
RESEARCH ARTICLE

Prevalence and determinants of

under-nutrition among children on ART in

Ethiopia: A systematic review and

meta-analysis

Belete Gelaw WalleID
1*, Nigusie SelomonID

2, Chalie Marew Tiruneh2, Bogale Chekole3,

Amare Kassaw2, Moges Wubneh4, Yibeltal Assefa5, Kelemu Abebe6

1 Department of Pediatric and Child Health Nursing, School of Nursing, College of Health Science and

Medicine, Wolaita Sodo University, Wolaita Sodo, Ethiopia, 2 Department of Pediatric and Child Health

Nursing, College of Medicine and Health Sciences, Debre Tabor University, Debre Tabor, Ethiopia,

3 Department of Pediatric and Child Health Nursing, College of Medicine and Health Sciences, Wolkite

University, Wolkite, Ethiopia, 4 Department of Adult health Nursing, College of Medicine and Health

Sciences, Debre Tabor University, Debre Tabor, Ethiopia, 5 School of Public Health, College of Health

Science and Medicine, Wolaita Sodo University, Wolaita Sodo, Ethiopia, 6 School of Midwifery, College of

Health Science and Medicine, Wolaita Sodo University, Wolaita Sodo, Ethiopia

* beletegz12@gmail.com

Abstract

Background

Children living with HIV/AIDS are particularly vulnerable to under-nutrition. Under-nutrition

associated with HIV/AIDS infection increases the rate of morbidity and mortality in children.

To reaffirm a future objective, there needs to be evidence regarding the current national bur-

den of under-nutrition and related factors among children infected with HIV. Hence, the

objective of this systematic review and meta-analysis was to estimate the pooled prevalence

of under-nutrition, and the pooled effect sizes of associated factors among HIV-infected chil-

dren in Ethiopia.

Methods

We searched Ethiopian universities’ online libraries, Google, Google Scholar, PubMed,

CINAHL, Cochrane Library, and Scopus to find the primary studies for this review. Publica-

tion bias was checked through Egger’s regression test. Heterogeneity among the included

studies was assessed using the I2 test. The data were extracted using Microsoft Excel and

exported to STATA Version 14 statistical software. A random effect meta-analysis model

was performed to estimate the pooled prevalence of Under-nutrition.

Results

After reviewing 1449 primary studies, 16 articles met the inclusion criteria and were included

in the final meta-analysis. The estimated pooled prevalence of stunting, underweight, and

wasting among children living with HIV/AIDS was 32.98% (95% CI: 22.47, 43.50), 29.76%

(95% CI: 21.87, 37.66), and 21.16% (95% CI: 14.96, 27.35) respectively.
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Conclusions

This study showed that under-nutrition among HIV-infected children in Ethiopia was signifi-

cantly high. Under-nutrition is more common among HIV-infected children with opportunistic

infections, child feeding problems, do not adhere to dietary recommendations, and have

diarrhea. The national policies and strategies for ART service- provider centers should maxi-

mize their emphasis on reducing under-nutrition among HIV-infected children. Based on this

finding, we recommend HIV intervention programs to address nutritional assessment and

interventions for HIV-infected children.

Protocol registration

The protocol has been registered in the PROSPERO database with a registration number of

CRD-394170.

Introduction

Under-nutrition is the result of recurrent infectious diseases and insufficient food consump-

tion. It includes stunting (being too short for one’s age), wasting (being thin), being under-

weight for one’s age, and micronutrient malnutrition (lacking of vitamins and minerals) [1].

Human immunodeficiency virus (HIV) and under-nutrition are highly interlinked diseases

that lead to severe immune suppression [2]. Under-nutrition and HIV infection are still major

public health concerns worldwide, particularly in sub-Saharan Africa. Both have the potential

to weaken the immune system and make people more prone to infection, morbidity, and mor-

tality [3, 4]. At the end of 2019, 38.0 million people were living with HIV worldwide, of which

nearly 1.8 million were children (age 0-14years) [5]. Poverty, HIV infection, and food insecu-

rity were found to be the leading causes of under-nutrition. Stunting, underweight, and wast-

ing were more prevalent among HIV- positive children than HIV- negative children [6–8].

Globally, there were approximately 50 million wasted and 156 million stunted children [9].

Under-nutrition is a well-known indicator of infants and young children’s nutritional status in

low and middle-income countries [10]. Under-nutrition and HIV infection increase the risk of

child growth failure, morbidity, and mortality [3, 11]. The magnitude of stunting, wasting, and

underweight are higher among HIV- infected children as compared with non-infected chil-

dren [6, 12, 13]. In developing countries, HIV infection has exacerbated the effects of under-

nutrition on children [14].

The rate of HIV-related mortality has been reduced since the launch of antiretroviral ther-

apy (ART) [15]. However, ART can cause metabolic disorders and have a negative impact on

children’s nutritional status, especially during the first months of treatment [16]. The problems

will interact (double burden) among HIV- infected children with under-nutrition. As a result,

providing ART service without nutritional management, or nutritional management without

ART service, may result in poor treatment outcomes [17].

Globally, under-nutrition is responsible for 35% of all child deaths, 11% of the disease bur-

den and the risk of death is tripled in HIV- infected children [18, 19]. Under-nutrition has

devastating health and socio-economic consequences at the household, individual, commu-

nity, and national level [18, 20]. Developing countries or economically disadvantaged regions

carried the highest burden of under-five mortality, accounting for more than one-third of total

under-five annual mortality due to under-nutrition [11].
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Despite Ethiopia’s initiatives to combat food insecurity and poverty, many areas remain

vulnerable to food insecurity and malnutrition [21]. Even after interventions by stakeholders,

child mortality from malnutrition remains a major public health concern, especially in devel-

oping countries such as Ethiopia. In Ethiopia, different studies [3, 8, 12, 22–31] showed the

prevalence of under nutrition with great inconsistencies across different geographical regions

at different periods of time. Identifying modifiable risk factors for under-nutrition among

HIV-infected children is a critical step in identifying potential interventions.

Furthermore, reliable, updated, and summarized nationwide pooled data on under-nutri-

tion among HIV-infected children is necessary to improve government policies, strategies,

and interventions. Therefore, this systematic review and meta-analysis aimed to estimate the

pooled national prevalence of under-nutrition and effect size of factors associated with under-

nutrition among HIV- infected children using currently available articles in Ethiopia. The

findings from this review will highlight the prevalence and factors of under-nutrition with

implications for improving health workers’ interventions, resource allocation, and for acceler-

ating the reduction of under-nutrition among HIV infected children in Ethiopia.

Materials and methods

Reporting

The findings of this meta-analysis and systematic review were organized and reported

through the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) guideline [32].

Study design, settings and search strategies

A systematic review and meta-analysis was done to estimate the pooled prevalence under-

nutrition and pooled effect size of factors associated with under-nutrition among HIV-infected

children in Ethiopia. Ethiopia is originated in the Horn of Africa. Ethiopia is bounded by

Sudan and South Sudan to the west, Kenya to the south, Eritrea to the north, and Djibouti and

Somalia to the east. The published and unpublished/grey literature describing the prevalence

and associated factors of under-nutrition (underweight, stunting, and wasting) among HIV-

infected children were reviewed. Both manual and electronic searches were used to find poten-

tially relevant articles. The Population, Exposure, Comparison, and Outcomes (PECO) search

formula was used in this review to search pertinent articles. All eligible HIV-infected children

were the population of interest for this study. The predictors or determinants of under-nutri-

tion included in this study were exposures. Comparisons were the reported reference group

for each predictor or determinant in each respective study. The outcome of interest was

under-nutrition among HIV-infected children. For each of the selected components of PECO,

an electronic database search was done through the medical subject heading [MeSH] words

and the keyword search.

Relevant articles were searched from Google for gray literature., Google Scholar, PubMed,

CINAHL, Cochrane Library, and Scopus. MeSH (Medical Subject Headings), Boolean opera-

tors and all fields within records were used to search in the advanced PubMed search engine.

The key words used for the advanced PubMed search strategy were ((((((((((((Prevalence [tw]

OR magnitude [tw]) OR ("Prevalence"[MeSH Terms] OR "magnitude"[MeSH Terms] OR

"incidence"[MeSH Terms])) AND (undernutrition [tw] OR nutritional deficiency [tw] OR

undernutrition[tw] OR malnourishment[tw] OR stunting[tw] OR wasting[tw] OR under-

weight[tw])) OR ("malnutrition"[MeSH Terms] OR "growth disorders"[MeSH Terms] OR

"cachexia"[MeSH Terms] OR "thinness"[MeSH Terms])) AND (factors[tw] OR determinants

[tw] OR risk factors[tw])) OR (" factors"[MeSH Terms] OR "risk factors"[MeSH Terms] OR "
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determinants "[MeSH Terms])) AND (Children[tw] OR Infant[tw])) OR ("child"[MeSH

Terms] OR "infant"[MeSH Terms])) AND (Antiretroviral therapy[tw] OR ART [tw])) OR

(("anti-retroviral agents"[All Fields] OR "anti-retroviral agents"[MeSH Terms] OR "therapeu-

tics"[MeSH Terms])) AND (Human Immunodeficiency Virus [tw] OR HIV [tw] OR AIDS))

OR ("HIV"[MeSH Terms] OR "acquired immunodeficiency syndrome"[MeSH Terms])) AND

(Ethiopia [tw]). The search of the articles was done by YA and BGW. All primary articles

reporting the prevalence of at least one underweight, wasting, or stunting and published in

English up to March 31, 2023 were included.

Measurement outcome variables

This review has two main objectives. The first objective of the study was to estimate the pooled

prevalence of under-nutrition among HIV-infected children in Ethiopia. The second objective

was to identify factors associated with under-nutrition (stunting, underweight and wasting)

among HIV- infected children in Ethiopia. The prevalence of childhood under-nutrition was

estimated by dividing the total number of study participants by the outcome of interest to the

overall children participating in the study multiplied by 100. In the included primary studies,

the prevalence of stunting, underweight, and wasting was measured using height for age- Z

score (HAZ), weight for age -Z score (WAZ), and weight for height -Z score (WHZ), <-2sd

respectively [33]. For the second objective, we determined the association between under-

nutrition and associated factors in the form of the log odds ratio.

Eligibility criteria

Inclusion criteria and exclusion criteria. Both published and unpublished observational

studies reporting the prevalence and associated factors of under-nutrition among HIV-

infected children in Ethiopia were considered. However, studies whose study participants

were either adults or both adults and children were excluded. Besides, studies that reported

neither the prevalence nor factors associated with under-nutrition (stunting, underweight and

wasting) among HIV- infected children weren’t eligible for this review. Conference reports

and articles without full text access were also excluded. The exclusion of these studies was

because of the inability to check the quality of the studies in the absence of full text. For further

clarity, the topic is described using a PICO format as follows:

Population (P): HIV-infected children

Intervention (I): Children living with HIV

Comparison (C): Children living without HIV

Outcome (O): Under-nutrition.

Data extraction process

The required data from the included primary articles were extracted by two reviewers (BGW

and KA) using a standardized data extraction format, adapted from the Joanna Briggs Institute

(JBI). The data extraction sheet was piloted using six randomly selected papers, and adjust-

ments were made after the template was piloted. Two reviewers assessed the retrieved articles

for inclusion using their title, abstract, and full text. Any disagreements during screening were

undertaken through discussion and consensus (Delphi technique). For the first outcome vari-

able (prevalence), the data extraction format included the primary author name, study area,

publication year, region(s) of the country where the study was done, study design, sample size,

response rate, and prevalence (stunting, underweight, wasting) with a 95% CI. For the second

outcome variable (factors), data were extracted in the format of two by two tables, and then the
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log odds ratio for each factor associated with stunting, underweight, or wasting was calculated

based on the findings of the primary studies.

Risk of bias assessment

Two authors (BGW and KA) independently assessed the included articles for risk of bias using

Hoy’s [33] bias assessment tool, which consists of ten criteria with four domains of bias to evalu-

ate internal and external validity. The first four criteria evaluate the presence of selection bias,

nonresponse bias, and external validity. The next six criteria evaluate the presence of measuring

bias, analysis-related bias, and internal validity. Each article was classified as either low, moder-

ate, or high risk of bias. Finally, the score of risk of bias was categorized based on the number of

“yes” per study: low risk (�8), moderate risk (6–7), and high risk of bias (�5) (S1 Table).

Quality assessment

Two investigators (BGW and KA) appraised the qualities of the included articles using the

Newcastle-Ottawa Scale quality assessment tool for observational studies [34]. The tool has

three sections, in which the first section focuses on the methodological quality of each original

study (i.e., sample size, response rate, and sampling technique) and is graded out of five stars.

The second section considers the comparability of the study cases or cohorts, with a probabil-

ity of two stars to be gained. The third section concerns outcomes and statistical analysis of the

original study, with the possibility of three star scores. Any inconsistencies between the two

quality evaluators were resolved by repeating the procedures and then taking the average of

the two assessment scores. Articles with a total score of� 6 from 10 and 9 for the cross-sec-

tional and cohort studies were considered to be of high quality, respectively (S2 Table).

Data processing and statistical analysis

The required data from each primary study was extracted using Microsoft Excel spreadsheet

format before analysis. The data were exported to STATA Version 14 statistical software for

analysis. The level of heterogeneity between primary studies was assessed through the I2 test

[35]. A random-effects meta-analysis model was employed to estimate the pooled prevalence.

To identify the possible source of heterogeneity, sub-group analysis was carried out using the

region(s) of the country, study design, and year of publication. Publication bias across studies

was assessed using a funnel plot (visual inspection) and Egger’s regression test at the 5% signif-

icant level [36, 37].

Results

Database search results

Initially, 1449 primary articles were retrieved reporting prevalence and factors associated with

under-nutrition among HIV-infected children using the range of databases previously

described. Of these initial articles, 664 were excluded due to duplications. From the remaining

articles, 253 were excluded after review of their titles and abstracts, and 309 were excluded due

to different reasons. Then, 223 full-text articles were assessed for eligibility based on the pre-

set criteria, and 207 articles were further excluded due to different reasons. Finally, 16 articles

met the eligibility criteria and were included in the final meta-analysis to determine the preva-

lence and associated factors of under-nutrition (Fig 1).
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General characteristics of included studies

As described in Table 1, among the included studies, 7 were done in the Amhara region [4,

23–25, 27, 31, 38], whereas 2 in Oromia [22, 30], 1 in Addis Ababa [39], 2 in Eastern Ethiopia

[3, 12], 1 in Harari [26], 2 from Sidama [28, 29], and 1 in the Southern Nations, Nationalities,

and Peoples (SNNP) [8]. Regarding study design and publication year, most studies (87.5%)

were cross-sectional, and published from 2012 to 2022, respectively. In this meta-analysis

study, 5,790 study participants were involved to determine the pooled prevalence of under-

nutrition among HIV-infected children. The sample size of the studies fluctuated between 108

[26] and 732 [40]. Concerning the methodological quality of the included studies, 13 studies

Fig 1. PRISMA 2020 flow chart of primary study selection for systematic review and meta-analysis of under nutrition among

HIV infected children in Ethiopia, from 2012–2022.

https://doi.org/10.1371/journal.pone.0303292.g001
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[3, 8, 12, 22–29, 31, 38] were evaluated based on the JBI check list for cross-sectional studies,

and the remaining 3 studies [30, 39, 40] based on the JBI check list for cohort studies. Regard-

ing to response rate, almost all articles had good response rate (>85%), which may, in part be

attributable to the use of interviewer-administered questionnaires to collect the data (Table 1).

Meta-analysis of under-nutrition

Prevalence of under-nutrition. A random effect meta-analysis model was computed to

estimate the pooled prevalence of under-nutrition among HIV-infected children in Ethiopia.

The pooled prevalence of stunting among HIV-infected children in Ethiopia was found to be

32.98% (95% CI: 22.47, 43.50, I2 = 98.90%, p<0.01) (Fig 2).

Similarly, this study revealed that the pooled prevalence of wasting among HIV-infected

children in Ethiopia was 21.16% (95% CI: 14.96, 27.35, I2 = 95.50%, p<0.01) (Fig 3).

Besides, the overall pooled prevalence of underweight among HIV-infected children was

29.76% (95% CI: 21.87, 37.66, I2 = 97%, p<0.01) (Fig 4).

There was significant variation across the included original studies to estimate the preva-

lence of stunting, underweight and wasting. In sensitivity analysis, the prevalence of stunting,

Table 1. General characteristics of studies included in systematic review and meta-analysis of under-nutrition and associated factors among HIV-infected children

in Ethiopia, from 2012–2022.

Author/s (reference) Study Design Publication

Year

Study area,

Region

Sample

size

Response rate

(%)

Stunting

(%)

Wasting

(%)

Under-weight

(%)

Quality

Haileselassie et al Cross-

sectional

2019 Eastern Ethiopia 390 96.60 24.70 28.20 Low

risk

Tiruneh et al Cross-

sectional

2021 SNNP 406 94.30 5.50 36.30 Low

risk

Gezahegn et al Cross-

sectional

2020 Eastern Ethiopia 414 97 30.90 Low

risk

Jeylan et al Cross-

sectional

2018 Oromia 412 100 13.40 21.80 Low

risk

Megabiaw et al Cross-

sectional

2012 Amhara 301 100 65.00 5.8 41.70 Low

risk

Kedir et al Cohort 2014 Oromia 560 72.70 51.60 Low

risk

Abdulkadir Cross-

sectional

2014 Amhara 142 100 46.50 31.70 40.80 Low

risk

Tiruneh et al Cross-

sectional

2022 Amhara 406 93.30 28.00 Low

risk

Teklemariam et al Cross-

sectional

2015 Harari 108 100 15.90 9.80 8.90 Low

risk

Mengist et al Cross-

sectional

2022 Amhara 270 100 10.70 27.00 15.90 Low

risk

Kusum Lata Cross-

sectional

2020 Sidama 455 92.30 60.20 21.40 41.20 Low

risk

Shiferaw and

Gebremedhin

Cross-

sectional

2020 Sidama 260 100 33.10 20.00 Low

risk

Sewale et al Cross-

sectional

2021 Amhara 372 100 45.20 Low

risk

Tekleab et al Cohort 2016 Addis Abeba 202 100 71.30 16.30 39.50 Low

risk

Kebede et al Cohort 2022 Amhara 732 98.50 21.36 16.50 19.97 Low

risk

Dessalegn et al Cross-

sectional

2021 Amhara 360 88.90 19.40 19.20 Low

risk

https://doi.org/10.1371/journal.pone.0303292.t001
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wasting, and underweight varied from 31.21 (95% CI: 20.68, 41.73) [39] to 36.70 (95% CI:

25.72, 47.67) [8] (S3 Table), 19.18 (95% CI: 12.84, 25.52) [8] to 23.12 (95% CI: 17.11, 29.13)

[23] (S4 Table), and from 25.86 (95% CI: 19.57, 32.15) [28] to 29.49 (95% CI: 22.86, 36.12)

[26] (S5 Table), respectively after the deletion of a single study. Accordingly, there is no study

away from the lower and upper limits of the confidence interval, which confirms that there is

no influential study.

Risk of publication bias in studies. Publication bias was assessed using the Egger test,

which showed no possibility of statistically significant publication bias for stunting (p-value

0.09), wasting (p-value 0.08), and underweight (p-value 0.43), respectively. We also performed

publication bias assessment using funnel plots, which have slight asymmetrical distributions

for stunting (Fig 5), wasting (Fig 6), and underweight (Fig 7), indicating publication bias.

Fig 2. Forest plot of the pooled prevalence of stunting among HIV- infected children in Ethiopia, from 2012–

2022.

https://doi.org/10.1371/journal.pone.0303292.g002

Fig 3. Forest plot of the pooled prevalence of wasting among HIV- infected children in Ethiopia, from 2012–2022.

https://doi.org/10.1371/journal.pone.0303292.g003
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Subgroup analysis. In this review, we performed subgroup analysis based on the region

of the country where studies were conducted, study design, and publication year to identify

the source of heterogeneity. Accordingly, the highest prevalence of stunting was observed in

Sidama with a prevalence of 46.71% (95% CI: 20.15, 73.27) and the lowest in eastern Ethiopia

at 27.77% (95% CI: 21.69, 33.84) (Table 2). The highest prevalence of underweight was

observed in the Oromia Region, with a prevalence of 36.69% (95% CI: 7.49, 65.90), and the

lowest in Amhara, 27.18% (95% CI: 19.72, 34.63) (Table 2). Additionally, the highest preva-

lence of wasting was in Sidama, 20.87% (95% CI: 17.90, 23.85), and the lowest was in Amhara

Region, 19.81% (95% CI: 9.71, 29.91) (Table 2). Regarding prevalence by study design, stunt-

ing among HIV-infected children was 30.79% (95% CI: 19.533, 42.06), 46.25% (95% CI: -2.69,

Fig 4. Forest plot of the pooled prevalence of under-weight among HIV- infected children in Ethiopia, from

2012–2022.

https://doi.org/10.1371/journal.pone.0303292.g004

Fig 5. Funnel plot with 95% confidence limits of the pooled prevalence of stunting among HIV- infected children

in Ethiopia, from 2012–2022.

https://doi.org/10.1371/journal.pone.0303292.g005
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95.19), from cross-sectional and cohort studies respectively (Table 2). On the other hand, the

overall prevalence of wasting was found to be 22.42% (95% CI: 14.10, 30.73) in cross-sectional

studies (Table 2) and 16.46% (95% CI: 14.08, 18.83) in cohort studies (Table 2). The pooled

prevalence of underweight among HIV-infected children was 27.03% (95% CI: 18.92, 35.15) in

cross-sectional studies (Table 2) and 36.97% (95% CI: 15.02, 58.93) in cohort studies

(Table 2). The overall prevalence of stunting among HIV-infected children was 42.51% (95%

CI: 12.24, 72.78) in studies published from 2012 to 2015 and 30.41% (95% CI: 19.45, 41.37) in

studies published from 2016 to 2022 (Table 2). The prevalence of wasting among HIV-infected

children was 15.33% (95% CI: 2.31, 28.35) in studies published from 2012 to 2015, whereas it

was 23.60% (95% CI: 18.22, 28.97) in studies published from 2016 to 2022 (Table 2). The

Fig 6. Funnel plot with 95% confidence limits of the pooled prevalence of wasting among HIV- infected children

in Ethiopia, from 2012–2022.

https://doi.org/10.1371/journal.pone.0303292.g006

Fig 7. Funnel plot with 95% confidence limits of the pooled prevalence of under-weight among HIV- infected

children in Ethiopia, from 2012–2022.

https://doi.org/10.1371/journal.pone.0303292.g007
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pooled prevalence of underweight among HIV-infected children was found to be 35.75% (95%

CI: 15.82, 55.68) in studies published from 2012 to 2015 (Table 2) and 26.30% (95% CI: 19.65,

32.96) in studies published from 2016 to 2022 (Table 2).

Associated factors of under-nutrition. In this meta-analysis, the associated factors were

categorized into three thematic areas. These were: 1. factors associated with stunting; 2. factors

associated with wasting; and 3. factors associated with underweight.

Factors associated with stunting. In this review, we examined the association between

variables and childhood stunting by using 14 primary studies [3, 12, 22–29, 31, 38–40]. For

this study, at least three primary studies with factors significantly associated with stunting

were incorporated. As shown in Figs 4 and 5, the occurrence of stunting was significantly asso-

ciated with opportunistic infections (OI) and child feeding problems. The results of these

seven primary studies indicated that stunting was significantly associated with OI [3, 8, 12, 22,

24, 29, 31]. The pooled odds ratio indicated that the likelihood of stunting occurrence was 3.15

times higher among children who were infected with any of the OIs as compared to their

counterparts (OR: 3.15, 95%CI: 1.85, 5.33, I2 = 99.3%, P<0.01) (Fig 8).

In addition, to determine the association between children with feeding problems and

stunting, four primary studies were included in the analysis [8, 22, 29, 31]. The pooled odds

ratio revealed that children with feeding problems were 2.55 times more likely to develop

stunting than their counterparts (OR: 2.55, 95%CI: 1.87, 3.48, I2 = 96.4%, P<0.01) (Fig 9).

Factors associated with wasting. In the meta-analysis of three primary studies [3, 28, 29],

the odds of wasting among HIV-infected children who had diarrhea were 2.6 times higher

than children who had no diarrhea (OR: 2.60, 95%CI: 1.55, 4.37, I2 = 99.3%, P<0.01) (Fig 10).

Besides, three primary studies were included in this meta-analysis to determine the associa-

tion between child feeding problems and the occurrence of wasting [3, 22, 23]. Accordingly,

children with feeding problems were significantly associated with wasting among HIV-

infected children in Ethiopia (OR: 2.25, 95% CI: 2.07, 2.44, I2 = 53.70%, P = 0.115) (Fig 11).

Factors associated with under-weight. In this meta-analysis, we examined the associa-

tion between dietary counseling and childhood underweight among HIV-infected children

using three original studies [23, 25, 28]. The results from these three studies revealed that the

occurrence of childhood underweight was significantly associated with dietary counseling sta-

tus. Consequently, the likelihood of childhood underweight occurrence was 3.93 times higher

among HIV-infected children who did not adhere to dietary counseling as compared to their

counterparts (OR: 3.93, 95%CI: 1.97, 7.85, I2 = 95.20%, P<0.01) (Fig 12).

Table 2. Summary of subgroup analysis for the pooled prevalence of under-nutrition among HIV-infected children in in Ethiopia, from 2012–2022 (n = 16).

Variables Subgroup Stunting,%(95%CI, I2
, P-value) Wasting,%(95% CI, I2, P-value) Underweight,%(95%CI, I2, P-value)

Region Amhara 34.55(19.25, 49.84,98.6, < 0.01) 19.81(9.71,29.91,96.4, < 0.01) 27.18(19.72,34.63,94.10,< 0.01)

Eastern Ethiopia 27.77(21.69, 33.84,74.2, 0.049) 28.20(23.73,32.67,100,-) 8.90(3.53,14.277,-)

SNNP 5.50 (3.28, 7.72,-) 36.30(31.62,40.98,-) 41.20(36.68,45.72,-)

Oromia 13.40 (10.11, 16.69,-) - 36.69(7.49,65.90,99,< 0.01)

Harari 15.90 (9.00, 22.80,-) 9.80(4.19,15.41,-) -

Sidama 46.71 (20.15, 73.27,-) 20.87(17.90,23.85,-,0.656) -

Addis Abeba 71.30 (65.06, 77.54,-) 16.30(11.21,21,39,-) 39.50(32.76,46.24,-)

Study design Cross-sectional 30.79(19.53,42.06,98.8, < 0.01) 22.42(14.10,30.73,96.4.< 0.01) 27.03(18.92,35.15,95.70,< 0.01)

Cohort 46.25(2.69,95.19, 99.5, < 0.01) 16.4(14.08,18.83,-,0.946) 36.97(15.02,58.93,98.70,< 0.01)

Publication year 2012–2015 42.51(12.24,72.78,98.3, < 0.01) 15.33(2.31,28.35,94.90, < 0.01) 35.75(15.82,55.68,98.10,< 0.01)

2016–2022 30.41(19.45,41.37,98.9, < 0.01) 23.60(18.22,28.97,91.2, < 0.01) 26.30(19.65,32.96,94.40,< 0.01)

https://doi.org/10.1371/journal.pone.0303292.t002
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Similarly, three included primary studies [22, 23, 28] reported that the family monthly

income level was not significantly associated with childhood underweight among HIV-

infected children in Ethiopia (OR: 0.80, 95%CI: 0.42, 1.52, I2 = 98.20%, P<0.01) (Fig 13).

Discussion

Under-nutrition is one of the major causes of morbidity and mortality among HIV-infected

children in Ethiopia. Though, the proportion of under-nutrition, particularly among HIV-

infected children, has not been fully explored. This meta-analysis was conducted to estimate

the national pooled prevalence of under-nutrition (stunting, wasting, and underweight) and

associated factors among HIV-infected children in Ethiopia. Hence, estimating the pooled

Fig 8. The pooled odds ratio of the association between opportunistic infection and stunting among HIV-

infected children in Ethiopia, from 2012–2022.

https://doi.org/10.1371/journal.pone.0303292.g008

Fig 9. The pooled odds ratio of the association between child feeding problem and stunting among HIV- infected

children in Ethiopia, from 2012–2022.

https://doi.org/10.1371/journal.pone.0303292.g009
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prevalence of under-nutrition and its contributing factors in Ethiopia could have value for pol-

icymakers and clinicians to take corrective action. The nationally pooled estimate of stunting,

wasting, and underweight was found to be 32.98% (95% CI: 22.47, 43.50), 21.16% (95% CI:

14.96, 27.35), and 29.76% (95% CI: 21.87, 37.66) respectively. Besides, opportunistic infection,

child feeding problems, diarrhea, and dietary counseling adherence were statistically signifi-

cant factors having positive odds of association with under-nutrition among HIV-infected

children in Ethiopia.

The result of this meta-analysis revealed that the pooled prevalence of stunting among

HIV-infected children in Ethiopia was 32.98% (95% CI: 22.47, 43.50). The result of this meta-

analysis was in line with studeis done on HIV-infected children in Central and West Africa

Fig 10. The pooled odds ratio of the association between childhood diarrhea and wasting among HIV- infected

children in Ethiopia, from 2012–2022.

https://doi.org/10.1371/journal.pone.0303292.g010

Fig 11. The pooled odds ratio of the association between child feeding problem and wasting among HIV- infected

children in Ethiopia, from 2012–2022.

https://doi.org/10.1371/journal.pone.0303292.g011
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(33%) [41], WHO report (32.5%) [42], and study conducted in developing region (41%) [43].

However, this finding was much lower than a meta-analysis conducted in southern Africa,

which found the prevalence of stunting at 61.1% [44] and in south India at 58% [45]. Our find-

ing was also lower than the meta-analysis conducted among HIV-infected children in African

countries, which estimated the prevalence of stunting among HIV-infected children to be

46.7% [46] and 49.68% [47]. The possible explanation for the above variation could be due to

the differences in the study subjects’ socio-demographic characteristics and diagnostic

approaches to stunting in the Ethiopian context and other countries.

In this meta-analysis, the pooled proportion of wasting among HIV–infected children in

Ethiopia was 21.16% (95% CI: 14.96, 27.35). This overall proportion is consistent with a

Fig 12. The pooled odds ratio of the association between dietary counseling adherence and under-weight among

HIV- infected children in Ethiopia, from 2012–2022.

https://doi.org/10.1371/journal.pone.0303292.g012

Fig 13. The pooled odds ratio of the association between family monthly income and under-weight among HIV-

infected children in Ethiopia, from 2012–2022.

https://doi.org/10.1371/journal.pone.0303292.g013

PLOS ONE Prevalence and determinants of under-nutrition among children on ART in Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0303292 June 20, 2024 14 / 19

https://doi.org/10.1371/journal.pone.0303292.g012
https://doi.org/10.1371/journal.pone.0303292.g013
https://doi.org/10.1371/journal.pone.0303292


systematic review conducted in sub-Saharan Africa, which showed the prevalence of wasting

ranged between 18.67% and 27.42% [46], as well as a study done in west and central African

countries 16% [41]. The finding is also in agreement with a systematic review conducted in

east Africa, which suggests a prevalence of 24.65% [47] and a study conducted in southern

Africa, which found a prevalence of 21.33% [44]. This finding is higher than studies conducted

in the industrialized world, which revealed a 14.5% prevalence of wasting among children

[43], and the WHO reported a 6.4% prevalence [42]. The possible explanation for the above

variation could be explained by the differences in socio-demographics, socio-economics, and

socio-cultural practices, which have a great impact on child health status, responses to disease,

and treatment outcomes. Another possible explanation might be related to the difference in

concerns and policies of governmental and non-governmental stakeholders towards the

impact of HIV on children’s nutritional status.

According to this meta-analysis, the pooled prevalence of underweight among HIV-

infected children in Ethiopia was 29.76% (95% CI: 21.87, 37.66). This finding is in line with a

previous meta-analysis conducted in sub-Saharan African countries (35.9%) [46]. This finding

is nearly twice as high as a study done in Nigeria [48]. Conversely, our finding is lower than a

meta-analysis conducted in east Africa (41%) [47], a study done in southern Africa (47.3%)

[44], and a study done in south India (65%) [45]. The reason for the discrepancy may be due

to the differences in geographical areas, sample size, and cultures of study participants.

In this meta-analysis, we also explored factors associated with under-nutrition among Ethi-

opian HIV-infected children. The results indicated that opportunistic infections (OI) and

child feeding problems were significantly associated with stunting. Diarrhea and feeding prob-

lems were found to be factors significantly associated with wasting. Dietary counseling adher-

ence was significantly associated with childhood underweight among HIV-infected children in

Ethiopia.

This meta-analysis revealed that children with opportunistic infections (OI) were 3.15

times more likely to be stunted than their counterparts. HIV/AIDS can have a negative impact

on the immune system, resulting in severe immune deficiency, which increases susceptibility

to infection, lowers food intake, and causes malnutrition. Children with feeding problems

were 2.55 times more likely to develop stunting than their counterparts. The reason might be

due to micronutrient deficiency and starvation from feeding problems associated with HIV

disease, which may lead to stunting. Moreover, the odds of wasting among HIV-infected chil-

dren who had diarrhea were 2.6 times higher than those who did not. This might be due to

decreased food consumption (poor appetite, inability to eat and swallow), increased energy

requirements, and decreased nutrient absorption in the child. The odds of wasting among

HIV-infected children who had feeding problems were also 2.25 times higher than those who

did not have a feeding problem. The reason could be that feeding problems often lead to nutri-

tional deficiencies, which in turn can hasten stunting.

Finally, the likelihood of childhood underweight occurrence was 3.93 times higher among

HIV-infected children who did not adhere to dietary counseling compared to their counter-

parts. This might be due to the fact that unhealthy eating habits can negatively affect the overall

quality of life, immunological function, and the effectiveness of antiretroviral therapy. So that

dietary counseling non-adherence may expose children to opportunistic infections and affect

the weight of HIV-infected children. As mothers are the most frequent primary caregivers for

their children, it is important to assess their child feeding practices and child antiretroviral

therapy adherence. HIV-infected children require more attention throughout their follow-up

as they are more vulnerable to under-nutrition (stunting, wasting, and underweight).
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Limitations of the study

This national review included only articles or reports studied in the English language, which

may limit some papers from being included. Besides, this study represented only studies con-

ducted in six regions and one administrative town of the country, which might be under-

representation due to the limited number of studies included. The majority (87.5%) of the

studies included were cross-sectional; subsequently, the outcome variables may be affected by

other confounding variables. Moreover, the majority of the studies included in this meta-anal-

ysis had a small sample size, which could affect the estimated prevalence of under-nutrition.

Conclusion

In this meta-analysis, under-nutrition among HIV-infected children in Ethiopia was found to

be significantly high. Opportunistic infection (OI) and child feeding problems were signifi-

cantly associated with stunting. Dietary counseling adherence was significantly associated with

underweight. Likewise, diarrhea and feeding problems were significantly associated with the

occurrence of wasting among HIV-infected children in Ethiopia. Thus, based on our results,

we recommend that particular emphasis shall be given to prevent under-nutrition and

improve treatment adherence, which in turn helps to hasten treatment outcomes.

Supporting information

S1 Checklist. PRISMA 2020 checklist.

(DOCX)

S1 Table. Risk of bias assessment for the included studies using the Hoy 2012 tool.

(DOCX)

S2 Table. Shows the quality score of each study using the Newcastle-Ottawa Scale (NOS)

quality assessment tool adapted for cross-sectional and cohort studies.

(DOCX)

S3 Table. Sensitivity analysis for the pooled prevalence of stunting in Ethiopia, from 2012–

2022.

(DOCX)

S4 Table. Sensitivity analysis for the pooled prevalence of wasting in Ethiopia, from 2012–

2022.

(DOCX)

S5 Table. Sensitivity analysis for the pooled prevalence of Under-weight in Ethiopia, from

2012–2022.

(DOCX)

Acknowledgments

We would like to express our special gratitude to the authors of primary studies that were

incorporated into this systematic review and meta-analysis.

Author Contributions

Conceptualization: Belete Gelaw Walle.

Data curation: Belete Gelaw Walle, Nigusie Selomon, Chalie Marew Tiruneh, Bogale Chekole,

Amare Kassaw, Moges Wubneh, Yibeltal Assefa, Kelemu Abebe.

PLOS ONE Prevalence and determinants of under-nutrition among children on ART in Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0303292 June 20, 2024 16 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0303292.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0303292.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0303292.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0303292.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0303292.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0303292.s006
https://doi.org/10.1371/journal.pone.0303292


Formal analysis: Belete Gelaw Walle, Bogale Chekole.

Investigation: Belete Gelaw Walle.

Methodology: Belete Gelaw Walle, Chalie Marew Tiruneh, Amare Kassaw.

Software: Belete Gelaw Walle, Amare Kassaw.

Validation: Belete Gelaw Walle, Nigusie Selomon, Yibeltal Assefa, Kelemu Abebe.

Visualization: Bogale Chekole, Yibeltal Assefa.

Writing – original draft: Belete Gelaw Walle.

Writing – review & editing: Nigusie Selomon, Chalie Marew Tiruneh, Moges Wubneh,

Kelemu Abebe.

References
1. Organization WH: WHO child growth standards and the identification of severe acute malnutrition in

infants and children: joint statement by the World Health Organization and the United Nations Children’s

Fund. 2009.

2. Yazew T, Daba A: Associated Factors of Wasting among Infants and Young Children (IYC) in Kuyu Dis-

trict, Northern Oromia, Ethiopia. BioMed Research International 2022, 2022. https://doi.org/10.1155/

2022/9170322 PMID: 35909485

3. Haileselassie B, Roba KT, Weldegebreal F: Undernutrition and its associated factors among pediatric

age children attending antiretroviral therapy in Eastern Ethiopia. East African Journal of Health and Bio-

medical Sciences 2019, 3(1):1–12.

4. Sewale Y, Hailu G, Sintayehu M, Moges NA, Alebel A: Magnitude of malnutrition and associated factors

among HIV infected children attending HIV-care in three public hospitals in East and West Gojjam

Zones, Amhara, Northwest, Ethiopia, 2017: a cross-sectional study. BMC research notes 2018, 11:1–6.

https://doi.org/10.1186/s13104-018-3882-8 PMID: 30390693

5. Organization WH: Global Health Observatory (GHO) data: Summary of the global HIV epidemic. 2019.

In.; 2019.

6. Poda GG, Hsu C-Y, Chao JC: Malnutrition is associated with HIV infection in children less than 5 years

in Bobo-Dioulasso City, Burkina Faso: A case–control study. Medicine 2017, 96(21). https://doi.org/10.

1097/MD.0000000000007019 PMID: 28538421

7. Anyabolu HC, Adejuyigbe EA, Adeodu OO: Undernutrition and anaemia among HAART-naïve HIV

infected children in Ile-Ife, Nigeria: a case-controlled, hospital based study. Pan African Medical Journal

2014, 18(1).

8. Tiruneh CM, Walle BG, Emiru TD, Tibebu NS, Abate MW, Nigat AB, et al: Under-nutrition and associ-

ated factors among children on ART in Southern Ethiopia: a facility-based cross-sectional study. Italian

Journal of Pediatrics 2021, 47(1):1–10.

9. ENN ENN: Children concurrently wasted and stunted: A meta-analysis of prevalence data of children

6–59 months from 84 countries. Field Exchange 57 2018:23.

10. Khara T, Mwangome M, Ngari M, Dolan C: Children concurrently wasted and stunted: A meta-analysis

of prevalence data of children 6–59 months from 84 countries. Maternal & child nutrition 2018, 14(2):

e12516.

11. Organization WH: Levels and trends in child malnutrition: UNICEF. 2021.

12. Gezahegn D, Egata G, Gobena T, Abebaw B: Predictors of stunting among pediatric children living with

HIV/AIDS, Eastern Ethiopia. Int J Public Health 2020, 9(2):82–89.

13. Nigusso FT, Mavhandu-Mudzusi AH: High magnitude of food insecurity and malnutrition among people

living with HIV/AIDS in Ethiopia: A call for integration of food and nutrition security with HIV treatment

and care Programme. Nutrition and Health 2021, 27(2):141–150. https://doi.org/10.1177/

0260106020971855 PMID: 33172349

14. Trehan I, O’Hare BA, Phiri A, Heikens GT: Challenges in the management of HIV-infected malnourished

children in sub-Saharan Africa. AIDS research and treatment 2012, 2012.

PLOS ONE Prevalence and determinants of under-nutrition among children on ART in Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0303292 June 20, 2024 17 / 19

https://doi.org/10.1155/2022/9170322
https://doi.org/10.1155/2022/9170322
http://www.ncbi.nlm.nih.gov/pubmed/35909485
https://doi.org/10.1186/s13104-018-3882-8
http://www.ncbi.nlm.nih.gov/pubmed/30390693
https://doi.org/10.1097/MD.0000000000007019
https://doi.org/10.1097/MD.0000000000007019
http://www.ncbi.nlm.nih.gov/pubmed/28538421
https://doi.org/10.1177/0260106020971855
https://doi.org/10.1177/0260106020971855
http://www.ncbi.nlm.nih.gov/pubmed/33172349
https://doi.org/10.1371/journal.pone.0303292


15. Quinn TC: HIV epidemiology and the effects of antiviral therapy on long-term consequences. AIDS

(London, England) 2008, 22(Suppl 3):S7. https://doi.org/10.1097/01.aids.0000327510.68503.e8

PMID: 18845925

16. Jesson J, Leroy V: Challenges of malnutrition care among HIV-infected children on antiretroviral treat-

ment in Africa. Medecine et maladies infectieuses 2015, 45(5):149–156. https://doi.org/10.1016/j.

medmal.2015.03.002 PMID: 25861689

17. Sidemo NB, Hebo SH: Nutritional status and its effect on treatment outcome among HIV-infected chil-

dren receiving first-line antiretroviral therapy in Arba Minch General Hospital and Arba Minch Health

Center, Gamo Zone, Southern Ethiopia: retrospective Cohort Study. In: Nutrition and HIV/AIDS-Implica-

tion for Treatment, Prevention and Cure. edn.: IntechOpen; 2019.

18. Davis TP, Wetzel C, Avilan EH, de Mendoza Lopes C, Chase RP, Winch PJ, et al: Reducing child global

undernutrition at scale in Sofala Province, Mozambique, using Care Group Volunteers to communicate

health messages to mothers. Global Health: Science and Practice 2013, 1(1):35–51. https://doi.org/10.

9745/GHSP-D-12-00045 PMID: 25276516

19. Paton NI, Sangeetha S, Earnest A, Bellamy R: The impact of malnutrition on survival and the CD4

count response in HIV-infected patients starting antiretroviral therapy. HIV medicine 2006, 7(5):323–

330. https://doi.org/10.1111/j.1468-1293.2006.00383.x PMID: 16945078

20. Colecraft E: HIV/AIDS: nutritional implications and impact on human development. Proceedings of the

Nutrition Society 2008, 67(1):109–113. https://doi.org/10.1017/S0029665108006095 PMID: 18234139

21. Bahru BA, Jebena MG, Birner R, Zeller M: Impact of Ethiopia’s productive safety net program on house-

hold food security and child nutrition: a marginal structural modeling approach. SSM-Population Health

2020, 12:100660. https://doi.org/10.1016/j.ssmph.2020.100660 PMID: 33005722

22. Jeylan A, Mohammed E, Girma A: Magnitude of stunting, thinness and associated factors among HIV

positive children attending chronic HIV care and support in Adama Hospital Medical College, Adama,

Oromia Regional State, Ethiopia. Int J Health Sci Res 2018, 8(11):245–256.

23. Megabiaw B, Wasie B, Rogers NL: Malnutrition among HIV-positive children at two referral hospitals in

Northwest Ethiopia. Ethiopian Journal of Health and Biomedical Sciences 2012, 5(1):3–10.

24. Abdulkadir: PREVALENCE OF MALNUTRITION AND ASSOCIATED FACTORS AMONG HIVIN-

FECTED CHILDREN AGED 6–59 MONTHS AT GONDAR UNIVERSITY HOSPITAL. NORTHWEST

ETHIOPIA: DEPARTMENT OF PEDIATRICS AND CHILDHEALTH, COLLEGE OF MEDICINE AND

HEATLH 2014.

25. Tiruneh CM, Emiru TD, Tibebu NS, Abate MW, Nigat AB, Bantie B, et al: Underweight and its associ-

ated factors among pediatrics attending HIV Care in South Gondar Zone public health facilities, North-

west Ethiopia, 2021. BMC pediatrics 2022, 22(1):1–6.

26. Teklemariam Z, Mitiku H, Mesfin F: Prevalence of anemia and nutritional status among HIV-positive

children receiving antiretroviral therapy in Harar, eastern Ethiopa. HIV/AIDS-Research and Palliative

Care 2015:191–196. https://doi.org/10.2147/HIV.S78845 PMID: 26089702

27. Mengist B, Terefe TF: Nutritional status of Human Immune virus-infected under-five children in North

West Ethiopia. International Journal of Africa Nursing Sciences 2022, 16:100431.

28. Lata K, Beyene W: Factors associated with nutritional status of human immunodeficiency virus infected

children Hawassa, Ethiopia. Int J Health Sci Res 2020, 10(5):50–59.

29. Shiferaw H, Gebremedhin S: Undernutrition among HIV-positive adolescents on antiretroviral therapy

in southern Ethiopia. Adolescent health, medicine and therapeutics 2020:101–111. https://doi.org/10.

2147/AHMT.S264311 PMID: 32903856

30. Adem AK, Alem D, Girmatsion F: Factors affecting survival of HIV positive children taking antiretroviral

therapy at Adama Referral Hospital and Medical College, Ethiopia. Journal of AIDS and Clinical

Research 2014, 5(3).

31. Sewale Y, Moges NA, Zewedie BT, Gebeyew AE, Giza M: Stunting and its Associated Factors among

Human Immuno-deficiency Virus Positive Children Who Receiving Anti-retro-viral Therapy in Northwest

Ethiopia: Multicenter Study. 2021.

32. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al: The PRISMA 2020

statement: an updated guideline for reporting systematic reviews. International journal of surgery 2021,

88:105906.

33. Hoy D, Brooks P, Woolf A, Blyth F, March L, Bain C, et al: Assessing risk of bias in prevalence studies:

modification of an existing tool and evidence of interrater agreement. Journal of clinical epidemiology

2012, 65(9):934–939. https://doi.org/10.1016/j.jclinepi.2011.11.014 PMID: 22742910

34. O’Connell WGSB, Losos DPJWV: M The Newcastle-Ottawa Scale (NOS) for assessing the quality of

nonrandomised studies in meta-analyses http://www.ohri.ca/programs/clinical_epidemiology/oxford.

asp 18. In.: Dec; 2018.

PLOS ONE Prevalence and determinants of under-nutrition among children on ART in Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0303292 June 20, 2024 18 / 19

https://doi.org/10.1097/01.aids.0000327510.68503.e8
http://www.ncbi.nlm.nih.gov/pubmed/18845925
https://doi.org/10.1016/j.medmal.2015.03.002
https://doi.org/10.1016/j.medmal.2015.03.002
http://www.ncbi.nlm.nih.gov/pubmed/25861689
https://doi.org/10.9745/GHSP-D-12-00045
https://doi.org/10.9745/GHSP-D-12-00045
http://www.ncbi.nlm.nih.gov/pubmed/25276516
https://doi.org/10.1111/j.1468-1293.2006.00383.x
http://www.ncbi.nlm.nih.gov/pubmed/16945078
https://doi.org/10.1017/S0029665108006095
http://www.ncbi.nlm.nih.gov/pubmed/18234139
https://doi.org/10.1016/j.ssmph.2020.100660
http://www.ncbi.nlm.nih.gov/pubmed/33005722
https://doi.org/10.2147/HIV.S78845
http://www.ncbi.nlm.nih.gov/pubmed/26089702
https://doi.org/10.2147/AHMT.S264311
https://doi.org/10.2147/AHMT.S264311
http://www.ncbi.nlm.nih.gov/pubmed/32903856
https://doi.org/10.1016/j.jclinepi.2011.11.014
http://www.ncbi.nlm.nih.gov/pubmed/22742910
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1371/journal.pone.0303292


35. Rücker G, Schwarzer G, Carpenter JR, Schumacher M: Undue reliance on I 2 in assessing heterogene-

ity may mislead. BMC medical research methodology 2008, 8:1–9.

36. Egger M, Smith GD, Schneider M, Minder C: Bias in meta-analysis detected by a simple, graphical test.

Bmj 1997, 315(7109):629–634. https://doi.org/10.1136/bmj.315.7109.629 PMID: 9310563

37. Borenstein M, Hedges LV, Higgins JP, Rothstein HR: A basic introduction to fixed-effect and random-

effects models for meta-analysis. Research synthesis methods 2010, 1(2):97–111. https://doi.org/10.

1002/jrsm.12 PMID: 26061376

38. Dessalegn N, Birhanu S, Birhanu M, Kassaw A, Kindie K, Adugna A: Undernutrition and Its Associated

Factors Among Human Immunodeficiency Virus Infected Children on Follow Up in Amhara Region

Referral Hospitals, Ethiopia, 2020. Global Pediatric Health 2021, 8:2333794X211039640. https://doi.

org/10.1177/2333794X211039640 PMID: 34423078

39. Tekleab AM, Tadesse BT, Giref AZ, Shimelis D, Gebre M: Anthropometric improvement among HIV

infected pre-school children following initiation of first line anti-retroviral therapy: implications for follow

up. PloS one 2016, 11(12):e0167565. https://doi.org/10.1371/journal.pone.0167565 PMID: 28030557

40. Molla M, Kebede F, Kebede T, Haile A: Effects of undernutrition and predictors on the survival status of

HIV-positive children after started antiretroviral therapy (ART) in Northwest Ethiopia. International Jour-

nal of Pediatrics 2022, 2022. https://doi.org/10.1155/2022/1046220 PMID: 35222650

41. Jesson J, Masson D, Adonon A, Tran C, Habarugira C, Zio R, et al: Prevalence of malnutrition among

HIV-infected children in Central and West-African HIV-care programmes supported by the Growing Up

Programme in 2011: a cross-sectional study. BMC infectious diseases 2015, 15(1):1–12. https://doi.

org/10.1186/s12879-015-0952-6 PMID: 26007232

42. Unicef, UNICEF: WHO-The World Bank: Joint child malnutrition estimates-Levels and trends. World

Health Organization, Geneva The World Bank, Washington, DC 2012.

43. Jesson J, Schomaker M, Malasteste K, Wati DK, Kariminia A, Sylla M, et al: Stunting and growth veloc-

ity of adolescents with perinatally acquired HIV: differential evolution for males and females. A multire-

gional analysis from the IeDEA global paediatric collaboration. Journal of the International AIDS Society

2019, 22(11):e25412. https://doi.org/10.1002/jia2.25412 PMID: 31702088

44. Davies M-A, Keiser O, Eley B, Rabie H, van Cutsem G, Giddy J, et al: Outcomes of the South African

national antiretroviral treatment programme for children: the IeDEA Southern Africa collaboration.

South African medical journal 2009, 99(10). PMID: 20128272

45. Padmapriyadarsini C, Pooranagangadevi N, Chandrasekaran K, Subramanyan S, Thiruvalluvan C,

Bhavani P, et al: Prevalence of underweight, stunting, and wasting among children infected with human

immunodeficiency virus in South India. International journal of pediatrics 2009, 2009. https://doi.org/10.

1155/2009/837627 PMID: 20041007

46. Nigussie J, Girma B, Molla A, Mareg M, Mihretu E: Under-nutrition and associated factors among chil-

dren infected with human immunodeficiency virus in sub-Saharan Africa: a systematic review and

meta-analysis. Archives of Public Health 2022, 80(1):1–14.

47. Abate BB, Aragie TG, Tesfaw G: Magnitude of underweight, wasting and stunting among HIV positive

children in East Africa: a systematic review and meta-analysis. PLoS One 2020, 15(9):e0238403.

https://doi.org/10.1371/journal.pone.0238403 PMID: 32941443

48. Anigilaje EA, Olutola A: Prevalence and risk factors of undernutrition among antiretroviral-therapy-

naïve subjects aged under 5 years old in Makurdi, Nigeria: a retrospective study. International journal of

general medicine 2015:131–141.

PLOS ONE Prevalence and determinants of under-nutrition among children on ART in Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0303292 June 20, 2024 19 / 19

https://doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563
https://doi.org/10.1002/jrsm.12
https://doi.org/10.1002/jrsm.12
http://www.ncbi.nlm.nih.gov/pubmed/26061376
https://doi.org/10.1177/2333794X211039640
https://doi.org/10.1177/2333794X211039640
http://www.ncbi.nlm.nih.gov/pubmed/34423078
https://doi.org/10.1371/journal.pone.0167565
http://www.ncbi.nlm.nih.gov/pubmed/28030557
https://doi.org/10.1155/2022/1046220
http://www.ncbi.nlm.nih.gov/pubmed/35222650
https://doi.org/10.1186/s12879-015-0952-6
https://doi.org/10.1186/s12879-015-0952-6
http://www.ncbi.nlm.nih.gov/pubmed/26007232
https://doi.org/10.1002/jia2.25412
http://www.ncbi.nlm.nih.gov/pubmed/31702088
http://www.ncbi.nlm.nih.gov/pubmed/20128272
https://doi.org/10.1155/2009/837627
https://doi.org/10.1155/2009/837627
http://www.ncbi.nlm.nih.gov/pubmed/20041007
https://doi.org/10.1371/journal.pone.0238403
http://www.ncbi.nlm.nih.gov/pubmed/32941443
https://doi.org/10.1371/journal.pone.0303292

