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, Abstract

Background: The aim of this study was to assess the relationship between early childhood cartes (ECC) in 3-5-year-
old children, seven indicators of poverty and the indicator of monetary poverty in low- and middle-income !
countries (LICs, MICs).

i Methods: This ecologic study utilized 2007 to 2017 country-level data for LICs and MICs. kExplanatory variables were
seven indicators of poverty namely food, water, sanitation, health, shelter, access to information, education; and
* monetary poverty. The outcome variable was the percentage of 3-5-yearold children with ECC. A series of
univariate general linear regression models were used to assess the relationship between the percentage of 3-5
year-old children with ECC and each of the seven indicators of poverty, and monetary poverty. This was followed
by multivariable regression models to determined the combined effect of the seven indicators of poverty, as well as
. the combined effect of the seven indicators of poverty and monetary poverty. Adjusted R measured models'
ability to explain the variation among LICs and MICs in the percentage of 3-5-year-old chiidren with ECC.

" Results: Significantly more people had food, sanitation, shelter, access to information, education and monetary

poverty in LICs than in MICs. There was no difference in the prevalence of ECC in 3-5-year-old children between _

LICs and MICs. The combination of the seven indicators of poverty explained 15% of the variation in the !

percentage of 3-5-year-old children with ECC compared to 1% explained by monetary poverty. When the seven

_ indicators of poverty and the indicator for monetary poverty were combined, the amount of variation explained by

~ them was 10%. Only two of the poverty indicators had a direct relationship with the percentage of children with

~ LCG there was a higher percentage of ECC in countries with higher percentage of population living in slums

. (B=0.35) and in those countries with higher percentage of the population living below poverty lines (B = 0.19).
The other indicators had an inverse relationship.

Conclusion: The use of multiple indicators to measures of poverty explained greater amount of variation in the
percentage of 3-5-year-olds with ECC in LICs and MICs than using only the indicator for monetary poverty.

. Keywords: Early childhood caries, Dimensions of poverty, Monetary poverty, Water, hygiene, sanitation, Low-
. income countrles Middle income countries
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Background

Early childhood caries (ECC) is a disease with high
prevalence in many countries around the world. High
sugar consumption is the primary risk factor [1]. There
are multiple predisposing factors for ECC including
those that increase the risk for high consumption of
sugar, and those that increase tooth susceptibility to car-
ies [2—5]. These factors have largely been studied at the
individual level. Among the predisposing factors studied
are parental socioeconomic, educational, income and
employment status, as well as occupation [6—12]. These
measures have often been used as proxy measures of
poverty at the individual level [13-17]. There are a few
contextual measures of poverty some of which have ex-
plored how the residential location affects the risk for
ECC. Most of these studies had identified that more
children living in poorer communities and in low-
income household have ECC [18-24].

Recently, Baker et al. [25] and El Tantawi [26] identi-
fied a strong association between contextual variables
and caries in adults and in preschool children respect-
ively. Prior studies have demonstrated that access to and
consumption of sugar is higher in low-resourced settings
due to high sugar containing meals being a cheaper
readily accessible alternative diet [27]. The prevalence of
caries and the proportion of children with untreated car-
ies being higher in poorer communities and lower in
high-income countries suggest a possible relationship
between ECC and poverty [6]. This relationship has not
been a consistent finding in all studies. For example in
Brazil, the Human Development Index, average house-
hold income and number of public primary healthcare
units were not associated with the proportion of pre-
school children with untreated decayed teeth in the
poorer neighborhoods in southern Brazil. However,
these indicators were associated with the proportion of
children with filled teeth living in richer areas [28]. This
inconsistency in the few studies on poverty may be due
to it being defined as a single construct.

There are seven dimensions of childhood poverty
namely: food, water, sanitation, health, shelter, education
and information [29]. These are derived from the United
Nation's measure of absolute poverty defined as a condi-
tion characterized by severe deprivation of basic human
needs [30]. The experience of poverty is the result of a
combination of different factors [31], which are multi-
dimensional and interrelated [32].

The most frequently studied dimension of poverty re-
lated to ECC is food, which is assessed as nutritional sta-
tus and dietary intake. While large population-based
studies have not found an association between body
mass index and ECC [33, 34], longitudinal studies sug-
gest that there was an association between malnutrition
and ECC {35, 36]. A few other studies demonstrated the
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association between ECC and access to health informa-
tion {15}, shelter {37] and education [38]. Studies investi-
gating the relationship between shelter and caries in
homeless children reported a high prevalence of ECC
[39] though the prevalence of ECC in urban slum and
rural India did not differ from that observed in other re-
gions in India [40]. Meanwhile, there are no identified
studies on the relationship between portable water, sani-
tation and ECC. The limited information on the associ-
ation between dimensions of poverty and ECC creates a
gap in knowledge. This knowledge is needed to enhance
structural interventions to prevent or reduce diseases
like ECC.

The aim of this study was to assess the relationship
between ECC in 3-5-year-old children and multiple di-
mensions of poverty in low-income countries (LICs) and
middle-income countrics (MICs). For this study, the
seven dimensions of poverty studied were food, water,
sanitation, health, shelter, education, access to informa-
tion in contrast to monetary poverty. The hypothesis
was. that the prevalence of ECC is higher in countries:
with. higher poverty levels.

Methods

This ecologic study was based on country-level data for
LICs and MICs covering the period from 2007 to 2017.
The Gross National Income per capita for 2017, calcu-
lated with the World Bank Atlas method [41] was used
to define the countries’ economic level. Thus, LICs were
defined as those with gross domestic product (GDP) of
$995 or less; MICs were those with GDP of $996-$12,
055. High-income countries were excluded from this
study as there were no data available for the dimensions
of poverty variables studied.

Explanatory variables included indicators of the seven
dimensions of poverty based on the Convention on the
Rights of Children as developed by the University of
Bristol and used in the UNICEF’s global study on child
poverty [42]. The framework for the study is shown in
Fig. 1. The various indicators and the definitions of the
dimensions of poverty assessed in this study are
presented in the supplemental file (Additional file 1:
Appendix 1). Food related poverty was measured by the
percentage of under 5-year-old children with moderate
to severe underweight 143]; water poverty was measured
by percentage of the population with surface water
coverage [44], while sanitation poverty was measured by
percentage of the population with open defecation [44],
Health-related poverty status was measured by the
percentage of under 5-year-old children with diarrhea
who received oral rehydration therapy (ORT) with con-
tinued feeding [45]; shelter poverty was measured by the
percentage of urban population living in slums [46]; and
information as the mobile cellular subscription per 100
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L Fig. 1 Diagrammiatic presentation of the seven indicators of poverty and monetary poverty

persons [47]. Educational poverty was measured by the
percentage of entrants to the last year in primary school
relative to the total number of children in the same age
as that for enrolling in that school grade [48]. Monetary
poverty was measured by the percentage of the popula-
tion below the national poverty line per country [49].

The outcome variable was the percentage of 3—5-year-
old children with ECC. This data was collected in a
previous study {26] through comprehensive search of
the World Health Organization database and the exist-
ing literature without restriction by gender or language.
The literature search used systematic methodology and
was conducted in several databases reported in the
primary study, using the definition of ECC adopted by
the American Academy of Pediatric Dentistry: ECC was
defined as one or more decayed, missing due to decay or
filled primary tooth surfaces in children less than 72
months of age [50]. The percentage of children with
ECC per country was calculated by adding the number
of those affected by ECC in all relevant studies and
dividing this by the total number of children examined
and multiplying by hundred.

We calculated the number and percentage of LICs and
MICs from which we were able to extract information
on all the variables (Additional file 1: Appendix 2). The
numerator for the percentage calculated was the number
of the countries for which data for all the study variables
were extracted. The denominator was the number of

countries in each income category listed by the World
Bank for 2017 [51].

We also calculated means and standard deviations for
the indicators of poverty. The indicator for health (per-
centage of children receiving ORT and food after diar-
rhea), information (number of mobile subscriptions per
100 persons) and education {percentage of entrants to
last grade of primary school) were reversed to reflect
that the higher the prevalence the higher the poverty in
line with the other measures of poverty used for this
study. This was done by subtracting the percentage of
those with ORT and feeding, those with mobile sub-
scription and those who enrolled in the last primary
grade from 100. Available values for the seven indicators
of poverty and monetary poverty indicators were aver-
aged for the period 2007 to 2017.

Statistical analysis

The countries were categorized into two income levels -
LICs and MICs, and the distribution of the study vari-
ables was compared between these two categories. The
differences in significance were investigated using t-test
or Mann Whitney U test after assessing the normality of
distribution of the study variables.

A series of univariate general linear regression models
were used to assess the relationship between the
percentage of 3~5-year-old children with ECC and each
of the explanatory variables one at a time (Model 1)



Folayan et al. BMC Oral Health (2020) 20:8

followed by multivariable models. We assessed multi-
collinearity and found no high correlations (r >0.7)
signifying no problem [52]. Based on this finding, we
kept all variables to preserve the integrity of our concep-
tual framework. Model 2 included the seven indicators
of poverty together. Model 3 assessed the relationship
with monetary poverty. Model 4 included the seven indi-
cators of poverty, and monetary poverty. We calculated
regression coefficients (B) and 95% confidence intervals
(CI) in addition to adjusted R? as a measure of model
ability to explain the variation among LICs and MICs in
the percentage of 3-5-year-old children with ECC.
Statistical analysis was performed using IBM SPSS for
Windows version 22.0 (IBM Corp., Armonk, N.Y., USA).
Significance level was set at <5%.

Results

Table 1 highlights the number and percentage of coun-
tries in the two income levels included in the data ana-
lysis and the means and standard deviations for the
indicators of poverty for each category. Overall, 11.8% of
the included countries were LICs. LICs had a signifi-
cantly higher mean percentage of <5-year-old children
with moderate to severe underweight than MICs
(mean = 5.90 and 3.20, P = 0.03). In addition, LICs had a
significantly higher mean percentage of population that
openly defecated (mean = 10.96 and 6.32, P =0.03), lived
in slums (mean = 53.19 and 34.65, P = 0.03), had no mo-
bile cellular subscription per 100 persons {mean = 39.64
and 4.42, P=0.005) and had primary non-completion
rate (mean=28,09 and 621, P=0.009) than MICs.
There were no significant differences between LICs and
MICs in the percentage of the population with surface
water coverage (P =0.32) and percentage of <5-year-old
children with diarrhea who did not receive ORT (P=
0.39). A significantly higher percentage of the population
living below the national poverty line was found in LICs
than in MICs (mean = 39.59 and 24.35, P = 0.009). There
was no significant difference between LICs and MICs in
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the percentage of 3-5year-old children with ECGC
(mean = 63.12 and 65.65, P =0.75).

Table 2 shows the relationship between ECC and the
seven indicators of poverty among 3-5-year-old children
in the regression models. The combination of the seven
indicators of poverty in Model 2 explained 15% of the
variation in the percentage of 3—5 year-old children with
ECC compared to 1% cxplained by the monetary poverty
in Model 3. When all indicators were combined in
Model 4, the amount of variation explained by them was
lower (10%) than in Model 2 (15%).

In Model 4, six of the seven indicators of poverty had
an inverse relationship with the percentage of children
with ECC (Table 2). There was lower percentage of
children with ECC in countries with one unit higher
percentage of children under 5-years of age with moder-
ate to severe underweight (B =-0.85), one unit higher
percentage of population with surface water coverage
(B=-0.70), one unit higher percentage of population
with open defecation facilities (B =-0.09), one unit
higher percentage of children with diarrhea who did not
receive ORT (B = - 0.26), one more person in 100 with
no mobile cellular subscription (B = - 0.44) and one unit
higher percentage of children who did not complete pri-
mary school (B =—0.01).

The remaining indicator - percentage of urban popula-
tion living in slums - had a directly proportional rela-
tionship with the percentage of children with ECC: there
wasa higher percentage of ECC in countries with one-
unit higher percentage of urban population living in
slums (B = 0.35), In addition, there was a higher percent-
age of ECC in countries with higher percentage of the
population living below poverty lines (B.= 0.19).

Discussion

This study provides initial evidence on the relationship
between ECC in 3-5-year-olds and various dimensions
of poverty. We identified the association between
country-level measure of poverty and ECC. In addition,

Table 1 Level of dimensions of poverty and monetary poverty in the low and middle-income countries included in the study

STUDY VARIABLES LICs MICs Pvalue
N (96} 6 (11.8) 45 (83.2) -
Percentage af children <5 years with moderate to severe underweight: Mean (SD} 5.90 (2.93) 3.20 (338) 0.03
Percentage of the population with surface water coverage: Mean (SD) 552 (5.55) 301 (4.07) 032

Percentage of the population with aper defecation: Mean (SD)

Percentage of children <5 years with diarrhea who did not receive ORT with continued feeding: Mean (S0}

Percentage of urban population #iving in slums: Mean (S0

No mobile cellular subscription per 100 persons: Mear, (SD)

Primary non-completian rate: Mean (SD)

Percentage of population below the national poverty line: Mean (SD)

Percentage of 3-5-year-old children with ECC: Mean (SD}

10.96 (7.02)

5271 (7.79) 4721 (

5319 (1302) 3465 (1834) 003
i

6.32 (1041) 0.03
1491) 039

39.64 {2482) 442 (26.59) 0.005

2809 (17.12) 621 (11.15) 0.009

3959 (1620)  2435(1245 0009
)

63.12(2033) 6565(1785) 075
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Table 2 Relationship between ECC In 3-5-year-old children, the seven indicators of poverty and monetary poverty in the low and

middie-income countries

Maodel 1

Maodel 2

Model 3

Model 4

Percentage of children <5 years with
moderate to severe underweight

—-0.56 (=2.34,1.21)

Percentage of the population with
surface water coverage

- 091 (-2.12, 0.30)

Percentage of the population with
open defecation

~0.06 (- 0.58, 0.46)

Percentage of children <5 with diarrhea
who did not receive ORT with continued feeding

- 039 (- 080, 002}

Percentage of urban population living in slums -0.09 (- 043, 0.24)
—(0.12 (- 030, 0.06)
-0.30 (- 0.59, 0.002)

-0.13 (- 0.52, 0.26)

No mobile cellular subscription per 100 persons
Prirnary education non-comipletion rate

Percentage of population below the national
poverty line

Adjusted R? -

—0.46 (--4.29, 337)

- 0.56 (- 298, 1.85)

-0.15 (=1.01, 0.70)

-033 (- 091,025

029 (- 055, 1.14)
-041 (- 089, 007)
0.06 (- 0.65,0.77)

=013 (- 052, 026)

- 085 (~5.20, 3.50)

- 0.70 (327, 1.88)

—-0.09 (- 1.02, 0.83)

- 026 (- 095, 043)

035 (-~ 056, 1.27)
- 044 (- 095, 007)
-0.01 (- 0.80, 0.79)
0.19 (-~ 068, 1.06)

0.15 001 0.10

Model 1: univariate- individual factors one at a time; Model 2: seven indicators of poverty {underweight, surface water, open defecation, no diarrhea treatment,
living in slums, no cellular phone subscription and primary non-completion rate); Mode! 3: indicator of monetary poverty; Model 4: indicators in Models 2 and 3
R? for each of the factor included in the univariate regression in Model 1=0.02, 0.03, 0.02, 0.07, 0.02, 0.02, 0.009 and 0.01

we identified the relationship between measures of se-
vere deprivation of basic human need, which are more
likely to have serious adverse consequences for the
health, development and well-being of children, and
ECC. Our study highlights two important findings. First,
not all the measures of poverty had the same relation-
ship with ECC; while there was less ECC in countries
with more poverty indicated by worse conditions of
food, water, sanitation, health, information and educa-
tion, ECC was more prevalent in countries with shelter
and monetary poverty. Second, the combination of the
seven indicators of poverty explained more variation
than monetary poverty alone. This combination also ex-
plained more variation than combining all the seven in-
dicators of poverty along with he tmonetary poverty
indicator. The study hypothesis was therefore, only par-
tially sustained.

One of the strengths of the study was its use of large
datasets collated from measures derived from the global
surveys such as the Demographic Health Survey and
MIC, which provide high quality data [53]. We also did
not use a summative index for poverty thereby reducing
the risk for discounting item-level distinctions, and
showing clearly that different measures of poverty do
not have the same impact on ECC,

Despite the strengths of the study, the study findings
need to be interpreted with caution because of the pos-
sible fallacies associated with ecological studies likes
ours. The proxy measures of poverty were not all age
specific. We also did not control for traditional risk fac-
tors for ECC like oral hygiene, sugar consumption, tooth
brushing, use of fluoride and access to oral healthcare as
these remain largely unknown due to lack of country-

level data. In addition, because of data availability issues,
our sample consisted of mostly MICs and few LICs. The
differences in the distribution of poverty indicators be-
tween MICs and LICs may have affected our findings.
We used data that generally targets non high-income
countries (HICs) implying that our findings should not
be generalized to HICs. In spite of the study limitations,
the findings provide insights that can help in generating
hypotheses for further studies on ECC and poverty.

In the present study, monetary poverty was associated
with less ECC in univariate regression. However, when
added to the other indicators of poverty, it was associ-
ated with more ECC. Our finding partly agrees with
previous studies suggesting higher prevalence of ECC in
resources-constrained settings when compared to high-
income countries. Higher prevalence of ECC in
resources-constrained settings results from poorer access
to factors that may reduce diseases risk such as health-
care, professional advice, healthy dietary choices and
preventive dental programme [54], and casier access to
diets rich in free sugar because it is affordable [55].

We found that countries with higher percentage of its
population living in urban slums had higher prevalence
of ECC. There are more urban slums in transitioning
economies; and transiting economies are associated with
higher consumption of caries-promoting diets [56, 57].
Urban slums are also characterized by lack of basic in-
frastructure, dearth of socio-economic opportunities, ex-
treme deprivation, and enduring marginalization [58].
The findings may reflect the poorer health status of
children resident in slums compared to those in urban
settlement [59]. The poorer health outcomes of children
resident in slums may be related to the lower
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educational status of mothers in these settings [60]. Ma-
ternal education is a strong predictive variable for ECC,
stronger than household income [61]. While household
income represents the power to purchase material
goods, maternal education represents the ability to pro-
vide care including regular dental care visits and not
offering sugary foods to children, which are protective
factors for ECC [49]. Although the pathways by which
mother’s schooling affect caries is not fully understood,
it is likely that health beliefs, locus of control and self-
efficacy may at least partially explain these findings {62].

Also, children living in urban slums are more likely to
be exposed to poor environmental factors, and have
poor access to oral healthcare, and easy access to cheap
sugary diets than health food thereby contributing to the
high risk for ECC [63]. In addition, stress and poor resi-
dential stability associated with living in the slum could
lead to less self-care including poor oral care for pre-
schoolers [64]. There are few studies on ECC and urban
slum residency [65] despite the growing literature on the
health impact of the environment, urbanization and mi-
gration. Our study finding shows the need for further
studies.

We found countries with sanitation, access to health,
information and clean water problems had lower preva-
lence of ECC. We postulate that countries with sanita-
tion, access to health, information and clean water
challenges are likely to be poor indigenous communities
still largely dependent on traditional agrarian diet with
less consumption of industrialized and ultra-processed
meals [66]. They are also more likely to be dealing with
problems associated with infectious diseases rather than
non-communicable disease (such as ECC) seen in coun-
tries with transitioning economies.

There are no studies determining the relationship be-
tween sanitation, and access to clean water and oral dis-
eases in preschoolers. Studies are, therefore needed to
understand the link between sanitation and caries.
Water, sanitation and hygiene (WASH) programs reduce
the risk of infectious diseases by creating environments
that support good personal hygiene, and access to water
and sanitation [67]. This improves the health of the
population [68], and through that, improve country
economy. Many countries with WASH programs are
transitioning economies with changing dietary patterns
that increase the risk of non-communicable diseases, in-
cluding ECC [69]. If these countries do not concurrently
address oral health issues, such as through universal
health coverage programs [34], they may also experience
the problem of ECC.

We also found that malnutrition resulting in moderate
to severe underweight was not associated with higher
prevalence of ECC unlike what some prior studies had
indicated {69, 70]. A previous ecological study, which
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was more granular in its analysis on the relationship
between malnutrition and prevalence of ECC in 3-5
year-olds, also showed no significant association between
malnutrition and caries in the age group [71]. The de-
bate on the relationship between malnutrition and the
prevalence of ECC remains unresolved, and our findings
only adds to the uncertainty about this relationship. A
prospective cohort study may provide definite answers
about the relationship.

The relationship between ECC and the dimensions of
poverty observed in this study may be explained by the
association between health and poverty in general. The
improvement in the health status of countries is more
dependent on how society organizes itself and uses all
available resources rather than on wealth status per se.
While the association between ECC and poverty indica-
tors my not be of the same direction and strength for all
dimensions, poverty is still an important social deter-
minant for oral health and understanding how the di-
mensions inter-relate is important for planning and
implementing cost-effective interventions [72, 73]. The
present findings suggest that the impact of poverty on
ECC goes beyond the availability of financial resources;
it is also related to how financial resources are used to
improve children’s life and comprehensively ensure their
wellbeing. This may have implications for health educa-
tion and policy setting where oral health services should
be an integral part of planning for sustainable develop-
ment. Designing longitudinal studies that builds on this
hypothesis-generating ecological study may help oral
health workers to better target their ECC preventive care
for pre-school children identified to be at risk, using a
defined set of poverty indicators.

Conclusion

The study indicated that there is a complex relationship
between multiple indicators of poverty and ECC. A com-
bination of seven indicators of poverty explained greater
amount of variation in the percentage of 3—-5-year-olds
with ECC in LICs and MICs than the indicator for mon-
etary poverty did. Programs addressing poverty-related
infrastructure problems like water access, improved sani-
tation and ORT after diarrhea may have negative
implications for ECC control if not managed using a
comprehensive approach that includes considerations
for the children’s oral health. Most of the dimensions of
poverty measured in this study are associated with prob-
lems of communicable diseases that are becoming less
dominant in LICs and MICs giving way to a double bur-
den of communicable and non-communicable diseases,
with ECC being part of the latter. This may explain the
negative association between most of the indicators of
poverty and ECC prevalence observed in this study.




Folayan et al. BMC Oral Health (2020) 20:8

Supplementary information
Supplementary information accornpanies this paper at bipo
A TR B T

0
{

AL

Additional file 1. Appendix 1. Indicators and definitions of
rmuliidirnensional and ronetary poverty used in the study. Appendix 2:
List of countries included in the study.

Abbreviations

ECC: Early Childhood Caries; GDP: Gross Domestic Product; LICs: Low-income
Countries; MICs: Middle-incorne Countries; ORT: Oral Rehydration Therapy;
WASH: Water, sanitation and hygiene

Acknowiedgements

We acknowladge the contributions of other members of the Early Children
Caries Advocacy Group for editerials and suggestions for manuscripr
developrnent.

Authors’ contributions

MOF conceptualized the study and MF developed the statistical analysis plan
for the study. MOF and ME developed the first draft of the manuscript. NMA,
OBA, RIS, LG, IV, BOG, RA, AK, AV and CAF centributed to the review and
finalization of the manuscript. Al authors read and approved the final
nanuscript.

Funding
There was no funding to support this study.

Availability of data and materials
The datasers used and analysed for this study are publicly available

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable

Competing interests

MOF is a sectional Editor with the BMC Qral Health. ME, OA, JIV and AK are
Associate Editors with the BMC Qral Health. All other authors declare they
have no cornpeting interests.

Author details

"Faculty of Dentistry, Ohaferni Awclowo University, lle-ife, Nigeria. *Faculty of
Dentistry, Alexandria University, Alexandria, Fgypt. “Department of Preveniive
Dentistry, Jordan University of Science and Technology, PO Box 3030, Irbidl
22110, Jordan. *Nepartrnent of Preventive Dental Science, College of
Dentistry, and Departments of Paediatrics and Child Health and Conmunity
Health Sciences, Max Rady College of Medicine, Rady Faculty of Health
Sciences, University of Manitoba, Winnipeg, Canada. SFacultad de
Estoratologia, Universidad Peruana Cayetano Heredia, Lirna, Peru.
“Departraent of Clinical Dentistry, University of Berger, Bergen, Norway.
“Deparimen: of Preventive Dental Sciences, College of Dentistry, Imarn
Abdulrahman bin Faisal University, Darnmarn, Saudi Arabia. *Departrent of
Preventive and Cormmunity Dentistry, Faculty of Deptistry, Universitas Gadjah
Mada ‘fogyakarta, Yogyakarta, Indonesia. “Departrment of Paediatric Dentistry
and Orthodontics, University of Nairobi, Nairobi, Kenya. "“Departrnent of
Pediatric and Preventive Dentistry, School of Dental Medicine, University of
Belgradie, Belgrade, Serbia. ' 'Depaitment of Pediatric Dentisiry, Universidade
Luterana do Brasil, Cancas, Brazil

Received: 20 September 2019 Accepted: 30 December 2019
Published online: 06 January 2020

References

1. Fhantumvanit P, Makino Y, Ogawa H, Rugg-Gunn A, Moyrihan F, Fetersen
PE, et al. WHO Globa! Consullation on Public Health Irtervention against
Farly Childhood Caries. Community Derit Oral Epidemial. 2018,46(3):280- 7.

2. Scaglioni S, De Casmi V, Ciappolino V, Parazzini F, Brambilla F, Agasteni C.
Factors Influencing Children's Eating Behaviours. Nutrients. 2018;10{6:E706.

=

0.

Page 7 of 8

Barghi GN, Rodrigues LF, Lapes LM, Farisotto TM, Steiner-Oliveira €, Nobre-
dos-Santos M. Relationship among o amylase and carbonic anhydrase Vi in
saliva, visible biofitr, and early childhood caries: 2 longitudinal study. Int
Peadiatr Dent. 7017,27(3x174-82.

Kirthiga M, Murugdan M, Saikia A, Kirubakaran B, Risk factors for early
childhood caries: a systematic review and meta-analysis of vase control and
cohiort studies. Pediatr Dent. 2019412395112

Hatris R, Nicoll AD, Adair BM, Pine CM. Risk factors for dental caries in young
childrer: a systematic review of the literature. Community Derit Health.
20042101 Suppl71-8.

Rai NK, Tiwari T. Farental factors influencing the development of early
childhood caries in developing nations: 2 systematic review. Front Public
Health. 2013664,

Baggio 5, Abarca M, Bodenmann F, Gehri M, Madrid C. Early childhood
caries in Switzerland: a marker of social inequalities. BMC Oral Health. 2015,
15:82. b 2
LiY, Zhang Y, Yang R, Zhang Q, Zou J, Kang D. Associations of social and
behaviousal factors with early childhood caries in Xiamen city in China. Int
Paediatr Dent. 20171, 21(217103-11

Gibbs L, de Silva AM, Christian B, Gald L, Gussy M, Mocre |, Calache H,
Young D, Riggs E, Tadic M, Watt R, Gondal |, Waters E. Child oral heaktty in
migrant families: a cross-sectional study of caries in 1-4 year ald children
from migrant backgrounds residing in Melbeume, Australia. Community
Dent Health. 2016;332)100-€,

Aung YM, Tin ST, Jelleyman T, Ameratuniga S. Dental caries and previous
hospitalisations among preschool children: findings from a population-
based study in New Zealand. N Z Med J. 2014,132(7493):44-53.

Staphen A, Kishnan R, Ramesh M, Kumar VS, Frevalence of early childhicod
caries and its risk factors in 18-72 month old children in Salern, Tamil Nadu.
$rit Soc Prev Commurity Dent. 20155(2):95.
Kata H, Tanaka K, Shimizu K, Nagata C, Furukawa S, Arakawa M, Miyake Y.
Farental occupations, educational levels, and income and prevalerice of
dentel caries in 3-year-old Japanese children. Environ Health Prev Med.
2001722(13:80.

Tanaka K, Miyake ¥, Sasaki S, Hirota Y. Sociceconomic status and risk of
dental varies in lapanese preschool children: the Osaka maternal and child
health study. J Public Health Dent. 2013,73(3):217-23.

Martens L, Vanobbergen J, Willems S, Aps &, de Maesenear J. Determinants
of early childhood caries in a group of inner-city children. Quintessence Int.
200637527-36.

Masumo R, Bardsen A, Mashoto K, Astram AN, Prevalence and socio-
behavicral influence of early childhoad caries, ECC, and feeding habits
amonq 6-36 meniths old childrer in Ugands and Tarwania, BMC Oral
Health. 20121224

Thomsor WM. Sucial inequality in cral heafth. Community Dent Oral
Epiderniol. 2012:40:28-32.

Foley M, Akers HF. Does poverty cause derital caries? Aust Dent 1 2019,
64{1)96-102.

Amiresimaili M, Amini S, Shahravan A, Goudarz B, Anari SHS, Anbari Z,
Ghanbamejad M. Relation beiween socioeconomic indicators and children
derital caries in lran: a systematic review and meta-analysis. Int J Prev Med.
08149571,

Armfield 1M, Mejia GC, Jamieson LM, Socioeconomic and psychosocial
correlates of oral health. Int Dent 1 201363:202-9.

Petersen PE. Sociobehavioural risk factors in dental caries - international
perspectives, Community Dent Oral Epidemiol. 2005;33:274-9.

Reisine ST, Fsoter W, Socioeconomic status and selected behavioral
determinarits as risk factors for dertal caries. ) Dent Educ. 2001,65:1009-16.
Sanders AE, Spencer Al Social inequality: social inequality in perceived aral
health among adutts in Australia. Aust N Z 5 Public Health, 20042815966,
Schwendicke F, Dorfer C, Schfattmanin F, Page LF, Thomson W, Paris S.
Socioeconomic inequality and caries: a systematic review and rreta-analysis.
J Dent Res. 261594:10- 8.

Costa SM, Martins CC, MdLC B, et al. A Systematic Review of
Socineconomic Indicators and Dental Caries in Adults. Int ) Environ Res
Public Heahh. 2012;9:3540.

Baker, et al. Structural determinants and Children's Oral health: a cross-
National Study. J Derit Res. 2018,97(10):1128-36.

£l Tartawi M, Fotayan MO, Mehainia M, Vukovic A, Castilla I, Gaffar 8O,

et al. Prevalerice and data availability of early childhood caries in *93 United
Nations countries, 2007-2617. Am J Public Health. 2018;108(8}:1066-71,

SRS - O e

{5 ST TUAN (AR P A




Folayan et al. BMC Oral Health

27.

28.

36

31

33.

34.

38.

39.

49.

41

43.

44,

45.

46.

47.

48.

49,

50.

(2020) 20:8

Mobley C, Marshall TA, Milgrom P, Coldwell SE. The congribution of dietary
factors to derval carles ard disparities in caries. Acad Pediatr. 20095614104
Friestnitz MC, Celeste RK, Pereira MJ, Fires CA, Feldens CA, tramer PF.
Neighbourhood determinants of caries experience in preschool children: a
multitevel study. Caries Res. 2G16;50:455-61.
The Children's Society. Measuring child poverty: A new approach. (No datel.
Accessible at: firp o oo e haldiensn e, Cey ok ses de sl Il s
reasin_child_y e or, _finadpudf. Accessed 19 August 2019,
United Nations. The Copenhagen declaration and Programme of action:
word summit for social developmerit 6-72 March 1995, New York: United
Nations Department of Publications; 2005.
Gorden D, Nandy S, Pantazis C, Femberton S, Townsend P. Using multiple
indicator cluster survey (mics) and demographic and health survey (dhs)
data to measure child poverty. UK University of Bristel & London School of
Econamics; 2003.
Dye BA, Shenkin JD, Ogden CL, et al. The relationship hetween healthful
eating practices and derital caries in childreri aged 2-5 years in the United
States, 1988-1G9%4. ) Am Dent Assoc. 2004;35:55-66.
Hong L, Ahmed A, McCunniff M, et al. Obesity and dental caries in children
aged 2-6 years in the United States: National Health and nutrition
examination survey 1999-2002. 1 Public Health Denit. 200868L:227-33.
Alvarez JO, Caceda J, Woolley TW, et al. A longitudinal study of dental caries
iri the primary teeth of children who suffered from infant malnutrition. J
Derit Res. 1993:/72(1211573-6.
Shert A, Bernabé £, Sabbah W. The bidirectional relationship between
weight, height and dental caries among preschool children in China. FLoS
One. 2015;14{4).e0216227.
DiMarco MA, Ludington SM, Menke M. Access to and wtilization of ofal
health care by homeless children/families. J Health Care Poor Underserved.
2010:2112 Supplif7-81.
Selis-Riggioni A, Gallardo-Barquero C, Chavarria-Bolafios D. Prevalence and
severity of dental caries in foster-care children and adolescents. | Clin
Pediatr Dent. 201842(4}:269-72.
Tinanoff N, Baez R), Diaz Guillory €, Danly K, Feldens CA, McGrath €, et al.
Early childhcod caries epidemiology, aeticlogy, risk assessment, societal
burden, management, education, and policy. Global perspective. int
Paediatr Derit. 2019;,29(3)238-48.
Macek MD, Mitola D.. Explaring the association between overweight and
dental caries among US children. Pediatr Dent. 2006283 75-80.
Chugh VK, Sahu KK, Chugh A. Prevalence and risk factors for dental caries
among preschoal children: a cross-sectional study in eastern india. Int J Clin
Pediati Dent. 2018;11(3):238-43
World Bank World Development Indicators database: Gross nidtional income
per capita 2017, Adas method snd PPP. 2018, Accessible at [, vt e
D eer 3 i st ne oo Gl L or Accessed 1 Septermber 2019,
UNICEF. A Multidimensional Approach to Measuring Child Foverty. Social
and econamic policy working briefs. 2011, Accessible at Iy X
COREL S nul;,- lies Hlese W bvdirenste s duposach
Chld_Fonery 2 pdr Accessed 19 August 2019,
United Nation, M»llenrnum development goal indicators. Available at: terp -
¢ dasatierg osdie dae s, Accessed 19 August 2019,
World Health Organisation/UNICEF. Drinking water, sanitation, hygiene.
2019. Available at: fi s, Sovashd 1w onnydarad worebi ] Accessed 19
August 2019,
World Bank Group. Diarthea treatment (% of childreri under 5 receiving oral
rehydration and continued feedmgl 2019. Available at by« Sda
werkdbarhuapinde dtun T ST ORIFFS, Accessed 19 August 201‘4
Waorld Bank. Population Iiving in skams (% of urban population). 2019
Available gt hrpes d v eooldl ko indic o DL FOP DT TR D
Accessed 19 Aug 2019,
World Bank. Mobile cellular subscriptiors {per 100 people). 2019, Available at:
by darsw ~rldbankesndicson TCR ST R Accessed 19 Aug 2019.
World Bank. Primary completion rate, total (% of relevant age group). 2019
Available at togps s datisaddl anls R TR UNETZ S M-
car. Accessed 19 Aug 2019,
World Bank. Foverty headcourt ratio at national poverty lines (% of
population) 2019, Available at: b odara vl dbank e indi oS Ry
N Accessed 19 Aug 2019
Drury TF, Horowitz AM, lsmail Al, Maertens MF, Rozier RG, Sebwitz RH.
Diagnasing and reporting early childhood cartes for research purposes. A
repoit of a workshop sponsored by thie National Institute of Derital and

SN

18] i wiund

51,

55.

62.

63.

66.

68.

72.

Page 8 of 8

Craniofacial Research, the Health Resources and Services Administration,

and the Health Care Financing Administration. } Fublic Health Derit. 1694;

S4(3)192-7.

The World Bank, Data. World Bank list of economies. 2617, From tery

duink contdtank orrd s dosnload, e seens CL s sds Accessed

29th Oct 2017

Rothmar K, Greenland S. Causation and causal infererice in epidemiology.

Am J Fublic Health. 2005;95:5144-50.

USAID. Ani assessment of the quality of data on health and nutrition in the

DHS surveys, 1993--2003. DHS methodological reponts &. Cabverton,

Maryland: Macro International Inc; 2008.

Peres MA, Liu P, Demarce FF, Silva AE, Wehrmeister FC, Menezes AM, Peres

KG. Income trajectories affect treatment of dental caries from childhood to

young adulthood: a birth cohart study. Braz Oral Res. 2018:32:1.

Clarke M, Locker D, Berall G, Penchiarz P, Kenny DJ, Judd £. Malnourishment

in 4 population of young childien with severe early childhood caries.

Pediatr Dent. 2006;28(3)254 -9,

Popkin BM, Adair LS, Ng SW. Glebal nutrition transition and the pandemic

of obesity in developing countries. Nutr Rev. 2012;70(1):3-21.

Jaitman L. Urbari infrastructure in Latin America and the Caribbear:: public

policy priomies. Latin Am Econ Rev. 2015;24:13.

United Nations Populatior Fund (UNFPA). Growing up Urban: State of

World Population 2007 - Youth Supplement. New York: UNFPA; 2007.

Fink G, Glinther 1, Hill K Stum residerce and child heakth in developing

countries. Dermography. 2014;514).1175-97.

Unger A. Children's health in sfum settings. Arch Dis Child. 2013 Gy

98{10).799-805.

Fereira SH, Béria U, Kramer FF, Feldens £G, Feldens CA. Dental caries in 0-

10 S-year-old Brarilian children: prevalence, severity, and associated factors.

Int J Paediatr Dent 20071 7{(4):289-96.

Folayan MO, Alade M. Introduction to early childhood caries. Ir: Folayan

M), editer. A compendium ori oral health of childrer around the waorld:

early childhood caries, vol. 11788. Hauppauge: Nova Scierice Publishiers Ing;

2018.p. 1-13.

Tacoli C. Food (i} security in rapidly urbanising, low-incame contexts. Int J

Environ Res Fublic Healtl. 2017,14(12):1554.

Subbaramar R, Nolan L, Shitole T, Sawarit K, Shitole S, Sood K, et al. The

psychelogical toll of sium fiving in Murmbai, India a mixed methods study.

Soc Sci Med, 2014119715569,

Opondo 1A, Kemoli AM, Ngesa L. Impact of dental caries on the oral health

related quality of fife of urban shum children in Nairobi, Kenya. Edoriurm

Dent. 201/74:12-8.

Arantes R, Welch R, Tavares FG, Ferreira AA, CEA VMVC Ir. Human

ecological and social determinants of dental caries among the Kavante

indigenous people in Central Brazl. PLoS Orie. 2018;13(12):e0208312.

UNICEF. Strategy for Water, Sanitation and lygiene 2016-2030. 2076.

Available at: by b o cntenad st files, LEITFF_ ey o
sl e FDF Accessed 19 Aug 2019

Mer« hant AT, Jnncs €, Kiure A, Kupka R, Fitzmaurice G, Herrera MG, Fawzi

WW. Water and sanitation associated with improved child growth. Eur § Gin

Nutr. 200357(12):1562-8.

Tsang C, Sckal-Gutierrez K, Patel P, Lewis B, Huang D, Ronsin K, Baral A,

Bhatta A, Khadka N, Barkan H, Gurung 5. Early Childhood Oral Health and

Nutriticn in Urban and Rural Nepal. Int J Environ Res Public Health. 2019,

16(14)E2456. Lirps ol a7 2 wneiph e 13 e,

Psoter W), Reid BC, Katz RY. Malnutrition and dental caries: 2 review of the

literature. Caries Res. 200539(61:441-7.

Wassuna D, Opinva G, Masiga M, Ngatia £, Regina MR. The niutritional status

of the children with severe-ECC comparison with the nutrtional status of

children withaut caries aged 3~5-years-old and with the caregiver's

demoqraphm ina i\enydn Hospital. Mod App Den* Oral Health, 201821

s A b rg s SRR OAE T R

Bloom D, Canniing 0. The health and poverty of nﬂ(ons fror theory w0

practice. j Hum Dev. 2003;4(1)47-71.

Dye BA, Thorntor-Evans G. Trends in oral heakth by poverty status as

measured by healthy people 2010 objectives. Fublic Health Rep. 2010;

125(6):817-30.

Publisher’s Note
Springer Nature rernains neutral with regard to jurisdictional clairns ir
published maps and institutional affiliations.




See discussions, stats, and author profiles for this publication at: httpe  wwwaciear hgate not pabncater 335.16300

Association between early childhood caries and poverty in low and middle

income countries

Article . BMC Orat Health - December 2020

), g

CITATIONS AFAS
0 10
12 authors, including:
Maha Ef Tantaw Lo tYirtanen
Alexandria University University of Turku
106 PUBLICATIONS 320 C:TATIONS 156 Pyl CATIONS 1,734 C'TATONS
SEE PROFHF SET PROFILE
Some of the authors of this publication are also working on these related projects:
Propecy Development of Tissue Engineering Scaffold Lulizing Bicactive Glass Having Nano to Macro Scale 30 Porosity View project

vt Oral Health Assessment in the Eastern Province, SaudiArabia ¥ e project

All content following this page was uploaded by Jotmal Virtanen on 08 January 2020.

The user has requested enhancement of the downloaded file.

Fa)




