
Frontiers in Public Health 01 frontiersin.org

Prevalence and determinants of 
developmental delay among 
children in low- and 
middle-income countries: a 
systematic review and 
meta-analysis
Tesfaye Wondmagegn 1*, Bekahegn Girma 2 and 
Yosef Habtemariam 1

1 School of Medicine, College of Medicine and Health Science, Dilla University, Dilla, Ethiopia, 
2 Department of Nursing, College of Medicine and Health Science, Dilla University, Dilla, Ethiopia

Background: Developmental delay is a public health problem in low- and middle-
income countries. However, there is no summarized evidence in low- and middle-
income countries on developmental delay, and primary studies on this issue show 
varied and inconclusive results. This systematic review and meta-analysis aimed to 
assess the pooled magnitude of confirmed developmental delay and its determinants 
among children in low- and middle-income countries.

Methods: We followed the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) guidelines to write this systematic review and 
meta-analysis. Primary studies were searched from PubMed, PsycINFO, Hinari, 
Science Direct, African Journal of Online, Web of Science, and Google Scholar 
databases. The Newcastle–Ottawa Scale, adapted for the cross-sectional 
studies, was used to assess the quality of the included studies. Heterogeneity 
and publication bias were assessed by the I2 and Eggers tests, respectively. Due 
to the high heterogeneity, the random effects model was used for analysis. 
Odds ratios (ORs) with 95% confidence intervals (CIs) were used to show the 
association between developmental delay and its determinants.

Results: The pooled prevalence of confirmed developmental delay was 18.83, 95% 
CI (15.53–22.12). In the subgroup analysis, a high prevalence of developmental delay 
[26.69% (95% CI, 15.78–37.60)] was observed in studies performed in Africa. Maternal 
education [3.04; 95% CI (2.05, 4.52)] and low birth weight [3.61; 95% CI (1.72, 7.57)] 
were significant determinants of developmental delay.

Conclusion: The pooled prevalence of developmental delay in low- and middle-
income countries was high as compared to that in high-income countries. 
Maternal education level and weight at birth were significantly associated with 
developmental delays. Therefore, strategies should be designed to decrease the 
rate of low birth weight and the number of illiterate mothers living in low- and 
middle-income countries.

Systematic review registration: PROSPERO, CRD42024513060.
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Background

Early childhood development is the period from conception to the 
age of 8 years, which is a critical stage in the physical, emotional, and 
intellectual growth of a person (1, 2). The brain grows more during 
these years, and it is a time to lay the groundwork for learning, 
adapting to change, and ultimately succeeding in life (3). It is the 
fastest and most vulnerable stage for developmental delay (DD) (4).

DD refers to a wide range of impairments. It is classified as motor, 
adaptive, cognitive, linguistic, and social–emotional. DD is common 
and might involve a single domain or many domains (5).

In 2010, approximately 250 million children under the age of 
5 years were in danger of not reaching their full potential 
worldwide (6). In low- and middle-income countries (LMICs), 
easing child hardship may help with the fulfillment of health and 
poverty reduction objectives. Few studies have looked at 
population-representative child development and risk factors for 
the delay, even though the corpus of information on child 
development in LMIC contexts is rapidly growing (7–9).

DD is a chronic condition that is a direct cause of most morbidities 
that occur during life (10). The negative effects of childhood DD have 
been discussed in several literary studies, including the effects on 
emotion, behavior (11), parent–child relationships (12), educational 
achievement (13), and the economic impacts on families and society (14).

Several risk factors associated with the increased risk of DDs have 
been identified, including malnutrition, extreme poverty, chronic 
infections, low levels of stimulation in the early years, inadequate 
cognitive stimulation, iodine deficiency, iron deficiency anemia, 
maternal depression, and exposure to violence (15).

However, there is no summarized evidence in LMICs on DD, 
and primary studies on this issue had varied results. Therefore, 
summarized data are needed to assist in reaching Sustainable 
Development Goal Target 4.2, which asks countries to ensure that 
all children have access to high-quality early childhood 
development care and pre-primary education (16). Therefore, 
this study aimed to assess the pooled magnitude of DD and its 
determinants among children in LMICs.

Research questions

 • What is the pooled magnitude of DD among children in LMICs?
 • What are the determinants of DD among children in LMICs?

Methods

Our systematic review and meta-analysis were registered with the 
registration number CRD42024513060.

Eligibility criteria

We have used the population intervention comparator outcome 
(PICO) criteria to describe our research question. However, we had 
no intervention or comparators because our study was conducted by 
incorporating cross-sectional studies.

Population: Articles conducted among children under 18 years 
were incorporated.

Outcome: The outcome was a confirmed DD.
Study settings: Studies conducted in LMICs after 2010 were taken 

into consideration.
Study design: We  considered observational studies (cross-

sectional, case–control, and cohort) that show the prevalence of DD 
and/or determinants among children.

Language: We considered articles published in English.
Publication status: This review considered only published articles.
Studies that do not report the outcome variable and were 

conducted in the more vulnerable groups (malnutrition) were excluded.

Information source

PubMed, PsycINFO, Hinari, Science Direct, African Journal of 
Online (AJOL), Web of Science, Google Scholar databases, and 
Google were checked for primary articles conducted on DD.

Search strategy

We used the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) guidelines while producing this review 
and meta-analysis (17). We utilized “prevalence OR magnitude OR 
burden AND global developmental delay OR developmental delay OR 
neurodevelopmental delay AND children AND LMICs” to search 
primary articles for objective one. “Determinants OR predictors OR 
associated factors OR risk factors AND developmental delay OR 
confirmed developmental delay AND children AND LMICs” were 
used to search articles for objective two (Supplementary material S1). 
Studies conducted from 2010 until present were incorporated to 
produce solid proof. The Endnote version X6 program was used to 
organize citations and check for article duplication.

Risk of bias assessment

The Ottawa–Newcastle Scale, adapted for the cross-sectional 
study, was used to evaluate the strengths of the included studies (18). 
TW and BG independently evaluated the studies with the 
aforementioned tool. When assessing studies, selection criteria, 
comparability, and the method used to determine study outcomes 
were considered. Our review and meta-analysis included studies that 
scored at least 6 out of 10 on the Ottawa–Newcastle Scale.

Effect measures

In this review and meta-analysis, we evaluated two objectives. The 
pooled prevalence of DD among children was calculated by dividing 

Abbreviations: AJOL, African Journal of Online; ASQ, Ages and Stages 

Questionnaire; CI, confidence interval; DD, developmental delay; LMICs, low- and 

middle-income countries; OR, odds ratio; PRISMA, Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis.
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the number of children with DD by the total number of children 
included in this review and meta-analysis, multiplied by 100. The 
second objective was to assess the determinants of DD among children 
in LMICs. In this review and meta-analysis, factors identified as 
determinants of DD in at least two studies were considered for meta-
analysis. We used the odds ratio (OR) to express the pooled effect.

Selection of studies

Based on the predetermined inclusion and exclusion criteria, TW 
and BG separately evaluated the eligibility of studies in an unblended 
and undistinguishable manner. Any discrepancies that arose during 
the selection of the research were resolved through dialog, either by 
taking the average results of the two evaluators or by adding a 
third author.

Data extraction

Independently, TW and BG extracted all the required data using 
a regular Microsoft Excel spreadsheet. We used two data extraction 
formats. The author’s name, publication year, country, study design, 
sampling technique, sample size, response rate, quality score, and 
prevalence of DD were the main data extraction arrangements that 
were organized for the pooled prevalence of DD. Author name, 
publication year, and frequencies (a, b, c, and d) were assessed to 
identify determinants.

Synthesis methods

In this study, heterogeneity was assessed using the I2 test and 
categorized as low, moderate, or high heterogeneity if it was 50%, 
50–75%, or > 75%, respectively (19). Analysis was performed using 
STATA version 16. Because of the high heterogeneity, a random effects 
model was selected for analysis.

For each original article, the standard error was calculated using 
the binomial distribution formula. In order to identify the cause of 
heterogeneity, subgroup analysis was carried out (20–22). To describe 
the results of this study, systematic review and meta-analysis texts, 
tables, and forest plots were used.

Reporting bias assessments

Egger’s and Begg’s statistical tests (23) and funnel plots (24) were 
used to check publication bias. The presence of evidence for 

publication bias was declared when the p-value was less than 0.05. An 
odds ratio with a 95% confidence interval (CI) was used to 
express association.

Result

Study search and selection

We searched full-text publications and human studies published 
from 2010 until present. A total of 2,260 primary articles were 
scrutinized from PubMed, PsycINFO, Hinari, Science Direct, AJOL, 
Web of Science, Google Scholar, and Google databases. Among the 
total articles, 1,394 and 840 articles were excluded due to duplication 
and by title and abstract, respectively. Only 26 studies were selected 
for a full reading. However, an additional five studies were excluded 
due to them being conducted before 2010, in high-income countries, 
and on children with malnutrition (25–29) (Table 1). Finally, a total 
of 21 articles that fulfill the inclusion criteria were selected for the 
meta-analysis (Figure 1).

Characteristics of the included articles

This study was conducted on 54,067 children. A total of 21 studies 
were included in this study. All of the included studies were cross-
sectional in design (30–51). Moreover, almost half of the studies used 
the Ages and Stages Questionnaire (ASQ) to assess DD (27, 30, 31, 36, 
37, 39–41, 44, 46, 48). The highest prevalence of DD (56.4%) (43) was 
reported by a study conducted in Nepal, and the lowest prevalence was 
in a study conducted in Turkey (6.4%) (41). More than half (12) of the 
studies were conducted in Asian countries (30, 32, 38, 40, 41, 43, 45–
47, 49, 50). More than half (13) of the included studies used probability 
sampling techniques (simple, systematic, and stratified random 
sampling) to select participants. Moreover, 17 (81%) of the included 
studies were conducted among children under 5 years. Finally, among 
the included studies, only two of them were conducted on children 
above the age of 6 years (Table 2).

Results of syntheses and reporting bias

A forest plot was created, as observed in Figure 2, to display the 
outcomes of the included studies. This systematic review and meta-
analysis comprised 21 primary studies to estimate the pooled 
prevalence of DD. In the present systematic review and meta-analysis, 
the pooled prevalence of DD in LMICs was 18.83%, with a 95% CI of 
15.53–22.12.

TABLE 1 Studies excluded from meta-analysis, 2023.

No Authors Country Reason of exclusion

1 Chi DL et al., 2013 United States Steered in a high-income country

2 Sitaresmi MN et al., 2008 Indonesia Piloted before 2010

3 Wei Q et al., 2015 China Accompanied in a high-income country

4 Zhang J et al., 2018 China Navigated in a high-income country

5 Saleem J etal., 2021 Pakistan Conducted among vulnerable children (malnutrition)
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TABLE 2 Characteristics of the included studies to assess the prevalence of developmental delay and its determinants among children in LMICs, 2023 
(n  =  21).

Author
Publication 

year
Country Design

Sample 
size

Prevalence Tool
Quality 
score

Sampling 
technique

Population

Correia L et al. 2019 Brazil Cross-sectional 3,566 9.2 ASQ 9 Simple <6 Years

Bhattacharya T et al. 2017 India Cross-sectional 280 7.9 TDSC 8 Simple <2 years

Metwally A et al. 2022 Egypt Cross-sectional 41,640 6.7 VABSA 9 Survey <12 year

Taye A et al. 2022 Ethiopia Cross-sectional 390 22.6 ASQ 9 Systematic <5 years

Gupta S et al. 2021 India Cross-sectional 240 6.6 TDSC 8 Simple <5 years

Ali S et al. 2011 India Cross-sectional 530 19.8 ASQ 7 Simple <3 years

Sharma N et al. 2019 India Cross-sectional 450 16.2 RBSK 7 Systematic <6 years

Murphy R et al. 2019 Malawi Cross-sectional 960 11.7 MDAT 8 Simple <10 years

Westgard C et al. 2017 Peru Cross-sectional 611 26.7 ASQ 9 Survey <4 years

Dagvadorj A et al. 2018 Mongolia Cross-sectional 150 11 MORBAS 8 Survey <2 years

Bello A et al. 2013 Ghana Cross-sectional 389 44.6 ASQ 9 Survey <5 years

Shaahmadi F et al. 2014 Iran Cross-sectional 210 8.6 ASQ 8 Survey 4 month-1 year

Demirci A et al. 2015 Turkey Cross-sectional 1,514 6.4 ASQ 7 Systematic <5 years

Miller A et al. 2020 Madagascar Cross-sectional 432 16 ECDI 8 Simple 3–4 Years

BishwokarmaI A et al. 2022 Nepal Cross-sectional 165 56.4 DMC 9 Simple <5 years

Ahishakiye A et al. 2019 Rwanda Cross-sectional 445 52.6 ASQ 9 Survey 2–3 years

Butchon R et al. 2017 Thailand Cross-sectional 70 22.9 Denver II 7 Survey 1–5 Years

Yaghini O et al. 2015 Iran Cross-sectional 680 11.8 ASQ 8 Survey <5 years

Gunardi H et al. 2019 Indonesia Cross-sectional 290 10 KPSP 9 Stratified <3 years

Adeniyi Y et al. 2022 Nigeria Cross-sectional 587 33.7 ASQ 8 Systematic 6 weeks - 1 year

Sachdeva S et al. 2010 India Cross-sectional 468 7 ICMR 9 Systematic <3 years

FIGURE 1

Flow diagram of the studies included in the review of developmental delay among children in Ethiopia, 2023.
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The heterogeneity between studies was high, I2 = 98.4%, with a 
p-value of <0.01. To assess the source of heterogeneity, a subgroup 
analysis was conducted based on population and age. Studies 
conducted in Africa had a high prevalence of DD [26.69; 95% CI 
(15.78–37.60)] and heterogeneity (99.3% with p < 0.01) as compared 
to studies conducted in Asian and South American countries 
(Figure 3). Moreover, a subgroup analysis was conducted based on 
age, and there was a high prevalence of DD [21.20; 95% CI (15.27–
27.12)] and heterogeneity (98.3%; p < 0.01) among under children 
5 years (Figure 4).

Furthermore, in this study, there was publication bias, which was 
verified with an asymmetric funnel plot (Figure 5) and Egger’s test 
<0.01. After outlier studies (32, 41, 43, 44) abridged from the analysis, 
there was no change in Egger’s test value, with a p-value of <0.01 and 
the pooled prevalence was 16.56; 95% CI (13.25–19.67). Therefore, 
there was evidence for publication bias.

Determinants of developmental delay

In the present systematic review and meta-analysis, four 
determinants—birth interval (32, 37), birth weight (32, 44, 50), sex of 
the child (38, 50), and maternal education (32, 47, 49, 50)—that were 
reported as determinants in at least two primary studies were selected 

for meta-analysis. However, only two determinants, birth weight and 
maternal education levels, had remained significant 
determinants of DD.

A child born to a less educated mother had three times more 
risk [3.04; 95% CI (2.05, 4.52)] for DD as compared to their 
comparison group (Figure 6). In addition, children who had low 
weight at birth had a 3.6 times [3.61; 95% CI (1.72, 7.57)] higher risk 
for DD as compared to children who had normal birth weight 
(Figure 7).

Discussion

This systematic review and meta-analysis aimed to assess the 
pooled prevalence of DD among children in LMICs. In this review, the 
pooled prevalence of DD was 18.83%, with a 95% CI of 15.53–22.12.

This finding was low as compared to other studies conducted in 
LMICs (25%) (52) and China [35.7% (28) and 39.7% (27)], which 
might be due to the previous study conducted in LMICs estimating the 
prevalence of suspected DD rather than confirmed DD. Furthermore, 
this finding might be due to the studies conducted in China assessing 
people living in poverty-stricken rural areas that have high risk.

Our finding was high as compared to a systematic review and 
meta-analysis conducted in Iran (14.6%) (53). This difference might 

FIGURE 2

Forest plot of the included studies to assess the pooled prevalence of developmental delay among children in LMICs, 2023 (n  =  21).
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FIGURE 3

Subgroup analysis (based on region) of the included studies to assess the source of heterogeneity among studies conducted in LMICs, 2023 (n  =  21).

be due to the review conducted in Iran only incorporating six primary 
articles and navigating in a similar study environment with a 
similar population.

In this study, there was high heterogeneity between studies and 
publication bias, which might be due to the included studies assessing 
the outcome variable using different tools, and this study was 
conducted on a diversified population with different ages, lifestyles, 
and economic statuses.

In our subgroup analysis, a high prevalence of DD was observed 
among studies conducted in Africa. This finding was also supported 
by another study conducted in LMICs (52), which might be due to the 
fact that most of the African population is living in poverty and that 
the incidence of malnutrition, inappropriate childcare, and child abuse 
is high.

In this review and meta-analysis, children who had low weight at 
birth had high odds of DD, which might be because low birth weight 
has a latent effect on cognitive, motor, and communication skills (54). 
Furthermore, a child born to less educated mothers had a high risk of 
DD. This finding was supported by other studies performed in LMICs 
(55). This might be due to the fact that educated mothers have good 
knowledge about child development, which helps them provide 
quality care for their children.

Even though this was a systematic review and meta-analysis, it 
had its limitations. The first limitation was the presence of high 
heterogeneity and publication bias. Second, only studies published in 
the English language were included. Third, this review and meta-
analysis incorporated studies that were assessed using different tools 
and conducted in different areas and age categories. Finally, studies 
conducted among preterm neonates were also included.

Conclusion

The pooled prevalence of DD in LMICs was high, especially in 
Africa as compared to high-income countries. Low birth weight and 
low maternal education were found to be strongly associated with DD 
in the current review and meta-analysis.
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FIGURE 4

Subgroup analysis (based on the child age) of the included studies to assess the source of heterogeneity among studies conducted in LMICs, 2023 
(n  =  21).

FIGURE 5

Funnel plot of the included studies to assess publication bias among 
studies, 2023 (n  =  21).
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FIGURE 6

Maternal education and developmental delay among children in LMICs, 2023 (n  =  4).

FIGURE 7

Birth weight and developmental delay among children in LMICs, 2023 (n  =  3).
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