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Abstract

Introduction The United Nation’s Sustainable Development Goal (SDG) 6 calls for universal access to clean water,
sanitation and hygiene (WASH), which are crucial elements of health and well-being and fundamental for a life

in dignity. Early childhood caries (ECC) is a preventable disease affecting health and quality of life of millions of young
children worldwide. This scoping review aims to explore the connection between ECC and access to clean water

and sanitation.

Methods This scoping review, registered on the Open Science Framework and following PRISMA-ScR guidelines,
conducted a thorough search in databases (PubMed, Web of Science, Embase, Google Scholar, SCiELO) and websites
(via Google) in November 2023. The search, without date limitations, targeted studies in English and Spanish linking
ECC to SDGé. Exclusions were made for studies solely focusing on ECC without a direct connection to clean water
and sanitation. Descriptive statistics summarized the retrieved papers.

Results The initial search yielded 303 articles. After removing duplicates, 264 articles remained for title and abstract
screening after which 244 were excluded and one report was added through citation searching. The 21 remain-

ing articles underwent full text review. There were no studies on a direct association between access to clean water
and sanitation and the prevalence of ECC. There were nine studies that showed indirect associations between ECC
and access to clean water and sanitation through the links of: water and sanitation access as a marker for poverty
(n=1), water consumption as a feeding practice (n=4), and the effectiveness of water fluoridation (n=4). These were
used to develop a conceptual model.

Conclusions While it is conceivable that a direct link exists between ECC and access to clean water and sanitation,
the available body of research only offers evidence of indirect associations. The exploration of potential pathways con-
necting water access to ECC warrants further investigation in future research.
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Introduction

Early childhood caries (ECC) is defined as: “the pres-
ence of one or more decayed (non-cavitated or cavi-
tated lesions), missing (due to caries), or filled surfaces
in any primary tooth of a child under six years old
(£71 months)” [1, 2]. A meta-analysis from cross-sec-
tional studies using the World Health Organization’s car-
ies diagnostic criteria showed the global prevalence of
ECC was 48% [3], indicating areas of highest prevalence
in Oceania (82%) and lowest prevalence in Africa (30%)
with differences among regions [4]. When left untreated,
ECC can cause pain and infection, with a direct impact
on the oral and general health of young children [5].
Severe ECC can impact children’s quality of life affecting
the child’s school attendance and performance, as well
as having an impact on the family unit [6, 7]. As one of
the most common chronic oral diseases among children,
ECC is of significant public health importance due to its
high global prevalence and impact [8].

Systematic reviews have identified numerous risks fac-
tors for ECC, the most relevant include socioeconomic
factors (maternal education, family income), behavioral
factors (early introduction of sucrose in the diet, frequent
consumption of sweet beverages and snacks, non-use of
fluoridated toothpaste, poor oral hygiene) and biological
factors like high levels of mutans streptococci and lacto-
bacilli, and presence of enamel defects) [9, 10].

Dental caries is a multifactorial disease as is its pre-
vention. Diet, hygiene practices, daily fluoride exposure,
selective use of fissure sealants and patient education, are
all crucial factors in the prevention of dental caries [11].
In addition, macrolevel factors, like social and economic
determinants of health play a major role on disease etiol-
ogy and its prevention that has to be considered [12]. Vis-
ible plaque on the teeth is indicative of poor oral hygiene
and is cited as a major risk factor for ECC [13]. Good oral
hygiene practices may be dependent on access to water
and sanitation just as good hygiene practices may are
dependent on access to water and sanitation [14]. How-
ever, there is little known about the relationship between
ECC and access to safe water, sanitation and hygiene ser-
vices (WASH) in children younger than 6 years of age.
A study on adolescents living in the street suggests that
such a link is plausible through an association between
good water collection, storage practices and oral hygiene
practice [15]. The shortage of access to water and sani-
tation particularly affects people living in severe poverty
such as those living in slums, rural areas and villages [16].
An estimated 26% of the world population is struggling
for drinking water and 46% for sanitation [17].

More and more countries are experiencing water stress,
and increasing drought and desertification is already
worsening these trends [18]. It is projected that at least
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one in four people will suffer from recurring water short-
ages by 2050. The global burden of disease and mortality
rates could be reduced by about 9.1% and 6.3%, respec-
tively, if rapid success is attained in facilitating access to
water, sanitation, and hygiene services [19, 20]. The UN
Sustainable Development Goal (SDG) 6, which aims
at ensuring access to basic services for water, sanita-
tion and hygiene for all by 2030 [21], provides the main
political and programmatic thrust to reduce or eliminate
WASH-related health and education impacts. ECC may
be a health problem associated with WASH access as the
prevalence of ECC is also highest among socially vulner-
able children, whose level of poverty predisposes them
to live in slums, rural areas and villages where access
to water is also a challenge [22, 23]. However, the real-
ity may be more complex, since a number of countries
with poor WASH access, notably in sub-Saharan Africa,
exhibit low prevalence of ECC [3]. This highlights the
need for an understanding of the effect of WASH on ECC
prevalence.

Attempting to correlate ECC prevalence by country
[4] to availability of WASH services by country [24, 25]
is halted by the lack of data from many regions, differ-
ent times periods of data collection, and the overall het-
erogeneity of the available information. All these facts
emphasize the knowledge gap created by the limited
information on the link between SDG 6 and the global
burden of ECC. The aim of this scoping review was thus
to systematically map and synthesize current evidence on
the links between access to water, sanitation and hygiene
services and the prevalence of ECC.

Methods
A scoping literature review was conducted to explore
the links between WASH and ECC. A scoping review
adopts a broad search strategy while allowing reproduc-
ibility, transparency, and reliability on the current state of
literature.

Research question

This review was guided by the question: What is the
existing evidence on the links between access to water,
sanitation and hygiene services and ECC?

Protocol and registration

The protocol was registered on the Open Science frame-
work on April 29, 2023, (registration https://doi.org/10.
17605/OSEIO/VZ7U6). This scoping review was con-
ducted in accordance with the Joanna Briggs Institute
methodology [26] and reported according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses Extension for Scoping Reviews (PRISMA-ScR)
guidelines [27].


https://doi.org/10.17605/OSF.IO/VZ7U6
https://doi.org/10.17605/OSF.IO/VZ7U6

Crystal et al. BMC Oral Health (2024) 24:769

Articles identification

The initial search was conducted in five electronic data-
bases namely: PubMed, Embase, SciELO, Web of Sci-
ence, and Google Scholar, as well as gray literature from
organizations’ websites in July 2023. The search was
performed using the pre-generated query string for the
SDG 6 presented in the advanced search function of
each database shown in Appendix 1. Search terms were
tailored to the specific requirements of each database.

Eligibility criteria and selection
Inclusion criteria were: 1. Articles published in Eng-
lish and Spanish with no date restrictions, 2. Primary
research studies such as clinical trials, case—control,
cross-sectional, cohort, and case studies, and those
reporting on the link between caries in children under
six years of age and access to clean water and sanita-
tion at home, school, and other settings, 3. System-
atic Reviews were only included for full-text review if
their abstract included some reference to a relationship
between water and ECC, 4. Reports from organizations’
websites were only considered if they included some
reference to the relationship between water and ECC.
Exclusion criteria were: 1. Review papers were
excluded from the full-text review and analysis but
were screened for appropriate references.

Selection of sources of evidence

All identified publications were transferred to refer-
ence management software EndNote (X9, Thomson
Reuters). Articles that did not meet our inclusion crite-
ria were removed and duplicate articles were removed
using the “find duplicates” function. The title and
abstract screening of eligible articles were screened by
two independent reviewers (YOC, LYL). When there
were disparities in findings, this was resolved by con-
sensus between the two reviewers. No authors or insti-
tutions were contacted to identify additional sources.
All conflicts generated through the screening states
between the two reviewers were discussed until con-
sensus was reached.

Synthesis of results

The information extracted from the publications were
the author name, publication year, study location, study
design, study sample size and age, study aim, data col-
lection methods, and main findings. The extracted
information from each publication was compiled and
summarized into Table 1, and a descriptive analysis of the
information was conducted. A conceptual model on the
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link between access to water and sanitation and ECC was
developed.

Results

Figure 1 shows the details of the results of the search
of databases, removal of duplicates, screening by title/
abstract and full text review. Full text analysis showed
that none of these studies described a direct associa-
tion between access to clean water and sanitation and
the prevalence of ECC, but nine studies showed a link
between ECC and access to clean water and sanitation-
related factors: water as a marker for poverty (n=1) [15],
water consumption as a form of feeding practices (n=4)
[28-31], and effectiveness of community water fluorida-
tion (n=4) [32-35]. A summary of the 9 included articles
and their extracted data is presented in Table 1.

The nine included studies were conducted in Chile [33,
35], Africa namely Uganda/Tanzania [32], Switzerland
[29, 31], and India [28], Palestine [30], one study included
data from UK, Ireland and Canada [34], and one study
included global data by country [15, 22, 36].

The papers were published between 1995 and 2023,
the majority (n=4) between 2011 and 2020). Publication
details are included in Table 1. The study designs ranged
from ecological [15] to cross-sectional [28]; [30, 32, 33,
35], longitudinal [29], qualitative study nestled within a
clinical trial [31] and a systematic review [34].

The single study on the link between ECC and access to
clean water and sanitation mediated through poverty was
an ecological study that indicated that access to water and
sanitation had an inverse relationship with the prevalence
of ECC [15, 22, 36]. The four studies on the link between
ECC and access to clean water and sanitation mediated
through feeding practices indicated that the children who
consumed alternatives such as sugar-sweetened beverage
[28, 31], juice [28], milk [28] and breastmilk throughout
the night [30] increased the risk for ECC. In addition, the
four studies on the link between ECC and access to clean
water and sanitation mediated through fluoridation of
water indicated that access to fluoridated water was asso-
ciated with lower prevalence of ECC [32-35]

The findings from this scoping review were used to
develop a conceptual model illustrating how access to
clean water and sanitation may be associated with, as
depicted in Fig. 2.

Populations with no access to water and sanitation
but on a healthy natural diet, exhibit low ECC. Popu-
lations whose diet includes sweet beverage consump-
tion and poor oral hygiene, even with WASH access,
have high ECC. Poverty is identified as a dual risk fac-
tor affecting both: access to clean water and sanitation
[15, 22, 36], and caregiver education [29, 30]. In situa-
tions where clean water and sanitation is accessible, the
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[ Identification of studies via databases and registers ]
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—

Fig. 1 PRISMA flow chart

incorporation of water fluoridation serves to reduce
the risk of ECC [32, 34, 35]. We postulated that the
risk for ECC is further mitigated, even in the pres-
ence of fluoridated water, when mothers have access to
pre- and postnatal educational interventions [33] that
may improve the prioritization of water consumption
over other beverages, including prolonged and night-
time breastmilk and other forms of milk [28]; [29-31].
Maternal educational programs would also foster
adherence to good oral hygiene practices encompass-
ing effective toothbrushing starting at an early age with
the use of fluoridated toothpaste [30]. Even though

clean water and sanitation facilitates establishing oral
hygiene practices and water drinking over other bever-
ages, these factors seem to be more strongly related to
caregiver education and in turn to poverty (being able
to afford the tools in addition to having the knowledge
to choose healthier habits.

Discussion

This is the first study exploring the relationship between
ECC and access to clean water and sanitation. Although
the search results did not identify any articles reporting
a direct association between access to clean water and
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Fig. 2 Conceptual model of clean water and sanitation’s associations with the prevalence of ECC

sanitation and the prevalence of ECC, nine articles show-
ing links between access to clean water and ECC in chil-
dren younger than 6 years of age were identified.

First, we noted that attempting to establish a connec-
tion between inadequate access to water, sanitation, and
hygiene (WASH) services and ECC may pose challenges
due to numerous confounding variables. For instance,
people in sub-Saharan Africa have heightened morbid-
ity and mortality due to poor water access [37]. However,
the prevalence of ECC in this region is notably low [3,
38]. Also, programs designed to enhance WASH acces-
sibility, aligned with the SDG6, have demonstrated suc-
cessful outcomes in reducing dental caries prevalence
in permanent dentition when implemented in schools
[39] Paradoxically, these positive outcomes may not
have translated to a similar decline in ECC prevalence
as sustained high or increasing prevalence of ECC was
observed in these regions in children below age 6 [40].
Notably, successful oral hygiene programs attribute car-
ies prevention outcomes to daily toothbrushing interven-
tions without explicitly mentioning water or clean water.
This lack of specificity may explain the absence of stud-
ies addressing oral hygiene (toothbrushing) in our find-
ings. The absence of studies defining the importance of
water and sanitation on oral-health related hygiene prac-
tices and their link with ECC is puzzling because without
access to water, personal and oral hygiene are affected.
When there is no water in the household, opportunities
for hygiene practice are more challenging and often for-
gone. Without water in schools, hand and oral hygiene
programs become difficult to implement, limiting health
education and practice [41]. For this reason, SDG 4,
which focuses on education, includes a target for univer-
sal WASH services in schools.

Second, one of the nine studies that showed a link
between access to clean water and sanitation and ECC
prevalence suggested that the multifaceted improvements
resulting from investments in WASH may have resulted
in changes in lifestyles that could potentially increase
the risk for ECC in ways unrelated to oral hygiene [15].
This is conceivable as improvements in the standard of
living lead to alterations in dietary patterns, including
an increase in consumption of unhealthy food which
increases the risk for ECC [42, 43]. The study reinforces
previous evidence that ECC is strongly linked to poverty
[44—46] and poverty is linked to poor WASH access [47].
In addition, WASH access may be a significant socioeco-
nomic marker that may also affect diet, a risk factor for
ECC [42]. This risk is mitigated when there is a choice of
including water as the main beverage instead of sugar-
containing alternatives, which seems to be dependent on
the education of parents and caregivers and their (oral)
health literacy, and when there is access to fluoridated
water, as represented in our conceptual model depicted
in Fig. 2. There is reported evidence of different relation-
ships between income and ECC, including inverse lin-
ear, positive linear, U-shaped, inverse U-shaped, and no
relationship [48] [42, 49-51], This relationship seems to
vary based on the local/country/regional trajectory along
economic development and the nutrition transition, and
rural vs. urban location, primarily mediated by family
practices. Epidemiological studies report that minor-
ity groups living in poverty in high-income nations with
good access to clean water and sanitation, have a higher
prevalence of ECC [52]. This has been attributed to
low health literacy, limited access to a healthy diet, and
reduced access to oral health care. Commercial deter-
minants of oral health may also be at play as low-cost
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cariogenic foods and beverages are heavily marketed to
low-income, ethnic-minority populations. Oral health
literacy that comes with education, is key to help vulner-
able populations make the right healthy choices. Further
research is needed to explore the connections between
access to clean water and sanitation and ECC risk. Such
studies can help understand the economic and dietary
changes that co-occur with successful WASH interven-
tions and may be related to ECC risk.

Third, access to naturally fluoridated water and com-
munity water fluoridation reduces the risk of ECC [32-
35]. Access to optimally fluoridated water is less likely
when access to centrally-managed piped water systems is
poor. Identified studies on the effect of water fluoridation
on children aged 6 and under indicated that exposure to
fluoridated water reduces the risk for and severity of ECC
[32-35]. Community water fluoridation as a public health
measure is considered a safe, effective, and socially equi-
table means of achieving community-wide protection
against dental caries [53, 54]. regardless of age, education,
income level, or access to routine dental care [55]. For
these reasons, there is a call for the prevention of dental
caries through access to optimum fluoridated water [8].
Achieving the goals of SDG6 would facilitate the promo-
tion of this public health measure. However, some studies
highlight that the impact of fluoride on the risk of caries
may be obscured by the impact of other behavioral vari-
ables such as excessive sugar consumption, the presence
of plaque or length of breastfeeding [32, 56], underscor-
ing the overriding impact of education. In addition, the
continued call for water fluoridation is complex as there
are concerns surrounding both the ethics [57], and the
efficacy of systemic fluoride for caries prevention [58].
To further complicate this topic, there is strong evidence
that areas with poor access to clean water and sanitation
and therefore no water fluoridation, have low ECC preva-
lence [3] and countries without community water fluori-
dation can achieve impressive caries reductions through
programs that offer continuous oral health promotion
programs from birth [59, 60].

Fourth, we also found studies suggesting that feed-
ing practices that included water rather than sweetened
beverage, were protective against ECC [28-31], in agree-
ment with evidence on the protective effect of consum-
ing water versus sweetened beverages [61]. A study also
reported that children who transition directly from
breastfeeding to water had no increased risk of ECC [31].
This finding does not have such a strong connection to
clean water availability as much as it has to the access to
information by the child’s caregiver to know to choose
between drinking water vs. drinking other beverages [28,
29, 31]. This introduces yet another layer of complexity
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on the link between access to water and ECC, as educa-
tion may mediate this link.

An additional related fact is that access to unsafe water
and poor sanitation increases the risk of children to diar-
rhea [62] and malnutrition [63], leading to anemia [36,
64] and all are risk factors for defective enamel formation
[65], a known risk factor for ECC [66]. Carefully designed
studies are therefore needed to assess the impact of
access to clean water and sanitation on the risk for ECC,
and to understand the pathways for the impact.

A limitation of this study is that we only searched
and included studies published in English or Span-
ish which were the languages the literature search team
were proficient in. There may have been publications in
other languages that were not included which poten-
tially underestimates the literature on the studied asso-
ciation. However, we covered the bulk of the literature
which is usually produced in English. Another limitation
of this specific topic is that databases of clean water and
sanitation availability as well as those that report ECC
prevalence by country, are not comprehensive. There is
missing data from many regions, heterogeneity on the
periods of data collection, and little data reported on
children younger than school age. Since the SDGs were
adopted in 2015, research conducted within the context
of SDGs in relation to health aspects might still be lack-
ing, which may explain the limited findings in our search.
Limitations also arose due to variations in the definition
and diagnostic criteria of ECC [44] which we addressed
by expanding the search terms. Another limitation is that
the literature review was limited to associations between
WASH and ECC, thereby possibly not capturing studies
involving older age groups where associations may be dif-
ferent than in the age groups affected by ECC [22, 39, 67].

The strengths of our study lie in the fact that we reg-
istered and followed a strict protocol adhering to recog-
nized guidelines, and the search was conducted with the
help of an experienced librarian at a major university.
After the data was extracted by a core group, a team of
17 authors each from different countries, ethnic back-
grounds and work settings, critically appraised and dis-
cussed the findings, bringing in diverse perspectives.

The findings from this scoping review reveal a para-
dox in relation to SDG 6, which aims for universal access
to clean water and sanitation. Despite the goal’s success
in reducing the burden of water-related systemic dis-
eases, regions with poor water access, notably sub-Saha-
ran Africa, exhibit low prevalence of ECC. In addition,
WASH programs, while successful in improving perma-
nent dentition outcomes, do not always reach the chil-
dren that at younger ages are not yet in school settings
that would allow them to benefit from such programs.
Furthermore, access to clean water and sanitation serves
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as a socioeconomic marker influencing ECC risk, and it
affects the likelihood of accessing fluoridated water. Edu-
cation is suggested to mediate the link between water
access and ECC, adding complexity and emphasizing
its role in achieving SDG 6 objectives. The multifaceted
nature of the ECC-water link aligns with SDG 6’s com-
prehensive approach, necessitating carefully designed
studies to assess the impact of water and sanitation access
on ECC, considering the interplay of health, education,
and socioeconomic factors. Studies are also needed to
clearly delineate the links between water availability and
hygiene practices including toothbrushing with fluoride
toothpaste in young children.

Conclusions

In conclusion, though it is plausible for there to be a
direct association between ECC and access to clean water
and sanitation, the current body of research-based evi-
dence only provides evidence on indirect associations.
The conceptual framework developed from the body of
evidence needs to be explored further as more research
is conducted in these areas. The study findings contribute
to a nuanced understanding of the challenges in directly
associating water access with ECC prevalence. The com-
plexities identified underscore the importance of holistic
strategies that address various determinants, aligning
with the comprehensive goals of SDG 6. Further research
and tailored interventions are essential for achieving sus-
tainable improvements in water, sanitation, and hygiene
which will lead to better oral health outcomes.
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