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Abstract 

Background Undernutrition is a major public health issue in children with congenital heart disease in Africa. In this conti-
nent, the degree of undernutrition also varies from country to country. Therefore, summarizing data concerning undernutri-
tion in children with congenital heart disease is essential to refine treatment guidelines and policies. This meta-analysis aims 
to deliver pooled data concerning undernutrition among African children with congenital heart disease.

Methods In this review, relevant studies were searched via PubMed/MEDLINE online, Science Direct, Hinari, Web 
of Science, CINHAL, EMBASE, WHO database, Google, and Google Scholar. To conduct this review, PRISMA guidelines 
were used. STATA 17 was used to estimate the pooled prevalence of undernutrition in children. A random effect meta-
analysis model was used to conduct this meta-analysis. The heterogeneity of the studies was evaluated by the I2 test. 
Publication bias was assessed via funnel plots supplemented with Egger’s weighted regression test. Finally, for all 
analyses, p < 0.05 was considered statistically significant.

Result In this review, a total of 5898 studies were found. Among these, 5878 were excluded using PRISMA, 
and the remaining 20 studies were included in the final analysis. The prevalence of undernutrition, underweight, wast-
ing, and stunting in children with congenital heart disease was 65.14% (95% CI 51.32–78.95,  I2 = 97.4%, p = 0.0001), 
45.76% (95% CI 35.83–55.69,  I2 = 96.7, p < 0.0001), 39.37% (95% CI 29.55–49.19,  I2 = 97.4, p < 0.0001), and 39.38% (95% CI 
33.02–45.72,  I2 = 92.4%, p < 0.0001), respectively. Anemia (OR = 4.5, 95% CI 1.60–12.68), CHF (OR = 5.98, 95% CI 3.09–
11.57), pulmonary hypertension (OR = 2.76, 95% CI 1.89–4.04), and age (OR = 2.78, 95% CI 1.79–4.31) were associated 
with undernutrition in children with CHD.

Conclusion In this meta-analysis, the pooled prevalence of undernutrition and its indicators in children with CHD 
were high. As a result, there is still a need to improve early screening and treatment of undernutrition in children 
with congenital heart disease concomitant with early screening and treatment of congenital heart disease and its 
common complications in Africa.
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Introduction
Undernutrition is a prevalent problem in the pediatric 
population in Africa. It usually occurs due to an improper 
diet or a poor socioeconomic background. However, it is 
important to note that undernutrition may result from 
medical conditions. As many studies have shown, con-
genital heart disease (CHD) is one of the leading causes 
of childhood malnutrition [1].

CHD is one of the most common congenital birth 
abnormalities with a high mortality rate [2]. Even 
though CHD is a global problem, children in low- and 
middle-income countries have disproportionally high 
rates of mortality and morbidity as compared to indus-
trialized countries. Every year, ~ 500,000 children are 
born with CHD in Africa [3]. For instance, from chil-
dren with cardiac disease (acquired and congenital) in 
Nigeria, 34.4%, 15.9%, and 11.6% of children had ven-
tricular septal defects (VSD), patent ductus arteriosus 
(PDA), and tetralogy of Fallot (TOF), respectively [4]. 
In addition, in Tanzania, from a total of CHD children, 
19.3% of children had VSD, 19.1% had patent duct 
PDA, 15.1% had ASD, and 4.6% had atrioventricular 
septal defect (AVSD). Furthermore, around 35% had 
cyanotic CHD, 13.3% TOF, followed by double outlet 
right ventricle (DORV) (3.6%) [5] from children with 
CHD. Approximately one-third of children with CHD 
require interventions such as open surgery, catheteri-
zation, and pharmacologic treatment. Because of the 
inadequacy of those interventions, those children are 
exposed to malnutrition [6]. Most children with CHD 
have a normal birth weight at birth. Even though they 
had a normal birth weight, those children develop 
nutritional and growth problems gradually, especially 
in the first month of life [6, 7]. According to the WHO 
and UNICEF joint report, 12.6% of children without 
CHD were underweight, 6.7% were wasted, and 22% 
were stunted [8]. However, the prevalence of malnu-
trition in children with CHD ranges from 15 to 64% 
globally [9]. The pooled prevalence of underweight, 
wasting, and stunting worldwide is 27.4%, 24.84%, 
and 24.4%, respectively, among CHD children [10]. 
In Europe, 28–54%, 22–51%, and 16–64% of children 
with CHD are underweight, stunted, and wasted, 
respectively. In addition, a study in Iran reported that 
60.9% of children with CHD were wasting, whereas 
61.8% were stunted [11]. In addition, recent DHS data 
in Africa showed that 34.7%, 14.8%, and 5.1% of chil-
dren without CHD were stunted, underweight, and 
wasted, respectively [12]. However, as studies have 
consistently shown in Africa, 52–92% of children with 
CHD develop undernutrition [13–17]. This showed 

that children with CHD were high risk for undernu-
trition as compared to children without CHD. Moreo-
ver, the prevalence of undernutrition among children 
with CHD varies according to the population stud-
ied. According to Okoromah and colleagues, a study 
done in Nigeria reported a prevalence of undernutri-
tion and severe undernutrition in children with CHD 
were (90.4%) and (61.2%), respectively. In addition, 
the prevalence of wasting in a cyanotic CHD was 
58.3% and the prevalence of stunting in children with 
cyanotic CHD was 68.0% [18]. Multiple heart defects, 
heart failure, delayed intervention, anemia, and pul-
monary hypertension increase the development 
of undernutrition in children with CHD [19]. This 
implies that the magnitude of undernutrition in chil-
dren with CHD varies from one country to another, 
the populations studied, and its risk factors. Despite 
the presence of variation in the magnitude of under-
nutrition in children with CHD in Africa, there were 
no regionally representative pooled data on the preva-
lence of undernutrition and associated factors in chil-
dren with CHD. Therefore, reliable and summarized 
information about undernutrition and associated 
factors in children with CHD is essential for refining 
government policies, strategies, and interventions in 
Africa. Thus, this systematic review and meta-analysis 
aimed to estimate the pooled prevalence of undernu-
trition and associated factors among children with 
CHD in Africa. As a result, the findings of this review 
and meta-analysis play a significant role in providing 
summarized evidence and suggesting possible appli-
cable strategies for planning, decision-making, and 
resource allocation in the African healthcare system.

Materials and methods
Study identification
This systematic review and meta-analysis followed the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) standards. To determine the 
final number of studies included in this meta-analysis, 
studies were searched using various search strategies. 
The published and unpublished studies on the prevalence 
of undernutrition, stunting, wasting, and underweight 
and associated factors among children with congenital 
heart disease in Africa were reviewed. During the review-
ing process, duplicate studies were checked and removed. 
After removing duplicated studies, irrelevant studies 
were excluded based on title and abstract. Then full-text 
articles were assessed for eligibility, and full-text articles 
that met all eligibility criteria were included in the final 
analysis.
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Eligibility criteria
This review included observational studies (cross-sec-
tional, cohort, and case–control) that assessed the prev-
alence of undernutrition, wasting, underweight, and 
stunting among children aged 0–18 years with congeni-
tal heart disease in Africa. This analysis excluded studies 
that did not report the prevalence of undernutrition or 
one or more undernutrition indicators (stunting, under-
weight, or wasting). Furthermore, in this review, we did 
not include case report, qualitative research, experimen-
tal investigations, systematic reviews, and review articles.

Outcomes of measurement
The outcome of this systematic review and meta-analysis 
is the pooled prevalence of undernutrition, underweight, 
wasting, and stunting and associated factors among chil-
dren with congenital heart disease in Africa. Studies 
used the WHO criteria to screen for stunting, under-
weight, and wasting using the height for age-Z score 
(HAZ), weight for age-Z score (WAZ), and weight for 
height-Z score (WHZ), respectively were included in this 
review. The prevalence was measured as the percentage 
of undernutrition, stunting, underweight, and wasting 
among children with congenital heart disease.

WHO z‑score criteria for underweight, wasting 
and stunting
Stunting—height-for-age < -2 SD of the WHO Child 
growth standards median;

Wasting—weight-for-height < -2 SD of the WHO Child 
growth standards median.

Underweight—weight-for-age < -2 standard deviations 
(SD) of the WHO Child growth standards median.

Source of information and search strategy
This study estimated the pooled prevalence of under-
nutrition, underweight, wasting, stunting, and their 
associated factors in Ethiopia. We checked the DARE 
(database of abstracts of reviews of effects) (http:// www. 
libra ry. UCSF. edu) and Cochrane Library to ensure that 
this had not been done before and to avoid duplication 
of the work. We also checked the PROSPERO database 
to ensure that there was an ongoing systemic review and 
meta-analysis with similar titles. These checked data-
bases reassured us that no previous similar studies had 
been performed.

Relevant studies were searched via the PubMed/MED-
LINE online, Science Direct, Hinari, CINHAL, and 
WHO databases. In addition, gray literature (Google and 
Google Scholar) was used to identify the required stud-
ies. The key terms prevalence, magnitude, proportion, 
malnutrition, undernutrition, stunting, underweight, 
wasting, nutritional status, nutritional assessment, 

anthropometric measurement, associated factors, deter-
minants, predictors, risk factors, congenital heart disease, 
congenital heart defects, congenital heart anomalies, 
children, and Africa were used to retrieve studies. These 
search terms were predefined to allow comprehensive 
search strategies that include all important studies. All 
fields included in the records and medical subject head-
ings (MeSH terms) combined with Boolean operations 
("OR", "AND") were used to search the advanced PubMed 
search engine (Supplementary file 1).

Quality appraisal
The principal investigator (MA), DB, and MS were per-
forming an initial review by title and abstract to eliminate 
articles that were visibly not important for this review. 
Full-text articles and abstracts that reported the magni-
tude or prevalence of undernutrition and one or more 
indicators of undernutrition (wasting, underweight, or 
stunting) and/or associated factors were included in this 
review. Three investigators (DB, KG, and TA) indepen-
dently screened the selected full-text studies using our 
eligibility criteria. During the selection process, disa-
greements among the authors were resolved by media-
tion of the fourth author (DS) for the final decision to be 
included in the analysis.

The quality of the studies was assessed via the New-
castle‒Ottawa quality assessment scale [20]. The tool 
has three main parts. The first parts focus on the 
methodological quality of each original study and are 
graded out of five stars. The second part assesses the 
comparability of primary studies with a possibility of 
a two-star score, and the final part of the tool meas-
ures the quality of the original articles in terms of their 
outcome and statistical analysis with a possibility of a 
three-star score. Four authors (TE, MG, AM, and MA) 
independently evaluated the quality and clarity of the 
methodology, the reported data, and the design of the 
included studies. Any discrepancy among the four 
authors during the quality assessment was resolved by 
discussion. Articles with a score of 7 or higher out of 
10 stars were considered to be of high-quality study 
and included in this meta-analysis.

Study selection and data extraction
The retrieved articles were exported to the reference 
manager software ZOTERO and used to remove dupli-
cate studies. Four independent reviewers screened the 
titles and abstracts. Any disagreement was handled 
on the basis of established article selection criteria. 
All necessary data were extracted via a standardized 
data extraction format prepared in Microsoft Excel for 
undernutrition, stunting, underweight, and wasting. 

http://www.library.UCSF.edu
http://www.library.UCSF.edu
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The extraction methods included the first author’s 
name, publication year, country, sample size, response 
rate, study design, and prevalence of undernutrition, 
underweight, stunting, wasting and associated factors.

Data analysis and interpretation
The data extracted from Microsoft Excel were 
exported to STATA Version 17.0 for analysis. A ran-
dom effect meta-analysis model was used to conduct 
this meta-analysis. A forest plot was used to show the 
pooled estimate of undernutrition with a 95% con-
fidence interval (CI). The heterogeneity of the stud-
ies was evaluated by the  I2 test. Publication bias was 
assessed via funnel plots supplemented with Egger’s 
weighted regression test. Subgroup analysis was per-
formed according to country, study design, and year of 
publication. Finally, for all analyses, p < 0.05 was con-
sidered statistically significant.

Results
A total of 5898 publications were found during the ini-
tial electronic database search of PubMed (166), Science 
Direct (2884), Hinari (869), CINHAL (1064), WHO (17), 
Google (16), and Google Scholar (882) databases. After 
2467 duplicates were removed, 3431 records remained. 
An additional 2882 records were excluded by title, and 
325 were excluded by abstract. The full texts of the 
remaining 224 articles were screened, and an additional 
204 articles were excluded by reason (country (outside 
Africa), (population (adult), and type of studies (sys-
temic review and meta-analysis) were excluded. Finally, 
20 records were included in this systematic review and 
meta-analysis (Fig. 1).

Characteristics of the included articles
In this review, 20 primary research articles with a total of 
3156 participants were considered. Seven of these studies 

Fig. 1 Flow chart describing the selection of primary studies conducted on under-nutrition among children with congenital heart disease in Africa
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were conducted in Nigeria, whereas five investigated 
undernutrition and its indicators (wasting, stunting, and 
underweight) in Ethiopia. Furthermore, five articles in 
Egypt and one each in Uganda, Kenya, South Africa, and 
Ghana assess the problem of undernutrition and its indi-
cators in children with CHD (Table 1).

This review included only observational studies, with 
sample sizes ranging from 40 to 373 in studies conducted 
in South Africa and Ethiopia, respectively. These studies 
employed WHO standards to determine underweight, 
wasting, and stunting. Seventeen studies reported wast-
ing and stunting, whereas sixteen reported being under-
weight. In addition, 11 studies reported undernutrition 
without considering wasting, underweight, and stunting 
separately. In the extracted records, Nigeria had the high-
est prevalence of undernutrition, whereas Ethiopia had 
the lowest prevalence of undernutrition (Table 1).

The prevalence of underweight was highest in Nige-
ria and lowest in Egypt. Similarly, Nigeria had the high-
est reported prevalence of wasting, whereas Egypt had 
the lowest. In addition, Egypt and Kenya presented the 
highest and lowest magnitudes of stunting, respectively 
(Table 1).

Meta‑analysis
The overall pooled prevalence of undernutrition among 
11 articles was 65.14% (95% CI 51.32–78.95,  I2 = 97.4%, 
p = 0.0001) (Fig. 2), whereas out of sixteen articles report-
ing underweight, the pooled prevalence of underweight 
was 45.76% (95% CI 35.83–55.69,  I2 = 96.7%, p < 0.0001) 
(Fig. 3). Similarly, the pooled prevalence of wasting was 
39.37% (95% CI 29.55–49.19,  I2 = 97.4%, p < 0.0001) 
(Fig.  4). In addition, the pooled prevalence of stunt-
ing among 17 articles was 39.38% (95% CI 33.05–45.72, 
 I2 = 92.4%, p < 0.0001) (Fig. 5).

Subgroup analysis
Subgroup analysis by country
The pooled prevalence of undernutrition in children with 
CHD was highest in Nigeria (77.8% (95% CI 63.38–92.14, 
 I2 = 91.9%, p = 0.0001)) and lowest in Ethiopia (40.9% 
(95% CI 20.1–61.8, I2 = 94.4, p = 0.0001)). Furthermore, 
the pooled prevalence of underweight among chil-
dren with congenital heart disease was high in Ethio-
pia (54.05% (95% CI 33.53–74.57,  I2 = 98%, p < 0.001)) 
and lowest in Egypt (23.46%(( CI 1.42- 45.5,  I2 = 96.6, 
p < 0.0001)). Moreover, the pooled prevalence of wast-
ing was high in Ethiopia (51.56%, (95% CI 38.8–64.3, 

Fig. 2 Forest plot showed the pooled prevalence of undernutrition at a 95% confidence interval
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 I2 = 94.4%, p < 0.001)) and lowest in Egypt 29.49% (95% 
CI 3.81–55.16,  I2 = 97.1%, p < 0.0001). Furthermore, the 
highest pooled prevalence of stunting was in Nigeria 
(45.44%, 95% CI 33.84–57.03,  I2 = 84.9%, p < 0.001), and 
the lowest was in Egypt (39.85%, 95% CI 18.51–61.18, 
 I2 = 94.4%, p < 0.001) (Table 2).

Subgroup analysis by year of publication
The pooled prevalence of undernutrition in children 
with CHD in studies published between 2019 and 2024 
was 52.2% (95% CI 38.87–65.58,  I2 = 95%, p < 0.0001), 
whereas from 2014 to 2019, it was 81.2% (95% CI 
71.88–90.43,  I2 = 85.4%, p < 0.0001). Furthermore, the 
pooled prevalence of underweight among children 
with congenital heart disease in Africa from studies 
published between 2019 and 2024 was 43.21% (95% 
CI 35.52–50.90, p < 0.0001), with high heterogeneity 
 (I2 = 89.8%). However, among papers published between 
2014 and 2019, the pooled prevalence of underweight 
was 48.73% (95% CI 27.72–68.78,  I2 = 98.2%, p < 0.0001). 
From 2014 to 2019, the pooled prevalence of wasting 
was 40.2% (95% CI 25.1–55.3,  I2 = 95.9%, p < 0.00001), 

whereas from 2020 to 2024, it was 38.9% (26.60–51.24, 
 I2 = 97.6%, p < 0.0001). Furthermore, the pooled preva-
lence of stunting was 48.7% (95% CI 41.01–56.45, 
 I2 = 83.6%, p < 0.00001) in publications published from 
2014 to 2019, whereas in research published from 
2020 to 2024, it was 32.58% (26.47–38.68,  I2 = 87.4%, 
p < 0.0001) (Table 2).

Subgroup analysis by study design
In all cross-sectional studies, the pooled prevalence of 
undernutrition among children with congenital heart 
disease was 56.3% (95% CI 40.72–71.79,  I2 = 97.1%, 
p < 0.0001). In the case–control studies, it was 87.1% 
(95% CI 82.72–91.49,  I2 = 0.00, p < 0.431). On the 
other hand, the pooled prevalence of underweight in 
children with congenital heart disease in Africa was 
50.23% (95% CI 43.44–57.02,  I2 = 89.3%, p < 0.0001) in 
cross-sectional studies and 34.55% (95% CI 3.06–66.04, 
 I2 = 98.9%, p < 0.0001) in case–control studies. In cross-
sectional studies, the pooled prevalence of wasting was 
37.4% (95% CI 26.3–48.5,  I2 = 97.5%, p = 0.507), whereas 
in case–control studies, it was 44.16% (27.48–60.85, 

Fig. 3 Forest plot showed the pooled prevalence of underweight at a 95% confidence interval. The diamond shape in the plot presents the pooled 
prevalence of underweight and the horizontal line in each study showed the confidence interval and the black rectangle on the horizontal line 
indicates the weight of each study
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 I2 = 94.3%, p < 0.001). In addition, in cross-sectional 
studies, the pooled prevalence of stunting was 38.28% 
(95% CI 31.17–45.38,  I2 = 92.4%, p < 0.0001), whereas 
in case–control studies, it was 41.96% (95% CI 29.61–
54.31,  I2 = 89.2%, p < 0.001) (Table 2).

Publication bias
A funnel plot is shown in Fig.  6, and Egger’s test 
(p = 0.316) for undernutrition revealed no publication 
bias. Figures 7 and 8 show a funnel plot for underweight 
and stunted individuals, indicating that there was no 
publication bias. Furthermore, the Egger test for under-
weight and stunting demonstrated the absence of pub-
lication bias, with p = 0.623 and p = 0.137, respectively. 
However, the funnel plot for wasting revealed the exist-
ence of publication bias. However, Egger’s test revealed 
no evidence of publication bias (p = 0.004) (Fig. 9).

Factors associated with undernutrition
In this review, many variables associated with under-
nutrition among children with congenital heart disease 
were identified from primary studies. However, variables 
significantly associated with undernutrition in at least 

three primary studies were incorporated into the analy-
sis. Accordingly, age, anemia, pulmonary hypertension, 
and congestive heart failure were significantly associated 
with undernutrition in children with CHD.

Age was reported as an associated factor with under-
nutrition in children with CHD in three primary studies. 
A total of 464 participants were included in the analysis 
to determine the association between age and under-
nutrition in children with CHD. The pooled odds ratio 
revealed that children aged less than one year were 2.61 
times more likely to be undernourished than children 
aged > 1  year with congenital heart disease (OR = 2.61; 
95% CI 1.77–3.86). In addition, three studies with a total 
of 707 participants reported that anemia was an associ-
ated factor for undernutrition in children with CHD. 
The odds of undernutrition among anemic children with 
CHD were 4.5 times greater than those among no ane-
mic children with CHD (OR = 4.5 (95% CI 1.6–12.68)). 
On the other hand, three studies with a sample size of 
881 were included in the analysis to determine the asso-
ciation of pulmonary hypertension with undernutri-
tion in children with CHD. The odds of undernutrition 
among pulmonary hypertensive children with CHD were 
2.76 times greater than those among non-pulmonary 

Fig. 4 Forest plot presented a pooled prevalence of wasting at a 95% confidence interval
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hypertensive children with CHD (OR = 2.76 (95% CI 
1.89–4.04)). Moreover, three primary articles with 759 
samples were included in the analysis to determine the 
associations of congestive heart failure with undernutri-
tion in CHD children. The odds of undernutrition among 
CHF children with CHD were 5.98 times greater than 
those among non-congestive heart failure children with 
CHD (OR = 5.98 (CI 3.09–11.57)) (Table 3).

Discussion
Undernutrition is one of the leading causes of high 
morbidity and mortality in African children with CHD. 
This systematic review and meta-analysis revealed the 
pooled prevalence of undernutrition, underweight, wast-
ing, and stunting among African children with congeni-
tal heart disease. According to this review, the pooled 
prevalence of undernutrition in children with CHD was 
66.69%, whereas the pooled prevalence of underweight 
was 45.76%. This is higher than the findings of studies in 
China (36.1%), Thailand (28%), and Italy (5.6%) [34–36]. 
The possible reason might be differences in the economy 
and accessibility of treatment among the population. In 
contrast, it is lower than that reported in studies con-
ducted in India (82.5–87.3%), Iraq (60.9%) and Indonesia 

(49%) [11, 37–39]. The reason for this high variation 
could be the variation in the magnitude of congenital 
heart disease in children in each country.

The pooled prevalence of wasting in this review was 
39.37%. This finding is significantly greater than those 
of studies conducted in China (29.7%), Thailand (22%), 
Italy (7.4%), and Indonesia (31.4%) [29–34] but lower 
than those of studies conducted in India (72.7%), Indo-
nesia (64%), and Iraq (60.9%) [11, 24]. The likely explana-
tion for this discrepancy could be a difference in parental 
awareness and knowledge, as children with congenital 
heart disease are at risk of malnutrition.

This study finding showed that the pooled prevalence 
of stunting was 39.38%. This finding is higher than those 
reported in studies conducted in China (21.3%), Thailand 
(16%), and Italy (6.5%) [34–36]. The possible reason for 
this discrepancy could be inadequacy of early screen-
ing and early treatment of children with CHD in Africa. 
In contrast, the estimated prevalence reported in this 
study is lower than that reported in studies from Wardha 
(58.7%), Maharashtra (43.6%), and Pradesh (53.8%) [25, 
26]. This review demonstrated that the pooled preva-
lence of stunting was lower than that reported in pre-
vious studies in Indonesia, such as Bali (51%), Jakarta 

Fig. 5 Forest plot presented a pooled prevalence of stunting at a 95% confidence interval
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(47.8%), and Iraq (61.8%) [40–42]. Furthermore, Dialo 
et al. reported that the pooled prevalence of undernutri-
tion in children with CHD was 27.4% underweight, 24.4% 

stunted, and 24.8% wasted [10]. This finding is lower than 
the pooled prevalence of underweight (45.76%), wasting 
(39.37%), and stunting (39.38%) in this meta-analysis. 
The possible justification for this variation could be the 
increase in the magnitude of CHD in Africa. This review 
finding showed that pooled prevalence of undernutrition 
and its indicatories varies in publication year and country 
the study conducted.

Year of publication
In this review, subgroup analysis by year of publication 
revealed that the pooled prevalence of undernutrition 
was 81.2%, underweight was 48.3%, wasting 40.2%, and 
stunting 48.7% in children with CHD from studies con-
ducted from 2014 to 2019 whereas in studies conducted 
from 2019 to 2024, the pooled prevalence of undernutri-
tion was 52.2%, underweight 43.2%, wasting 38.9%, and 
stunting 32.6%. These findings indicate that undernutri-
tion, underweight, wasting, and stunting among children 
with congenital heart disease remain a serious problems 
in Africa.

Country
In this review, subgroup analysis by country revealed that 
Ethiopia had a greater pooled prevalence of underweight 
and wasting (54.05%, 51.56%) than Egypt (23.5%, 29.5%) 
and Nigeria (52.9%, 48.7%) respectively. The possible rea-
son for this increment may be the scarcity of independ-
ent healthcare facilities for children with congenital heart 
disease to provide special care in most public hospitals 
in Ethiopia, which increases admissions of children with 
CHD due to inadequate nutrition.

Associated actors
In this review, we found that age less than 1  year, ane-
mia, pulmonary hypertension, and congestive heart 
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Fig. 6 Funnel plot and 95% confidence interval of undernutrition
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Fig. 9 Funnel plot and 95% of the confidence interval of wasting
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failure were associated with undernutrition in children 
with CHD. Children aged less than 1  year were 2.61 
times more prone to undernutrition than children aged 
greater than 1 year with CHD. The possible justification 
could be that children < 1  year of age are at greater risk 
for feeding difficulties and food intolerance as compared 
to children > 1  year of age. Moreover, children who sur-
vive beyond 1  year are more likely to have less severe 
CHD and therefore are likely at lower risk for undernu-
trition. In addition, CHD children with anemia were 4.5 
times more prone to undernutrition than CHD children 
without anemia. The scientific explanation for this asso-
ciation could be that anemic children are at risk for iron 
deficiency, which is the most important mineral for child 
growth and development. Further, children with pulmo-
nary hypertension were 2.76 times more likely to develop 
undernutrition than CHD children without pulmonary 
hypertension. The scientific explanation for this associa-
tion could be that children with pulmonary hypertension 
develop gastrointestinal edema because of decreased 
right ventricle function leads to decreased nutrient 
uptake [43]. On the other hand, the odds of undernutri-
tion in children with congestive heart failure were 5.98 
higher than those in children without congestive heart 
failure. The possible justification might be that congestive 
heart failure may affect the clinical stability of children 
with CHD, which leads to delays in performing surgi-
cal correction. Moreover, CHD children with congestive 
heart failure had increased metabolic needs, increased 
risk of feeding intolerance, and increased risk of mal-
absorption among others. As a consequence, the child 
becomes undernourished [44].

Limitations of the study
One of the limitations of this review was that not 
all countries in Africa were included to investigate 

undernutrition in children with CHD since not enough 
studies have been performed in all countries of this 
continent. In addition, this study included only studies 
conducted in Africa and did not consider studies con-
ducted outside of Africa. Furthermore, this analysis did 
not include papers published in languages other than 
English. In addition, factors associated with under-
weight, wasting, and stunting were not determined in 
this review because of the scarcity of studies. Therefore, 
future researchers should address these issues.

Conclusion
In this meta-analysis, the pooled prevalence of under-
nutrition and its indicators (underweight, wasting, and 
stunting) among children with CHD was high. Hence, 
there is still a need to improve early screening and 
treatment of undernutrition in children with CHD con-
comitant with early and comprehensive management of 
CHD, including medication, surgery, and ongoing care, 
which are necessary to alleviate the suffering of CHD 
children with undernutrition in Africa.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12967- 024- 05952-8.

Supplementary file 1: Searching strategies used in Pubmed engine.

Author contributions
Conceptualization: Mequanint Ayehu Akele, Migbar Sibhat, Tenagnework 
Eseyneh. Data curation: Mequanint Ayehu, Dires Birhanu, Tamalew Alemie, 
Kassa Genetu, Migbar Sibhat, Amare Mebrat. Formal analysis: Mequanint 
Ayehu, Daniel Sisay, Tenagnework Eseyneh. Investigation: Tenagnework 
Eseyneh, Molla Getie Meharie, Mequanint Ayehu, Daniel Sisay. Methodology: 
Mequanint Ayehu, Tenagnework Eseyneh, Molla Getie Mehari, Amare Mebrat. 
Project administration: Mequanint Ayehu. Resources: Mequanint Ayehu, Mig-
bar Sibhat. Software: Mequanint Ayehu, Daniel Sisay, Amare Mebrat, Migbar 
Sibhat. Supervision: Dires Birhanu, Kassa Genetu, Mequanint Ayehu. Validation: 

Table 3 summery of factors associated with undernutrition among children with congenital heart disease

Features Variables Number of 
studies

Studies included in 
the analysis

Odds ration with 95% CI Heterogeneity

I2 (%) p‑value

Undernutrition Anemia 3 Labib et al.
Biruk et al.
Batte et al.

4.5 (1.60, 12.68) 85.9 p < 0.0001

Age 3 Biruk et al.
Temesgen et al.
Redit et al.

2.78 (1.79, 4.31) 0.0 p = 0.518

Pulmonary hypertension 3 Temesgen et al.
Tamirat et al.
Mulat et al.

2.76 (1.89, 4.04) 17.2 p = 0.299

Congestive heart failure 3 Tamirat et al.
Mulat et al.
Batte et al.

5.98 (3.09, 11.57) 57.6 p < 0.095

https://doi.org/10.1186/s12967-024-05952-8
https://doi.org/10.1186/s12967-024-05952-8


Page 13 of 14Akele et al. Journal of Translational Medicine          (2025) 23:384  

Mequanint Ayehu, Tamalew Alemie, Dires Birhanu, Amare Mebrat. Visualiza-
tion: Tinagnework Eseyneh, Molla Getie. Writing – original draft: Mequanint 
Ayehu Akele, Tenagnework Eseyneh. Writing – review & editing: Mequanint 
Ayehu, Tenagnework Eseyneh, Daniel Sisay, Migbar Sibhat, Molla Getie, Amare 
Mebrat.

Funding
Not applicable.

Availability of data and materials
All data are available from the corresponding author upon reasonable request 
using this email: mequaninitayehu@gmail.com.

Declarations

Informed consent
In this study, informed consent was not required because the data were 
obtained from previously conducted primary studies.

Consent for publication
Not applicable.

Competing interests
The authors declare that there are no conflicts of interest.

Author details
1 Department of Nursing, College of Health Science and Medicine, Dilla 
University, Dilla, Ethiopia. 2 Department of Public Health, College of Medicine 
and Health Sciences, Injibara University, Injibara, Ethiopia. 3 Department 
of Medical Laboratory Science, College of Medicine and Health Sciences, 
Injibara University, Injibara, Ethiopia. 4 School of Public Health, College 
of Health Science and Medicine, Dilla University, Dilla, Ethiopia. 5 Department 
of Midwifery, College of Health Science and Medicine, Dilla University, Dilla, 
Ethiopia. 

Received: 2 September 2024   Accepted: 6 December 2024

References
 1. Su Z, Zou Z, Hay SI, Liu Y, Li S, Chen H, Naghavi M, Zimmerman MS, Martin 

GR, Wilner LB, Sable CA. Global, regional, and national time trends in 
mortality for congenital heart disease, 1990–2019: an age-period-cohort 
analysis for the Global Burden of Disease 2019 study. EClinicalMedicine. 
2022;1:43.

 2. Wu W, He J, Shao X. Incidence and mortality trend of congenital heart 
disease at the global, regional, and national level, 1990–2017. Medicine. 
2020;99(23): e20593.

 3. Hewitson J, Zilla P. Children’s heart disease in sub-Saharan Africa : 
challenging the burden of disease: children’s heart disease. SA Heart. 
2010;7(1):18–29.

 4. Chinawa AT, Chinawa JM. Compendium of cardiac diseases among chil-
dren presenting in tertiary institutions in southern Nigeria: a rising trend. 
Libyan J Med. 2021;16(1):1966217.

 5. Majani NG, Koster JR, Kalezi ZE, Letara N, Nkya D, Mongela S, et al. Spec-
trum of heart diseases in children in a National Cardiac Referral Center 
Tanzania, Eastern Africa: a six-year overview. Glob Heart. 2024;19(1):61.

 6. Luca A-C, Miron IC, Mîndru DE, Curpăn AT, Stan RC, et al. Optimal nutri-
tion parameters for neonates and infants with congenital heart disease. 
Nutrients. 2022;14(8):1671.

 7. Irving SY, Ravishankar C, Miller M, Chittams J, Stallings V, Medoff-Cooper 
B. Anthropometry based growth and body composition in infants with 
complex congenital heart disease. Clin Nurs Res. 2022;31(5):931–40.

 8. Levels and trends in child mortality 2019|UNICEF. 2019. Available 
from: https:// www. unicef. org/ repor ts/ levels- and- trends- child- morta 
lity- report- 2019.

 9. Larson-Nath C, Goday P. Malnutrition in children with chronic disease. Nut 
in Clin Prac. 2019;34(3):349–58.

 10. Diao J, Chen L, Wei J, Shu J, Li Y, Li J, et al. Prevalence of malnutrition in 
children with congenital heart disease: a systematic review and meta-
analysis. J Pediatr. 2022;1(242):39-47.e4.

 11. Alghanimi MKS, Alyasiri AA, Musa RF. Effect of the Congenital Heart Dis-
ease on Growth and Nutritional State of Children. DJM. 2018;15(2):52–67.

 12. Asmare AA, Agmas YA. Multilevel multivariate modeling on the associa-
tion between undernutrition indices of under-five children in East Africa 
countries: evidence from recent demographic health survey (DHS) data. 
BMC Nutri. 2023;9(1):82.

 13. Yahya S. Prevalence and factors associated with undernutrition among 
children with congenital heart disease at three tertiary hospitals in Nai-
robi, Kenya. Theses & Dissertations. 2022; Available from: https:// ecomm 
ons. aku. edu/ theses_ disse rtati ons/ 2059.

 14. Onalo R, Ajanaku IT, Dalili SM, Agbadi HE. Impact of unoperated con-
genital heart diseases on the nutritional status of children in a depressed 
economy. Cardiolog Res Cardiovasc Med. 2021;6:167.

 15. Arodiwe I, Chinawa J, Ujunwa F, Adiele D, Ukoha M, Obidike E. Nutritional 
status of congenital heart disease (CHD) patients: burden and determi-
nant of malnutrition at university of Nigeria teaching hospital Ituku—
Ozalla, Enugu. Pak J Med Sci. 2015;31(5):1140–5.

 16. Albert Labib N, Salah Hamza H, Samir Sedrak A, Ahmed HA. Prevalence 
and profile of malnutrition in under-five children with congenital heart 
diseases in Cairo University Pediatric Hospitals. Egypt Family Med J. 
2019;3(2):19–33.

 17. Abdelmoneim HM, Hawary BE, Soliman AME. Assessment of nutri-
tion state in children with heart diseases. Egypt J Hosp Med. 
2019;77(2):5049–55.

 18. Okoromah CAN, Ekure EN, Lesi FEA, Okunowo WO, Tijani BO, Okeiyi JC. 
Prevalence, profile and predictors of malnutrition in children with con-
genital heart defects: a case–control observational study. Arch Dis Child. 
2011;96(4):354.

 19. Batte A, Lwabi P, Lubega S, Kiguli S, Otwombe K, Chimoyi L, et al. Wasting, 
underweight and stunting among children with congenital heart disease 
presenting at Mulago hospital, Uganda. BMC Pediatr. 2017;17(1):10.

 20. Ottawa Hospital Research Institute. Available from: https:// www. ohri. ca/ 
progr ams/ clini cal_ epide miolo gy/ oxford. asp.

 21. Hassan BA, Albanna EA, Morsy SM, Siam AG, Al Shafie MM, Elsaadany HF, 
et al. Nutritional status in children with un-operated congenital heart 
disease: an Egyptian center experience. Front Pediatr. 2015;3:53.

 22. Balogun FM, Omokhodion SI. Nutritional profiles and selected parental 
factors among children with congenital heart diseases in Ibadan, Nigeria. 
Nigerian J Cardiol. 2015;12(2):89.

 23. Moges T, Gedlu E, Teka T. Factors affecting physical growth amongst chil-
dren with congenital heart disease: a case–control study in a tertiary car-
diac care center in Ethiopia. Ethiopian J Pediatr Child Health. 2018;13(1). 
Available from: https:// ejpch. net/ index. php/ ejpch/ artic le/ view/ 88.

 24. Isezuo KO, Waziri UM, Sani UM, Garba BI, Ahmad MM, Adamu A, et al. 
Nutritional status of children with congenital heart diseases at a Uni-
versity Teaching Hospital, North-Western Nigeria. Int J Trop Dis Health. 
2017;14:1–8.

 25. Ogunkunle OO. Nutritional status of children with congenital heart dis-
eases at the University College Hospital, Ibadan, Nigeria. Afr J Med Med 
Sci. 2017;46(4):425–33.

 26. Robyn S, Veronica N, Stephen B, Joanne P. Undernutrition in young 
children with congenital heart disease undergoing cardiac surgery in a 
low-income environment. BMC Pediatr. 2024;24(1):73.

 27. Woldesenbet R, Murugan R, Mulugeta F, Moges T. Nutritional status 
and associated factors among children with congenital heart disease 
in selected governmental hospitals and cardiac center, Addis Ababa 
Ethiopia. BMC Pediatr. 2021;21(1):538.

 28. Tsega T, Tesfaye T, Dessie A, Teshome T. Nutritional assessment and associ-
ated factors in children with congenital heart disease—Ethiopia. PLoS 
ONE. 2022;17(9): e0269518.

 29. Nguah SB, Yakubu C, Owusu SA, Mahama H, Abrafi E. Nutritional status 
of children with heart disease at the Komfo Anokye Teaching Hospital, 
Ghana. Afr J Curr Med Res. 2022;5(1).

 30. Assefa B, Tadele H. Severe acute malnutrition among unoperated Ethio-
pian children with congenital heart disease: a wake-up call to reverse 
the situation, a retrospective cross-sectional study. Ethiop J Health Sci. 
2020;30(5):707–14.

https://www.unicef.org/reports/levels-and-trends-child-mortality-report-2019
https://www.unicef.org/reports/levels-and-trends-child-mortality-report-2019
https://ecommons.aku.edu/theses_dissertations/2059
https://ecommons.aku.edu/theses_dissertations/2059
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://ejpch.net/index.php/ejpch/article/view/88


Page 14 of 14Akele et al. Journal of Translational Medicine          (2025) 23:384 

 31. Chinawa AT, Chinawa JM, Duru CO, Chukwu BF, Obumneme-Anyim 
I. Assessment of nutritional status of children with congenital heart 
disease: a comparative study. Front Nutr. 2021;8: 644030.

 32. Asrade M, Shehibo A, Tigabu Z. Magnitude of undernutrition and associ-
ated factors among children with cardiac disease at University of Gondar 
hospital, Ethiopia. BMC Nutrition.2021;7(1):43.

 33. El-Koofy N, Mahmoud AM, Fattouh AM. Nutritional rehabilitation for chil-
dren with congenital heart disease with left to right shunt. Turk J Pediatr. 
2017;59(4):442-451

 34. Ruan X, Ou J, Chen Y, Diao J, Huang P, Song X, Wei J, Sun M, Shi H, Li L, 
Tang J. Associated factors of undernutrition in children with congenital 
heart disease: a cross-sectional study. Front Pediatr. 2024;29(12):1167460.

 35. Ratanachu-Ek S, Pongdara A. Nutritional status of pediatric patients with 
congenital heart disease: pre- and post cardiac surgery. J Med Assoc Thai. 
2011;94(Suppl 3):S133-137.

 36. Palleri D, Bartolacelli Y, Balducci A, Bonetti S, Zanoni R, Ciuca C, et al. 
Moderate and severe congenital heart diseases adversely affect the 
growth of children in Italy: a retrospective monocentric study. Nutrients. 
2023;15(3):484.

 37. Murni IK, Patmasari L, Wirawan MT, Arafuri N, Nurani N, Sativa ER, et al. 
Outcome and factors associated with undernutrition among children 
with congenital heart disease. PLoS ONE. 2023;18(2): e0281753.

 38. Anjali K, et al. Nutritional assessment of children with congenital heart 
disease in a tertiary care centre, Aurangabad, Maharashtra. J Global J For 
Res Anal. 2021;10(3).

 39. Rubia B, Kher A. Anthropometric assessment in children with congenital 
heart disease. Int J Contemp Pediatr. 2018;22(5):634.

 40. Agustini W, Yantie NPVK, Gunawijaya E, Sidiartha GL, Pratiwi GAE. 
Underweight, stunted, and wasted among children with congenital 
heart disease: acyanotic versus cyanotic. Open Access Maced J Med Sci. 
2022;10(B):610–3.

 41. Musale A, Gomase S. Malnutrition in congenital heart disease. J Pharma-
ceut Res Int. 2021;29:444–50.

 42. Aufie A, Putra ST, Karyanti MR, Devaera Y. Risk factors affecting the 
length of improvement of nutritional status in children with congeni-
tal heart disease and malnutrition. Arch Pediatr Gastr Hepatol Nutr. 
2023;2(1):16–26.

 43. Kwant CT, Ruiter G, Noordegraaf AV. Malnutrition in pulmonary arterial 
hypertension: a possible role for dietary intervention. Curr Opin Pulm 
Med. 2019;25(5):405–9.

 44. Talassi BC, Konstantyner T, Miranda SA, Leite HP. Risk factors for insuf-
ficient weight and height gain in children with congenital heart 
disease followed up at a nutrition outpatient clinic. Rev Paul Pediatr. 
2022;40:e2020512.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Prevalence of undernutrition and associated factors among children with congenital heart disease in Africa: a systemic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Result 
	Conclusion 

	Introduction
	Materials and methods
	Study identification
	Eligibility criteria
	Outcomes of measurement
	WHO z-score criteria for underweight, wasting and stunting
	Source of information and search strategy
	Quality appraisal
	Study selection and data extraction
	Data analysis and interpretation

	Results
	Characteristics of the included articles
	Meta-analysis
	Subgroup analysis
	Subgroup analysis by country
	Subgroup analysis by year of publication
	Subgroup analysis by study design

	Publication bias
	Factors associated with undernutrition

	Discussion
	Year of publication
	Country
	Associated actors

	Limitations of the study

	Conclusion
	References


