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Abstract

Background There is currently no comprehensive pooled analysis or regional synthesis previously been conducted
on the prevalence of early childhood caries (ECC) in the Southern Africa region. This study determined the prevalence
of ECC and its associated risk factors in the Southern African region.

Methods The systematic review and meta-analysis were registered with PROSPERO (CRD420251004718). PubMed,
Scopus, Web of Science, and AJOL databases were searched up to April 2025. Studies were included if they were
cross-sectional, cohort, or case-control. had to be published between 1st January 2000 and 31st March 2025 and had
to report the prevalence of ECC and associated risk factors in Southern Africa. There were no language restrictions.
Studies among children with special needs were excluded. Heterogeneity was evaluated using the I” statistic, while

a random-effects model was applied to estimate the overall prevalence of dental caries. The review followed the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. It utilised the Joanna Briggs Institute
Critical Appraisal Checklist to assess the methodological quality of the studies.

Results A total of 113 publications were identified through databases, and 15 publications (including 25,935
children) met the eligibility criteria for the systematic review and nine for the meta-analysis. The pooled prevalence of
ECCin Southern Africa was 52% (95% Cl: 44 to 59%; p < 0.00001). Studies with sample sizes greater than 500 reported
an ECC prevalence of 53% (95% Cl: 41-65%)), while those with fewer than 500 participants reported a prevalence of
50% (95% Cl: 46-54%). Hospital-based and school-based studies each reported a prevalence of ECC of 49% while
studies conducted in mixed settings reported a higher prevalence of 72%. The prevalence of ECC was higher among
males at 519% (95% Cl: 42-61%) compared to females at 46% (95% Cl: 38-54%). The risk factors associated with ECC
include sociodemographic and environmental risk factors, oral hygiene practices, feeding practices, dietary habits and
sugar consumption, and access to dental care and fluoride exposure.

Conclusions The prevalence of ECC in Southern Africa is high, driven by behavioural, environmental, and
sociodemographic factors. The results highlight the critical need for tailored preventive measures, such as better oral
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hygiene, appropriate feeding and dietary habits, and increased access to fluoride-based care to support effective

policy and planning to reduce the prevalence of ECC.

Keywords Caries, Dmft, Pufa, Primary dentition, Southern africa countries

Introduction

Early Childhood Caries (ECC), defined as decayed (non-
cavitated or cavitated), missing because of caries, or filled
surfaces in any primary teeth of children aged 71 months
or younger [1], is a significant public health problem
globally. The burden is higher in lower-income countries,
including Africa [2, 3], and among children from lower
socioeconomic backgrounds [4]. However, the global epi-
demiological profile suggests that the prevalence of ECC
increases with age, with a higher growth rate of Gross
National Income (GNI), and as the inequality index
improves [3, 5]. Countries with universal health cover-
age and countries with the highest life expectancy are less
likely to have a high prevalence of ECC [3, 5].

This ECC profile has implications for countries in
Africa where the growth rate of the GNI varies signifi-
cantly across countries and periods [6], the inequality
index is poorer [7], and the life expectancy is lower [8]
than the global average. In addition, there is the human
resource challenge with poor human dental resources [9,
10] that makes the availability of ECC more challenging
to access for effective resource allocation and planning
[5]. This is because, when untreated, the impact on the
quality of life of the children and the parent, and its long-
term impact in adult life, is huge [1-4]. This has impli-
cations for developing and implementing preventive
programs for ECC in the worst-affected countries.

Currently, the prevalence of untreated dental car-
ies in the permanent dentition of people five years and
older in Southern Africa is the second highest in the five
sub-regions in Africa, and the availability of dentists is
the third lowest after Western and Central Africa [10].
Although much of the available evidence on ECC in
South Africa has previously been synthesized in a sys-
tematic review [11], little is known about the broader
ECC profile across the Southern African subregion. This
current review is expanded in scope to other countries in
the sub-region and examines associated risk factors. In
doing so, it aims to generate evidence to inform policy
decisions, guide targeted prevention and treatment strat-
egies, and allocate resources effectively for improving
early childhood oral health outcomes in the sub-region
[3]. Socioeconomic factors such as high-income inequal-
ity, poverty, urban-rural disparities, and health challenges
such as high HIV prevalence are shared by countries of
the Southern African Development community, dis-
tinguishing them from other African sub-regions [12,
13]. These factors intersect with limited access to oral
health services and weak public health infrastructure,

aggravating the burden of ECC [13, 14]. Thus, a region-
specific synthesis is necessary to fill the gap and address
the public health [15] concern unique to the sub-region.
The study objective was to determine the estimated prev-
alence of ECC in Southern Africa and to identify associ-
ated risk factors for ECC in the region.

Methods

This systematic review was conducted following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) guidelines [16]. The protocol was
registered with the International Prospective Register of
Systematic Reviews PROSPERO (CRD420251004718)
and registered on 1st of April 2025.

Research questions

This systematic review and meta-analysis addressed
these two research questions: (1) What is the prevalence
of ECC in the Southern Africa region? (2) What are the
risk factors associated with ECC in the Southern Africa
region?

Eligibility criteria

Cross-sectional studies, cohort studies, clinical trials
that reported prevalence of ECC in the baseline data,
and case-control studies published with no language
restrictions from 1st January 2000 to 31st March 2025
that reported the prevalence of ECC and associated
risk factors in South Africa, Angola, Zimbabwe, Zam-
bia, Botswana, Namibia, Lesotho, Eswatini, Malawi, and
Mozambique were eligible for inclusion in the analysis.
The year 2000 serves as a cutoff point as it effectively
captures the modern era of public health in Southern
Africa, characterized by the post-ART landscape, global-
ized dietary patterns, and more contemporary healthcare
policies. Excluding earlier studies ensures that the syn-
thesized evidence on ECC prevalence and its risk factors
is temporally relevant and directly applicable to current
and future public health decision-making in the region,
thereby enhancing the validity, utility, and impact of the
review’s findings.

Studies among children with congenital abnormalities,
systemic diseases, special needs, children with comor-
bid states, and multiple age groups beyond 71 months
were excluded. Furthermore, review articles, systematic
reviews and meta-analyses, case reports, case series, in
vitro studies, and commentaries or letters (including edi-
torials and opinion pieces) were excluded.
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Data sources, search terms, and search strategy

Detailed search strings and strategies were appropriately
created with terms related to the keywords (caries, early
childhood caries, dmft, pufa, primary dentition) and
adapted to PubMed, Scopus, Web of Science, and AJOL
databases (Supplemental Files 1-4). The search was con-
ducted in April 2025. All articles from the initial search
results were uploaded to the Rayyan software. An addi-
tional hand search was performed by reviewing the refer-
ences of included studies, including previous systematic
reviews and meta-analyses. In addition, unpublished
studies, surveys, and school-based oral health initiatives
data that may provide valuable insights into the preva-
lence of ECC and its associated risk factors in Southern
African countries were retrieved and reviewed. The den-
tal schools and oral health institutions listed with the
World Health Organization African Region were con-
tacted for possible grey materials through the email con-
tacts provided. Where manuscripts were needed, authors
were also contacted to share copies of their manuscripts.

Study selection

Eligibility screening for the studies was conducted using
the PEO framework, which considers Population, Expo-
sure, and Outcomes. The target population included chil-
dren aged 71 months and below living in any country in
Southern Africa, regardless of sex. ECC served as the pri-
mary exposure of interest, with the main outcome being
its prevalence within this population group.

The study selection occurred in three stages. First, the
titles and abstracts of all retrieved articles were screened
against the predefined inclusion and exclusion criteria
by two authors (RA and OO) independently. Studies that
met the eligibility requirements were retrieved for full-
text review. The full content of each retrieved article was
assessed independently by the two authors to confirm its
relevance to the research question. Discrepancies were
resolved by consensus through discussion and consult-
ing a third reviewer (AA) when consensus could not be
reached. The final synthesis included only studies that
met the eligibility criteria. Details of the studies excluded
and the reasons for exclusion are provided in Supplemen-
tal File 2.

Inter-rater reliability was assessed using the intraclass
correlation coefficient to establish the level of agreement
between the two reviewers. For the full texts screened,
an intraclass correlation coefficient of 0.88 was obtained,
indicating strong agreement [33]. Supplemental File 3
shows the mean quality scores assigned by each assessor
across the 15 included studies. The scores were similar
between assessors, with Assessor A averaging 8.07 (SD =
0.88) and Assessor B averaging 8.27 (SD = 0.80), suggest-
ing general agreement in appraisal of study quality.
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Data extraction

A data extraction form was developed to collate rel-
evant information from the included studies. The data
extracted were the study characteristics (name of first
author, year of publication, country where the study was
conducted, study design, sampling method, study setting,
and sample size), prevalence of ECC (overall and age-spe-
cific), and risk factors associated with ECC.

The extracted data were recorded in Microsoft Excel
to facilitate data management and analysis by OO
and AOA. A third independent reviewer (RA) cross-
checked the extracted data to ensure accuracy and mini-
mise errors. Discrepancies between the reviewers were
resolved through discussion.

Quality and risk of bias assessment
The risk of bias of included studies was assessed with the
Joanna Briggs Institute (JBI) critical appraisal checklist
for prevalence studies. A high risk of bias was identified
when positive responses were 49% or lower; a moderate
risk of bias was assigned when positive responses ranged
between 50% and 69%; and a low risk of bias was deter-
mined when positive responses were equal to or exceeded
70% in the studies [17]. Similar to the thresholds that
have been applied in previous systematic reviews [18, 19].
The assessment was carried out independently by two
trained authors (RA and OO) and discrepancies resolved
by consensus. Details of the quality assessment were pro-
vided in Supplemental File 3. Disagreements at the full-
text stage were resolved through discussion with a third
reviewer (AA).

Publication bias assessment

The publication bias was assessed with the symme-
try of the funnel plot of the studies included in the
meta-analysis.

Sensitivity assessment

A sensitivity analysis was conducted using a leave-one-
out approach to examine how the risk of bias influences
the prevalence of ECC in the Southern Africa region.

Subgroup assessment

Structured subgroup analyses were conducted to evalu-
ate how predetermined moderating factors influenced
the overall prevalence of ECC in the Southern African
nations. The following variables were selected due to
their ability to account for differences between studies:
the sample size and the setting of the study.

Data analysis

The data analysis for this systematic review and meta-
analysis was conducted using RevMan 5.4.1 (The Nordic
Cochrane Centre, Copenhagen, Denmark), ensuring a
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rigorous and standardised approach to synthesising find-
ings. The primary analysis focused on pooling prevalence
estimates of ECC across included studies. The effect size
was presented by a 95% confidence interval (CI). For all
statistical tests, except for heterogeneity assessment, a
p<0.05 was considered statistically significant.

To ensure statistical robustness, the inverse variance
method (Generic Inverse Variance) was applied to cal-
culate the pooled effect to minimise bias. Cochran’s Q
statistic test and Higgins and Thompson’s I” statistic were
used to evaluate the level of variability across studies. A
p>0.05 for the Q-statistic indicated significant heteroge-
neity. An I? value above 50% was indicative of substantial
heterogeneity.

Forest plots were drawn to condense data from mul-
tiple studies into a single, intuitive visual that provides
a more statistically reliable pooled prevalence of ECC. It
shows whether studies are consistent, highlights outliers,
and communicates the uncertainty of estimates through
confidence intervals. The column labelled ‘events/total’
shows the number of children with ECC out of the total
sample in each study, while the ‘total’ column indicates
the overall sample size for each study. The ‘prevalence’
column provides the proportion affected.

Results

Study selection

A total of 113 publications were identified from Scopus,
Web of Science, PubMed, and AJOL. The publications were
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uploaded to Rayyan, and 31 articles were removed due
to duplication. Of the 82 publications screened, five were
identified for full-text screening. Details of the 77 excluded
are in Supplemental File 2. Additionally, 62 publications
were retrieved from other sources, of which 10 were
selected for full-text screening. Finally, 15 publications
were eligible for full-text screening. A PRISMA flow dia-
gram (Fig. 1) was used to document the selection process.

Characteristics of the included studies

Table 1 shows that the 15 included studies were from
four of the 10 countries in the Southern Africa region:
Angola [28], Namibia [25], Mozambique [24, 29], and
South Africa [18-24, 26, 27, 30-32]. Twelve (80%) of the
included studies were from South Africa.

The data from the reported studies were published
between 2000 and 2023: eight (53.3%) between 2000 and
2008 [18-23, 30, 32], five (36%) between 2012 and 2018
[24-27, 31], and 2(14%) between 2022 and 2023 [28, 29].
The studies included 25,935 children. The sample sizes
ranged from 120 [22] to 7555 [20]. The number of female
participants was 4,276, and the number of male partici-
pants was 4,272, as reported by 11 (73%) of the included
studies, while 4 (27%) [18, 19, 30, 32] of the included
studies did not report the sample sizes by sex.

Five studies reported ECC prevalence among children
aged 2 to 5 years [18, 20, 21, 26, 29], two among 4- to
5-year-olds [19, 24], one among 5-year-olds [28], and
four reported the prevalence among children 5 months to
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Fig. 1 PRISMA flow diagram of ECC in Southern Africa
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71 months [22, 23, 25, 27]. One study included data on
children from less than 1 year to 5 years [31], and another
study included data on 1- and 5-year-olds alone [30]. The
study settings were schools [18, 21, 23, 24, 27, 28, 32], the
community [30], creches [19, 20, 26], and hospital-based
[22, 25, 29, 31, 32].

The prevalence and severity of ECC were measured with
the decayed missing and filled Teeth (dmft) index by 12
(80%) of the included studies, 2(13%) used dmft and pulpal
involvement, ulceration, fistula and abscess (pufa) index, and
1(7%) used the International Caries Detection and Assess-
ment System (ICDAS), Lesion Activity Assessment (LAA).

Associated risk factors for early childhood caries

Table 2 shows the summary of associated risk factors for
early childhood caries from the included studies, cat-
egorised into social, behavioural, structural, and environ-
mental risk factors.

Social risk factors

Peri-urban school settings [30], low parental education
[28] (OR:3.87;1,38 - 10,82) [31], and limited access to
dental services [30] were associated with increased risk of
ECC. Similarly, ECC was more common and severe among
children of unemployed parents (OR: 1.51; 1.15-1.98) and
those from middle-income families (OR: 1.25;1.05-1.50)
[24]. In addition, race/ethnicity was highlighted, with ECC
being more severe in coloured children (OR: 2.34;1.78—
3.07) than among white children [23]. Furthermore, the
prevalence of ECC was lower among older preschool-aged
children (4-5 years) (OR:0.134; 0.48-3.79) [31] compared
to younger children aged 2-3 years, who had higher odds
of developing severe forms of ECC [23, 28].

Behavioural risk factors

Some of the included studies suggested associations
between oral hygiene practices and ECC. Brushing the
teeth once daily [32], not cleaning teeth after feeding
(OR:0.97;0.44-2.15) [33], delayed initiation of brush-
ing beyond 12 months [29], a lack of caregiver supervi-
sion during brushing (OR:25.17;7.14—88.76) [31], and
limited caregiver knowledge of children’s toothbrush-
ing [28] were reported as potential risk factors from the
included studies. ECC appeared more prevalent and
severe among urban children facing higher sugar expo-
sure (OR: 1.07;1.02-1.12) and lower fluoride levels in
drinking water (OR: 0.80; 0.64—0.99) [25]. Increased risk
for ECC was reported with improper feeding habits, such
as bottle use (OR: 2.32;1.15-4.68) [33] and sugary diets
[22, 27], prolonged bottle feeding [24], breastfeeding
beyond 18 months [24], and nighttime feeding more than
twice nightly [24, 31]. In addition, daily consumption of
candies and sugary drinks [30] was identified as an ECC
contributory factor in these studies.
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Table 2 Summary of associated risk factors for early childhood
caries in the Southern African region from included studies
Category Risk Factor

Associated Reference(s)
ECC Risk

Increased risk  [30]

Peri-urban school
settings
Low parental education

Social Factors
Increased risk  [30,31]
Limited access to Increased risk  [30]
dental services

More common  [25]
and severe ECC

Children of unem-
ployed or middle-
income parents

Race/Ethnicity: More severe [25]

Coloured children ECC
Race/Ethnicity: White Less severe [25]
children ECC
Older preschool chil- Higher ECC [23,28,31]
dren (4-5 years) prevalence and
severity
Behavioural Brushing teeth once Increased ECC  [30, 33]
Factors daily risk

Delayed brushing ini- Increased ECC  [31]

tiation (> 12 months) risk

No caregiver supervi- Increased ECC  [31]

sion during brushing risk

Limited caregiver Increased ECC  [28]

knowledge of risk

toothbrushing

High sugar exposure

and low fluoride (urban

children)

Improper feeding habits  Increased ECC

(bottle use, sugary diets)  risk

Prolonged bottle feeding Increased ECC  [24]
risk

Breastfeeding beyond  Increased ECC  [24]

18 months risk

More prevalent [25]
and severe ECC

[22,27,33]

Nighttime feeding>2  Increased ECC  [24,31]
times/night risk

Higher household Increased ECC  [25]
sugar expenditure risk

(urban)

Daily consumption of  Increased ECC  [30]
candies/sugary drinks  risk

Higher ECC
prevalence

Poor access to dental
services (Angola and
South Africa)
Reduced fluoride levels Increased ECC  [25]
in urban water supplies  risk

Structural/
Environmental
Factors

Structural and environmental risk factors

Limited or poor access to dental services was associated
with higher ECC rates in both Angola and South Africa
[28, 30]. Reduced fluoride levels in urban water supplies
also correlated with increased risk for ECC (OR: 0.75;
0.59-0.95) [25]. Five studies [20, 21, 26, 29, 35] did not
report risk factors for ECC.
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Quality assessment and interrater reliability

All the studies achieved a score of 90, which is greater
than 69% on the JBI checklist, indicating a low risk of bias
consistent with [17].

Pooled prevalence of ECC in Southern Africa
Table 1 shows the ECC prevalence estimate of the 15
included studies. This prevalence ranged from 1.5% in the
study involving 1-year-old children to 75% in the research
focused on children aged 2 to 5 years. Ten (67%) stud-
ies reported a prevalence less than 52%, two (13%) were
above 70%, and three (20%) ranged from 55% to 62%.
Nine of the 15 studies included were used in the meta-
analysis. Six studies were excluded to ensure method-
ological rigour, consistency, and comparability across the
studies included in the quantitative synthesis. Figure 2
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shows the prevalence estimates from each study and
the pooled estimate. In the forest plot, the squares rep-
resent the prevalence reported in individual studies,
and the horizontal lines indicate the 95% confidence
intervals (CI). The diamond shows the overall pooled
prevalence.

The pooled estimated prevalence from the nine
included studies was approximately 52% (95% CI: 44
to 59%), with a highly significant effect (p <0.00001)
and heterogeneity (I>=99%). The estimated pooled
prevalence suggests that about half of the children
had ECC.

Prevalence of ECC by sample size
As shown in Fig. 3, studies with fewer than 500 partici-
pants reported an ECC prevalence of 50%. For studies

Events Prevalence Prevalence

Study or Subgroup Prevalence SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI

Cleatan-Jones 2000 03428 00057 2347 6843 115% 0.34[0.33,0.39] -

Cleaton-Jones 2008 0465 0.027 149 342 11.0% 0.47[0.41,0.52] -

Mndzehele 2014 04102 0.0319 1258 245 10.7% 0.51 [0.45, 0.57] -

Mohamed 2018 0.716 0.0176 472 659 11.3% 0.72[0.68,0.79] -

Postma, 2008 0585 00085 3202 5822 1145% 0.585[0.54, 0.56] "

Songa 2022 05792 0.0319 139 240 10.7% 048 (052 0.64] -

Thekisa 2012 049 00293 138 282 10.8% 0.491[0.43, 0.55] -

Yanwyk et al, 2004 0506 000588 3824 7555 11.4% 0.41[0.49, 0.52] .

Wanjau & Plessis, 2008 0.4796 0.0305 129 269 10.8% 0.481[0.42, 0.54] -

Total (95% CI) 10535 22257 100.0% 0.52 [0.44, 0.59] &

Heterogeneity: Tau®= 0.01; Chi®*= 897.24, df=8 (P = 0.00001); F=99% 51 IJ= 5 ] U=5 11

Testfor overall effect Z=13.15 (P = 0.00001) '
Fig. 2 Pooled prevalence of early childhood caries in the Southern Africa Region

Study or Subgroup SE Weight IV, Random, 95% Cl IV, Random, 95% Cl

3.2.1 <500

Cleaton-Jones 2008 0465 0027 11.0% 0.47[0.41,0.582] -

Mndzehele 2014 05102 00319 10.7% 0.51[0.45, 0.57] -

Songa 2022 0A792 00319 10.7% 0.58[0.52, 0.64] -

Thekiso 2012 049 00298 108% 0.49[0.43, 0.55] -

VWanjau & Plessis, 2006 04796 00305 108% 0.481[0.42, 0.54] -

Subtotal (95% Cl) 54.1% 0.50 [0.46, 0.54] L]

Heterogeneity: Tau®=0.00; Chi*=8.50, df=4 (P=0.07), F=53%

Test for overall effect: £=25.61 (P = 0.00001)

3.2.2 =500

Cleaton-Jones 2000 03428 00057 11.8% 0.34[0.33,0.39] -

Mohamed 2018 0716 00176 11.3% 0.72[0.68, 0.74] =

Postma, 2008 0585 00065 11.5% 0.55[0.54, 0.56] -

Yamwyk et al, 2004 0506 00058 11.58% 0.581[0.49 0.452] -

Subtotal (95% CI) 45.9% 0.53 [0.41, 0.65] $

Heterogeneity, Tau®= 0.01; Chi®=883.08, df= 3 (P = 0.00001); F=100%

Testfor overall effect: 2= 8.68 (P = 0.00001}

Total (95% Cl) 100.0% 0.52 [0.44, 0.59] ¢+

Heterogeneity, Tau®= 0.01; Chi®=897.25, df=8 (P = 0.00001); F=99% 52 51 b 1= 5

Testfor overall effect: Z=13.15 (P = 0.00001} Favours [experimental] Favours [control]

Testfor subgroup differences: ChiF=0145,df =1 (P=070), F=0%

Fig. 3 Subgroup analysis by sample size
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with more than 500 participants, the pooled prevalence
was slightly higher at 53%. However, this difference was
not statistically significant (p = 0.70).

Prevalence of ECC by study setting
Figure 4 shows the pooled prevalence of 49% for the data
collected from schools and 49% for the data collected
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from hospitals. There was no significant difference in the
ECC prevalence reported by study setting (p =0.90).

Prevalence of ECC by sex

The pooled prevalence by sex, as shown in Fig. 5, among
males was 51% and among females was 46%. The over-
all prevalence of ECC was 49%. There was no statistically

Event Prevalence Prevalence
Study or Subgroup Prevalence SE Total Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
3.1.5 Hospital Based
Mndzebele 2014 05102 0.0319 125 245 12.0% 0.51[0.45, 0.57] -
Wanjau & Plessis, 2006 0.4796 0.0305 129 269 121% 0.481[0.42 0.54] -
Subtotal (95% CI) 254 514 24.2% 0.49 [0.45, 0.54]
Heterogeneity: Tau®= 0.00; Chi*= 0.48, df=1{P=049), F= 0%
Test for averall effect: Z= 2242 (P = 0.00001)
3.1.6 School based
Cleaton-Jones 2000 0.3428 00057 2347 6843 131% 0.34 [0.33,0.35] -
Cleaton-Jones 2008 0.465 0.027 159 342 12.3% 0.47 [0.41,0.52] -
FPostma, 2008 0.55 0.0085 3202 45822 131% 0.55 [0.54, 0.56] -
Songa 2022 057582 0.0319 139 240 12.0% 0.58[0.52, 0.64] -
Thekiso 2012 0.49 0.0298 138 282 12.2% 0.49[0.43, 0.55] -
Wamayk et al, 2004 0506 0.0058 3824 7555 131% 0.51[0.45,052] =
Subtotal {95% CI) 9809 21084 75.8% 0.49 [0.40, 0.57] L 2
Heterogeneity: Tau®= 0.01; Chi®*= 69237, df=5 (P <= 0.00001), F=99%
Test for averall effect: Z=10.98 (P = 0.00001}
Total (95% CI) 10063 21598 100.0% 0.49 [0.42, 0.56] ’
Heterogeneity: Tau®= 0.01; Chi®= 695.13, df=7 (P = 0.00001); F= 99% 51 _05‘5 3 D?S 15

Testfor averall effect: Z=12.91 (P = 0.00001)
Test for subaroup differences: Chi*=0.02, df=1 (P=090), F=0%

Fig. 4 Subgroup analysis by study setting

Favours [experimental] Favours [control]

Prevalence Prevalence
Study or Subgroup Prevalence SE Weight IV, Random, 95% Cl IV, Random, 95% Cl
3.4.1 Males
Cleaton-Jones 2008 0466 0.0378 8.1% 0.47 [0.39, 0.54] -
Mndzebele 2014 0813 0.0458 7.5% 0.51 [0.42, 0.60] -
Mohamed 2018 0717 00238 28.9% 0.72 [0.67, 0.76] -
Postma, 2008 05495 0.00937 59.4% 0.55[0.53, 0.57] -
Songa 2022 03269 0.0439 T.7% 0.33[0.24,0.41] -
Thekiso 2012 0.49 0.04095 7.9% 0.45[0.41,0.57] -
Subtotal (95% CI) 49.4% 0.51 [0.42, 0.61] L 2
Heterogeneity: Tau®= 0.01; Chi®= 82.56, df=5 (P = 0.00001}; F= 94%
Testfor overall effect: £=11.18 (P = 0.00001)
3.4.2 Females
Cleaton-Jones 2008 0.464 0.00385 9.58% 0.46 [0.46, 0.47) =
Mndzebele 2014 005808  0.0448 7.B% 0.05[-0.04,0.14] ™
Mohamed 2018 0719 00259 8.8% 0.72[0.67, 077 -
FPostma, 2008 05384 0.0093 9.4% 0.54 [0.52, 0.56] -
Songa 2022 04302 0.0441 7.E% 0.43[0.34, 052 -
Thekiso 2012 0.489 0.0434 T.7% 0.459[0.40, 0.57] -
Subtotal (95% CI) 50.6% 0.46 [0.38, 0.54] L 3
Heterogeneity: Tau®=0.01; Chi®= 234.80, df=45 (P = 0.00001); F= 98%
Test for overall effect: Z=11.07 {F = 0.00001)
Total (95% CI) 100.0% 0.49 [0.43, 0.54] [ ]
Heterogeneity: Tau®= 0.01; Chi®= 395,28 df=11 {P = 0.00001}); F=97% 51 -D= 5 b Dls 15

Test for averall effect: £=17.67 (P = 0.00001}
Test for subgroup differences: Chi®= 0.86, df=1 (P = 0.35), F= 0%

Fig. 5 Subgroup analysis by sex

Favours [experimental]

Favours [control]
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Fig. 6 A funnel plot showing the publication bias of the meta-analysis
included studies

significant difference between the males and females
(»<0.05).

Sensitivity assessment

A sensitivity analysis was performed by progressively
excluding each study. The overall effect size stayed stable,
suggesting that no single study had an outsized impact on
the pooled estimate.

Publication bias assessment

The funnel plot (Fig. 6) was created to visually evaluate the
possibility of publication bias. Although the plot seemed
fairly symmetrical, indicating a low likelihood of publi-
cation bias, Egger’s regression test was not carried out
because of the limited number of studies included [36].

Discussion

This systematic review and meta-analysis show that one
in every two children in the Southern Africa region has
ECC. In addition, risk factors for ECC identified were
social, behavioural, and structural/environmental factors.
Methodological inconsistencies complicated the synthe-
sis of the risk factors. As a result, the review presented a
qualitative synthesis of risk factors instead of a quantita-
tive meta-analysis. This approach is consistent with best
practices when meta-analytical pooling is not feasible
due to inconsistent methodologies, metrics, and data
availability [37].

This is the first study to examine ECC prevalence
across multiple countries in the Southern Africa region.
While a previous systematic review had focused on
South Africa, our review differs by reporting on Southern
Africa, incorporating new data from Angola, Namibia,
and Mozambique, thereby expanding the geographical
scope of knowledge on ECC in the subregion. By synthe-
sising data from a large sample of children across four
countries, this study provides a robust pooled estimate
of the regional burden and highlights key risk factors
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highly relevant to policy and public health planning. Fur-
thermore, by examining both prevalence and associated
risk factors, this study offers a broader understanding of
ECC in Southern Africa. The methodological and ana-
lytical rigour applied ensures the dependability of these
findings.

However, several study limitations should be acknowl-
edged. The dataset is heavily weighted toward South
Africa, with no data from six eligible countries:
Botswana, Lesotho, Eswatini, Malawi, Zambia, and Zim-
babwe. This limitation restricts the generalisability of the
findings to the broader Southern African region. In addi-
tion, the included studies span over two decades, intro-
ducing temporal variability that complicates comparisons
across time. Diagnostic criteria varied, and age report-
ing was inconsistent, further challenging data synthesis.
Furthermore, the variability in sampling settings, rang-
ing from schools to clinics and communities, introduces
potential bias, and some studies failed to report sex-dis-
aggregated outcomes, limiting subgroup analysis.

Moreover, the meta-analysis of risk factors for ECC
could not be performed due to substantial heterogene-
ity in the reporting and measurement across the included
studies: some studies reported odds ratios [25], others
used unadjusted frequencies [30, 33], and a few provided
only qualitative descriptions [23, 32]. In addition, the sta-
tistical approaches varied, with some reporting univari-
ate associations and others presenting adjusted estimates
without consistent reference categories. Only a few stud-
ies examined the same risk factor, and even then, defini-
tions and thresholds (such as for low parental education
or inadequate oral hygiene) differed, making it impossible
to pool the data meaningfully. Nevertheless, the thematic
synthesis of the risk factors provides valuable insights,
while recommending that future studies adopt standard-
ized reporting of effect sizes and risk estimates to facili-
tate meta-analyses in subsequent reviews. Despite these
limitations, the pooled analysis presented in this study
represents a novel methodological contribution in cov-
ering multiple Southern African countries and offering
updated estimates on an ECC crisis well-known in South
Africa. The contextualization is also vital to understand-
ing the magnitude, drivers, and implications of the issue.

The report of individual study estimates varied widely,
highlighting potential heterogeneity in ECC burden
across subpopulations and settings. South African
scholars had drawn attention to this high prevalence for
decades. For example, van Wyk and van Wyk [38] pro-
vided a foundational overview of the country’s oral health
challenges, while Hobdell et al. [39] emphasised the
strong link between socioeconomic status and oral health
across diverse settings, including South Africa. None-
theless, the very high heterogeneity observed (I* > 90%)
limits the precision of the pooled prevalence estimate.
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This variability likely reflects differences in how ECC was
diagnosed, the contexts in which studies were conducted,
and the populations under study, making direct compari-
sons challenging and suggesting that caution is needed
when generalising these findings across the region.

The results show that the prevalence of ECC in the
subregion is considerably higher than that reported in
pooled global ECC prevalence rates [3]. The prevalence
is also higher than the estimated prevalence of ECC in
West (23%) and East (45%) Africa, but lower than the
estimated prevalence in Central (57%) and North (55%)
Africa (personal communications). The higher preva-
lence of ECC in Southern Africa compared to global and
some regional estimates highlights an urgent need for
targeted prevention and intervention strategies in the
subregion. It suggests that current oral health promotion
and service delivery may be inadequate to address the
burden, and that socioeconomic, cultural, or health sys-
tem factors unique to Southern Africa could be driving
the disparity. At the same time, the fact that prevalence is
lower than in Central and North Africa points to oppor-
tunities for cross-regional learning and the adaptation of
best practices. These findings underscore the importance
of strengthening surveillance, improving access to pre-
ventive and curative dental services, and prioritizing ECC
within broader child health policies across Africa.

The characterisation of ECC as a “substantial pub-
lic health challenge” is supported by several well-doc-
umented consequences and system-level constraints.
Clinically, ECC often results in untreated decay, leading
to pain, infection, nutritional deficiencies, and lost school
days. It adversely affects children’s growth, weight, and
quality of life [40], emphasizing that the condition is far
more than a cosmetic concern. Health system pressures
are also considerable: ECC-related extractions frequently
require general anaesthesia, yet public facilities often
suffer from long waiting times, resource shortages, and
overburdened dental staff, especially in rural provinces
[41]. The inequality is compounded by a lack of access
to basic preventive tools such as fluoride toothpaste,
sealants, and oral health education, leaving children in
underserved areas particularly vulnerable.

Petersen et al. [42], using WHO data, further under-
scored the widespread inequity in oral health care access
across the African region. Their analysis pointed to signif-
icant shortages of oral health professionals, with South-
ern Africa having 0.16 dentists per 10,000 population
[10]. The number of dental assistants, dental therapists,
and dental prosthetic technicians serving the population
is equally decimally low [10]. This highlights the limited
reach of preventive interventions to the population.

The high burden of ECC in Southern Africa cannot be
understood in isolation from the region’s colonial past.
Indigenous and historically marginalised populations
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are likely to be the worst affected due to the deep struc-
tural inequities rooted in colonial legacies that continue
to shape poverty, access to care, and health knowledge
systems [43]. Colonial dental services were primar-
ily designed for settler elites, leaving Indigenous com-
munities with little or no care and minimal oral health
education [44]. These colonial regimes also disrupted
indigenous food systems, facilitating dietary shifts toward
sugar-rich, processed foods that have become major con-
tributors to ECC [44].

Postcolonial health systems inherited these inequi-
ties, remaining urban-centric and chronically under-
resourced in rural areas. In addition, Colonisation
imposed a knowledge hierarchy that devalued Indigenous
oral hygiene practices, leading to lasting epistemic injus-
tice and weakened oral health literacy [45]. Children in
marginalised communities bear a disproportionate bur-
den of the impact of poverty, food insecurity, overcrowd-
ing, and limited access to preventive care on oral health.
These conditions increase ECC severity and affect chil-
dren’s growth, development, and quality of life [43]. As
a result, many oral health interventions have overlooked
community knowledge and local contexts, resulting in
poorly aligned solutions.

While the current study does not produce the evidence
to objectively support this postulation, historical events
of colonised populations in Australia and the United
States, among others [44], point to the feasibility of this
reality. The ongoing neglect of oral health in national
policy and funding structures of countries in the region
is a form of structural violence, perpetuating intergenera-
tional cycles of poor health and poverty. Addressing ECC
in the region, thus, requires more than clinical interven-
tions. It demands a decolonised, equity-focused approach
that centres historically excluded communities, redresses
systemic injustices, and values Indigenous knowledge in
shaping oral health policy and practice. Studies to address
ECC in Southern Africa seeking to address inequalities
will need to be embedded in the realities of its histori-
cal past to find sustainable solutions to contribute to the
global goal of ECC control.

This review provided region-specific evidence on the
prevalence and risk factors of ECC in Southern Africa
as a useful foundation for targeted prevention and policy
intervention. However, some limitations of this system-
atic review and meta-analysis are acknowledged. Most
of the included studies are from South Africa, and varia-
tions in the study design, diagnostic criteria, and report-
ing among the included studies may have contributed to
the heterogeneity in the pooled estimates.

In conclusion, the prevalence of ECC in Southern
Africa from this current review is high, associated with
behavioural, environmental, and sociodemographic fac-
tors. These findings highlight the need for preventive
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measures, such as better oral hygiene, appropriate feed-
ing and dietary habits, as well as increased access to flu-
oride-based care to support effective policy and planning
to reduce the prevalence of ECC. However, further high-
quality data from underrepresented countries is needed
to inform region-wide strategies. The study reinforces an
urgent call for comprehensive and equity-focused public
health responses. Interventions must go beyond individ-
ual behaviour change to address the broader structural
and systemic factors that perpetuate ECC in the region.
Future studies are needed to generate evidence on the
prevalence of ECC in the countries in the Southern Afri-
can sub-region where data are currently missing. It is also
important to ensure that these future studies produce
high-quality evidence to generate information on the risk
profile for ECC in the sub-region.
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