiman Peureumeu Settlement, Kaway XVI Subdistrict, West Aceh Regency, Indonesia,
observed a stunting prevalence of 49.4%. These higher rates may be attributed to differences in study
design, as they were conducted at the community level among vulnerable participants, and may not
reflect the situation in hospitals. Other studies reporting consistently higher rates of stunting include
those by Habimana et al. (34.1%), Zoakah et al. (34.9%), Chataut et al. (37.5%), Tekile et al. (38.3%),
and Rachmi et al (ranging from 50.8% in 1993 to 36.7% in 2007). In 2008, stunting rates in Western
Africa were reported at 37.7%, Central Africa at 41.5%, Eastern Africa at 50.0%, and Southern Africa
at 30.2% (34). Our findings align with this data, indicating the higher levels of stunting in Eastern
Africa. Likewise, recent literature categorizes Western and Southern Africa as regions with a high
prevalence of stunting, typically ranging from 20% to less than 30%, while Central and Eastern Africa
show significantly higher prevalence, exceeding 30% (35, 36).

In our study, stunting prevalence varied across age groups, with the highest percentage (31.0%)
observed in children under 12 months and the lowest (21.1%) in those 10 years and older. This
contrasts with a study in Southern Ethiopia, which found a higher likelihood of stunted growth in
children aged 24-35 months (37). Mengesha et al. also noted that children below six months and those
aged 6-11 months were less likely to experience stunted growth compared to those older than 24
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months. Similarly, a study by Kasajja et al. in Uganda's Kabale district indicated a greater propensity
for stunted growth in children aged 24-35 months and 36-47 months (38). Another study in the Acholi
sub-region found the highest stunting prevalence among children aged 30-41 months (39), while
other studies identified higher risks of stunted growth in children aged 11-23 months and 12-23
months (40, 41). Literature suggests that low height-for-age in children aged 24-35 months indicates
ongoing inadequate growth (stunting), whereas in older children above 36 months, it signifies
persistent growth failure (being stunted) (38).

Additionally, our study revealed a gender disparity in stunting rates, with both severe (19.7%)
and moderate (8.2%) stunting being more prevalent in males. Kasajja et al.’s study also indicated a
marginally higher occurrence of stunting in male children (42.2%), though the difference was not
statistically significant (38). In a study by Jonah et al., conducted in three major countries in Sub-
Saharan Africa (Ghana, Kenya, and Zambia), stunting prevalence between 2007 and 2014 was
significantly higher among male children (42). Observations suggest that male children in Sub-
Saharan Africa are more prone to stunting, potentially due to differences in health vulnerabilities and
energy requirements (43, 44). There is also evidence suggesting that male children may be more
susceptible to infections, which can lead to reduced food intake and a higher risk of further infections,
thus perpetuating a cycle of stunting (44). Stunting can have enduring impacts, including diminished
educational achievements, increased susceptibility to non-communicable diseases, decreased work
efficiency, and various socio-economic challenges (45).

Prevalence of Wasting and Overnutrition Among Hospitalized Children and Adolescents

In our study, the overall prevalence of wasting among participants was 28.7%, a rate
significantly exceeding the 6.0% regional average for Africa and surpassing the World Health
Assembly's global nutrition goal, which aims for a child wasting prevalence below 5% (46). Of this,
16.8% was classified as severe wasting, while 11.9% was moderate wasting. Danso et al., in their
research at Child Welfare Clinics in Ghana, found a wasting prevalence of 27.5%. In a health facility-
based study in Yemen'’s southern governorates of Lahj and Abyan, Al-Waleedi uncovered a high rate
of acute malnutrition at 21.3% (47). Meanwhile, Chataut et al., through a community-based survey in
Nepal, documented a 14.6% wasting rate. In another cross-sectional analysis in Nepal, Inoue and
colleagues reported that 9.2% of hospital-admitted children aged 6 months to 15 years experienced
wasting, decreasing slightly to 8.5% upon discharge (48). The Ethiopia Demographic and Health
Survey by Tekile et al. reported a 10.1% prevalence of wasting. A study from Tanzania found a 1.41%
prevalence of wasting in children at hospitals and primary care centers (49). These findings align
with reports from various countries, both developed and developing, indicating significant
malnutrition incidence among hospitalized patients. In Canada, a 2014 study by Groleau et al. found
a 13.3% prevalence of acute malnutrition in hospitalized children (50), and another study from the
same year reported a 6.9% rate in children admitted to pediatric departments (51). In developing
countries like Malaysia, research indicated an 11% prevalence of acute undernutrition in hospitalized
children (52), and a Pakistani study revealed a 21% stunting rate in children at outpatient clinics (53).
Fouad et al., in a study at a public academic hospital in Egypt, reported a 6.6% prevalence of wasting.
Hospital-based studies in Brazil (54), Romania (55), and Vietnam (56) recorded wasting prevalence
of 16.1%, 17.7%, and 19.0%, respectively.

The highest incidence of wasting in our study was observed in the age group of 1-3 years, with
a rate of 42.5%. Conversely, the lowest percentage of wasting was recorded in the age group of 10
years and older, at 18.4%. Danso et al. discovered the most significant incidence of wasting in children
aged 1 to 2 years (57), a finding in line with previous research conducted in Ghana (58, 59).
Meanwhile, Ocheke et al (60). identified the highest prevalence of wasting in the 6-11 months age
group, at 9.3%. On the other hand, Tyagi et al (61). provided evidence of a high prevalence of wasting
in children aged 5-9 years.

Prevalence of severe wasting was slightly higher in males 25 (17.1%) compared to females 20
(16.4%) where moderate wasting higher in females 24 (19.7%) males 8 (5.5%). Juma et al. observed
that boys were more affected by wasting than girls, corroborating the findings of other studies


https://doi.org/10.20944/preprints202411.1680.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 November 2024 d0i:10.20944/preprints202411.1680.v1

12

indicating that male children are more prone to acute malnutrition than females (61-65). The issue
of gender disparities in the likelihood of stunting is noteworthy and deserves further investigation to
fully comprehend and address the malnutrition challenges associated with it.

On the other hand, the overall prevalence of overnutrition in our study was 11.2%, with 6%
being overweight and 5.2% classified as obese. Nouri et al. conducted research in Azerbaijan and
found that the incidence of obesity and overweight in their sample was 1.3% and 5.1%, respectively
(67). Dehghani et al. reported that in their study, 10% of the participants were overweight, 4% were
obese, and 1% were severely obese (68). According to research by Veghari and Vakili, the rate of
overweight varied from 3.3% to 5.2% between 1998 and 2013 (69). Another study from Iran noted a
10.4% prevalence of overweight (70). The research conducted by Saengnipanthkul et al. reported a
greater proportion of overweight and obesity, at 11.3% compared to 3.8% (71). Comparatively, a
multicenter study in Spain identified overweight and obesity in 37.9% of children, a figure
significantly higher than that observed in our study (72). The highest incidence of overnutrition was
observed in the 5-10 years age group, reaching 42.9%, whereas the lowest was in the 1-3 years age
group, at 5%. In the research conducted by Tyagi et al., the highest rates of overweight (27%), obesity
(8.1%), and severe obesity (1.3%) were observed in children aged 10-14 years, followed by those aged
15-19 years (61).

Regarding gender disparities, both overweight and obesity were more common in male
children, with overweight affecting 6.8% and obesity 6.1% of male participants. Tyagi et al. found
that 22.1% of boys and 15.2% of girls were overweight, while 7.8% of boys and 3.6% of girls were
classified as obese (61). Comparable findings were observed in studies from India in 2016 (74) and
2017 (75). Conversely, a 2015 study in India revealed a higher prevalence of overweight and obesity
among girls (10.4%) compared to boys (6.9%) (76).

Prevalence of Malnutrition Among Hospitalized Children And Adolescents Using MUAC Measurements

In our study, the overall prevalence of malnutrition among participants, as determined by
MUAC measurements, was 21.3%, with 15.3% experiencing severe malnutrition and 6% moderate
malnutrition. Dehghani and colleagues found malnutrition in 14% of their subjects based on MUAC
criteria, including 2.3% with severe malnutrition (68), 3.5% with moderate malnutrition, and 8.3% at
risk of malnutrition. Laghari and colleagues, in their research on children under five in District
Sanghar, Pakistan, reported that 66.1% of the examined children were malnourished (79).

The highest malnutrition rate in our study, 40.8%, was observed in the youngest age group of
less than 12 months, while the lowest rate, 7%, was seen in those aged 10 years and above. Laghari et
al. noted a greater prevalence of malnutrition in the younger age group of 6-11 months, with a decline
in malnutrition rates as children grew older, and the lowest rates in the older age groups (79). Grellety
et al. also found younger children to be more severely malnourished, as indicated by lower MUAC
measurements (80).

There was a notable gender disparity in malnutrition rates in our study, with females (35.2%)
more affected than males (5.4%), underscoring the need for targeted nutritional interventions to
address these disparities effectively. Our findings are in line with existing literature. Laghari et al.
(79) found a notably high incidence of severe malnutrition among females, possibly due to societal
gender biases, a trend also observed in studies from Sudan (80), Bangladesh (66, 73) and Papua New
Guinea (77). Contrarily, Ubesie and team found a higher prevalence of malnutrition among male
children (78).

Relationship Between Child Health Variables and Malnutrition Risk Factors

An assessment of food insecurity in sub-Saharan Africa during 2014-2015 revealed that about
26% of individuals over 15 years experienced severe food insecurity, posing a challenge to meeting
the sustainable development goals (SDGs) target 2.1 in the region (7). Micronutrients, including
vitamins and minerals, are essential for optimal growth and development. Micronutrient deficiency,
a form of hidden hunger, can be acute or chronic and may occur alone or in combination with
undernutrition or obesity (17-19). Several factors, such as the availability of food choices, maternal
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nutrition knowledge, food purchases, race, and gender, can influence children's nutritional status,
physical growth, and cognitive development (20-29).

Sudan has a higher malnutrition rate than other North African and Middle Eastern countries,
with more than two million children suffering from stunting. Twenty-two percent experience acute
malnutrition, and about half a million are at risk of life-threatening illnesses. The health, education,
and poverty levels of mothers’ influence breastfeeding habits, hygiene practices, and family taboos.
The literacy rate among women can also impact their cultural knowledge, especially in rural
communities (30). Early weaning can lead to stunting, compromise immunity, and young mothers
often face pressure from their own mothers, relatives, or peers for advice. To achieve optimal and
sustained health outcomes, it is essential to address maternal illiteracy, raise awareness about proper
breastfeeding and weaning practices, and ensure adequate food quality and quantity. Collaborative
efforts with all stakeholders in the community are crucial in this endeavor.

Study Limitation

The study's primary limitation was that it was conducted at a single center with a limited sample
size, which may not fully represent the broader population. As a cross-sectional study, causality
could not be established for any of the associated variables, limiting the ability to infer direct cause-
and-effect relationships. Furthermore, the study did not enroll all hospitalized children and
adolescents, which may have resulted in a selection bias and impacted the generalizability of the
findings.

Conclusion

The study highlights that stunting affects approximately a quarter of children across various age
groups, with the most significant rates observed in infants and those aged 5-10 years, alongside a
marginal higher incidence in males, indicating the extensive issue of malnutrition. It reveals a
pronounced occurrence of wasting, particularly in the 1-3 year age bracket, and a trend toward
overnutrition in older children, signifying a transition from undernutrition to overnutrition risks as
children age, with boys being more prone. MUAC measurements disclose a substantial prevalence
of malnutrition, particularly acute among children under 5 and more prevalent in females,
underscoring the necessity for targeted nutritional interventions. The results suggest the vital
influence of breastfeeding practices, parental education, and socioeconomic factors on the nutritional
status and health outcomes of children, pointing out the intricate relationship between age, gender,
vaccination, and weaning practices as determinants of malnutrition risk factors. The assessment and
evaluation of children’s nutritional status in any health facility is critical. In underdeveloped
countries, comprehensive and robust global screening and prevention of malnutrition risk factors are
imperative to ensure normal growth and development.
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Abbreviation: CFSVA- Comprehensive food security and vulnerability analysis, CWC- Child
Welfare Clinics, MUAC- Mid Upper Arm Circumference
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