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Objectives. To assess the relationship between health care system and economic
factors and early childhood caries (ECC) data availability and prevalence.

Methods. We estimated ECC data for 193 United Nations countries from studies
published between 2007 and 2017. We obtained other variables from the World
Health Organization and the World Bank databases. We assessed association with
ECC data availability by using logistic regression and with ECC prevalence by using

linear regression.

Results. We included 190 publications from 88 (45.6%) countries. The mean ECC
prevalence was 23.8% and 57.3% in children younger than 36 months and children aged
36 to 71 months, respectively. The odds of ECC data availability were significantly higher
for countries with more physicians and more dentists. In children younger than 36
months, ECC prevalence was associated with universal health coverage (B=-6.56). In
children aged 36 to 71 months, it was associated with growth of gross national income

(8=0.27).

filled teeth in 12-year-old children in 73
countries.'” Only 1 study was found to ad-
dress the association between ECC and in-
come inequalities in 22 rich countries."'
National health care systems—a macro-level

factor—can affect ECC prevalence™®'?

by hav-
ing an impact on access to preventive and cu-
rative care.”” The distribution of health
professionals'* and the availability of health-
related data give insight about the performance
of national health care systems.*'*> When data
are available, health problems can be more
readily addressed. For example, the World
Health Organization (WHO) provided access

to information on dentists’ numbers, and this

Conclusions. Countries with more physicians and more dentists were more likely to
have ECC data. Among those with data, countries with higher economic growth had
higher ECC prevalence. (Am J Public Health. 2018;108:1066—1072. doi:10.2105/AJPH.

2018.304466)

See also Tschampl, p. 980.

Early childhood caries (ECC) is a global
epidemic, affecting the quality of life of
young children and their families' with effects
on growth and development” in addition to
an economic burden caused by the need for
oral rehabilitation under general anesthesia.”
It requires attention to interrelated multiple
etiological factors at the micro (family), meso
(organizations such as schools), exo (com-
munity norms), and macro (national and
cultural systems) levels.*>

Most studies on ECC identify risk factors
at the micro and meso levels. These include oral
health behaviors of children shaped by their per-
sonality and close family members, friends, or
other social contacts.” The social-ecological
model explaining ECC posits that exo- and
macro-level factors also affect caries risk in children.”

Few studies have investigated the impact
of macro (country)—level factors on caries
prevalence in adults.”® In children, a study

assessed the association of wealth, dentist
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availability, sugar availability, and toothpaste
sales with the oral health of 12-year-old
children in 29 European countries.” Another
study assessed the impact of income and in-
equality on the association of sugar con-
sumption and caries experience measured
by the number of decayed, missing, and

improved countries’ investment in workforce
planning to meet oral health needs.'” Data on
ECC are sparse'® limiting analysis and pre-
scription for policy formulation, program de-
sign, and implementation to address ECC
problems at country and global levels.

We aimed to identify the macro-level
factors associated with ECC data availability
and prevalence. Specifically, we assessed how
determinants including the number of den-
tists per 1000 population, number of physi-
cians per 1000 population, universal health
coverage (UHC), growth in per-capita gross
national income (GNI), and per-capita health
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expenditure are associated with (1) availability
of country data on ECC and (2) prevalence
of ECC.

METHODS

We collected macro-level data covering
the period January 2007 to October 2017 for
193 member states of the United Nations."”

Data Sources

Early childhood caries prevalence. For each
country, we extracted data on ECC preva-
lence from the WHO Country Oral Health
Profile database.'® We also searched other
databases—MEDLINE, Web of Science,
Scopus, and Google Scholar (first 100 search
results)—by using a country’s name com-
bined with “caries” or “dental decay.” We
complemented this by searching master’s and
doctoral degree theses about ECC, articles
published in local journals, and government
reports.'® We applied no language filter.

We included studies if they (1) were
conducted on humans in an epidemiological,
nonlaboratory setting; (2) assessed ECC
(defined as the presence of 1 or more decayed,
missing, or filled tooth surface in any primary
tooth in a child aged 71 months or younger) '’
or data were available to allow its estimation;
and (3) included healthy children. Excluded
studies were (1) duplicates such as theses and
resulting publications, (2) publications from
which needed information could not be
extracted (article with no full text or in-
formation not mentioned), and (3) studies
published before 2007.

After these exclusions, 190 publications
on ECC from 88 countries (45.6% of the
UN member states) were available (Appen-
dix, Table A, available as a supplement to the
online version of this article at http://www.
ajph.org). We extracted data from studies
reporting prevalence figures from nationally
representative samples if they were available
(n=25; Appendix). Otherwise, we used the
retrieved data to calculate ECC prevalence
for a country by dividing the total number
of children affected by ECC in the study
or studies by the total number of children
examined and multiplying by 100.

Population characteristics. We obtained the
numbers of children younger than 36 months
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and children aged 36 to 71 months in each

country from the World Bank Databank by
using the 2015 estimates.”’ We obtained the
number of dentists per 1000 population and
the number of physicians per 1000 population
from the WHO Global Health Observatory
data repository updated in February 2017.%'

Country characteristics. We assessed the
UHC status of each country according to the
definition by Feigl and Ding22 including (1)
the presence of laws ordaining that all citizens
in the country have access to a core set of’
health care services, (2) 85% or more of the
population have formal health coverage, (3)
90% or more have access to skilled health care
workers’ attendance at birth, and (4) 25% or
less of the total health expenditure is out-of-
pocket payment, thereby ensuring financial
risk protection.

Gross national income is the sum of value
added by all resident producers plus any
product taxes (less subsidies) not included in
the valuation of output plus net receipts of’
primary income (compensation of employees
and property income) from abroad. This was
converted to international dollars based on
purchasing power parity to allow across-
country comparisons. An international dollar
has the same purchasing power as a US dollar
in the United States. We obtained data on
per—capita GNI between 2006 and 2016 (latest
available) from the World Bank Databank.?

Per-capita health expenditure is the sum
of public and private health expenditures as
a ratio of total population. It covers the
provision of health services (preventive and
curative), family planning activities, nutrition
activities, and emergency aid designated for
health. We obtained data for 2006 and 2014
(the latest available) from the World Bank
Databank.>*

Analysis

The outcome variables were (1) global
ECC data availability and (2) ECC prevalence
for children younger than 36 months and
children aged 36 to 71 months. This cut-oft
point for age was in line with children’s
categorization by the American Academy
of Pediatrics.”> We assessed the health care
system and economic factors associated with
these 2 outcome variables.

We categorized the UN member states
on the basis of ECC data availability into
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countries with (1) no data, (2) outdated data
(data available before 2007), and (3) countries
with data available from 2007 to 2017. For
each category, we calculated the number and
percentages of countries and child
population.

We categorized the UN member states
into countries with ECC prevalence of (1) 0%
to 25%, (2) 26% to 50%, (3) 51% to 75%, and
(4) 76% to 100%. We used ArcGIS (Esri,
Redlands, CA), a geographic information
system for working with maps and geographic
information, to map the global ECC distri-
bution. We calculated the number and per-
centages of countries and children affected
by ECC in each category (estimated child
population in a country in this age group
multiplied by the prevalence).

The health care system factors were (1)
number of physicians per 1000 population,
(2) number of dentists per 1000 population,
and (3) having UHC.

The economic factors were growth rate of
per-capita GNI between 2006 and 2016
calculated as

(1) (per — capita GNIin2016 — per — catipa
GNIin 2006/ per — capita GNIin 2006 ) x 100

and growth rate of per-capita total health
expenditure between 2006 and 2014 calcu-
lated as

(2) (per — capita total health expenditure in
2014 — per — capita total health expensiture
in 2006 / per — captita total health

expenditure in 2006) X 100.

We categorized countries by the 2016
World Bank regions> into

. North America,

. Latin America/Caribbean,
. Europe/Central Asia,
Middle East/North Africa,
. sub-Saharan Africa,

. South Asia, and

. East Asia/Pacific.

N o0 A~

We reported ECC data availability and
prevalence by regions.

We assessed the odds of a country having
available ECC data (a binary, yes-or-no
variable) for children younger than 36 months
and children aged 36 to 71 months by using

binary logistic regression univariate and
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multiple models. We determined the asso-
ciation between ECC prevalence (as a quan-
titative variable) for each age group and the
independent variables by using univariate
and multiple linear regression models. We
calculated odds ratios (ORs), parameter es-
timates, 95% confidence intervals (Cls), and
P values. We adjusted for whether the ECC
prevalence estimates were obtained from
representative samples by using national
surveys. We calculated partial N squared as
measure of effect size. We used SPSS version
22.0 (IBM, Somers, NY) for analysis. We
considered P<.05 statistically significant.

RESULTS

In the included studies, there were 68 031
children younger than 36 months and
154 452 children aged 36 to 71 months. Data
were less available for children younger than
36 months: 141 countries (73.1% of UN
member states) had no ECC data about their
133.7 million children of that age while
89 countries (46.1%) had no data about
55.9 million children aged 36 to 71 months
(Appendix, Table B, available as a supplement
to the online version of this article at http://
www.ajph.org). The ECC data were least
available in sub-Saharan Aftica: only 4 (8.3%)
of the 48 countries in this region had data
for children younger than 36 months and
10 (20.8%) countries had data for children
aged 36 to 71 months (Appendix, Figure A,
available as a supplement to the online version
of this article at http://www.ajph.org).
National surveys of ECC were conducted
in 25 (13.0%) countries.

The mean global physicians per 1000
population ratio was 1.6 (SD =1.5) and the
mean global dentists per 1000 population
ratio was 0.3 (SD =0.3) with 32 countries
(12.8%) having UHC. The mean growth rate
of per-capita GNI was 44.0 (SD =28.7) and
the mean growth rate of per-capita health
expenditure was 53.6 (SD =53.2). The
growth in per capita GNI was moderately,
negatively, and significantly correlated with
per-capita GNI in 2006 (Pearson correlation
coefficient =—-0.39; P<.001).

Table 1 shows that the ORs of having
ECC data for both age groups were signifi-
cantly higher among countries with greater
number of physicians (P=.01 and .002) and
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dentists (P=.005 and <.001). For children
aged 36 to 71 months, countries with
UHC had significantly higher ORs of data
availability than countries without UHC
(P=.004). In the multiple regression models,
all variables lost significance. In addition, the
ORs of some variables were reduced (UHC
in the model of children younger than 36
months and UHC and dentists per 1000
population in the model of children aged
36 to 71 months).

Figures 1 and 2 show the global prevalence
of ECC in children younger than 36 months
and children aged 36 to 71 months, re-
spectively. The prevalence ranged from
0.3% to 69.6% and from 6.3% to 98.1%,
respectively.

Among children younger than 36 months,
the mean prevalence was highest in North
America (31.7%) and South Asia (30%) and
lowest in sub-Saharan Africa (14.3%; P = .86).
For children aged 36 to 71 months, the mean
prevalence was highest in East Asia/Pacific
(68.7%) and Middle East/North Africa
(66.2%) and lowest in Europe/Central Asia
(43.9%; P=.004; Appendix, Figure B,
available as a supplement to the online version
of this article at http://www.ajph.org).

Between 2007 and 2017, an estimated 64.6
million children younger than 36 months
were affected by ECC. In 1 country (Egypt),
ECC prevalence ranged between 51% and
75%. The number of affected children aged
36 to 71 months was estimated to be 173.5
million. In this age group, 55 countries had
caries prevalence greater than 50% with es-
timated 152.8 million children affected (88%
of all affected children in this age group
globally). The mean prevalence for chil-
dren younger than 36 months was 23.8%
(SD = 14.8%) and 57.3% (SD = 22.4%) for
children aged 36 to 71 months (Appendix,
Table C, available as a supplement to the
online version of this article at http://www.
ajph.org).

Table 2 shows that, among children
younger than 36 months, none of the health
care system factors was significantly associated
with ECC prevalence, while among children
aged 36 to 71 months an increase of 1 physi-
cian per 1000 population (P=.001) and
the presence of UHC (P=.001) were signifi-
cantly associated with lower ECC prevalence.
One-percent growth in per-capita GNI
and in per-capita health expenditure was

associated with significantly higher preva-
lence in children aged 36 to 71 months
(P=.002 and .02, respectively). In the mul-
tiple linear regression model for children
younger than 36 months, none of the vari-
ables showed a significant association with
ECC prevalence and the greatest eftect

size was calculated for UHC and growth in
GNI (partial 1 squared = 0.04 and 0.03, re-
spectively). The model, however, explained
a minor portion of the variation in ECC
prevalence (adjusted R* =0.03). For children
aged 36 to 71 months, the only variable with
significant association was growth in GNI
(P=.01). This variable had the greatest effect
size (partial N squared = 0.09), followed by
the number of physicians per 1000 population
and UHC (partial 1| squared = 0.05 and 0.04,
respectively). The model explained 22% of
the variation among countries in ECC
prevalence (adjusted R* = 0.22).

DISCUSSION

This study suggested that, during the past
decade, most UN member states either did
not have or had outdated ECC data, with no
information about 40% of children younger
than 36 months and 20% of children aged 36
to 71 months. Countries with higher densities
of physicians and dentists were more likely to
have ECC data. We found an indication that,
among countries with recent ECC data, those
with UHC were more likely to have lower
ECC prevalence whereas those with higher
growth rate of GNI were more likely to have
higher prevalence. Our findings may help
fill a knowledge gap by reporting on ECC
data availability and prevalence in the UN
member states for children younger than 36
months and children aged 36 to 71 months in
39 and 86 countries. This adds to the findings
of the only previous report of global ECC''
among children aged 5 to 6 years from 48
countries. The present study is also the first to
highlight the possible impact of macro-level
factors on ECC for countries with various
health care and economic profiles. This
presents a call to action to control this disease
and address its impact on the health and
well-being of young children.

The results showed different patterns of
ECC data availability by age with more data
available for children aged 36 to 71 months.
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TABLE 1—Factors Associated With Global Early Childhood Caries Data Availability in Children Younger Than 36 Months and Aged 36 to

71 Months: 2007-2017

Variables

Children Younger Than 36 Months
(n=39 Countries)

UOR (95% ClI) AOR (95% CI)

Children Aged 36-71 Months (n =86 Countries)
UOR (95% Cl) AOR (95% CI)

Health care system factors
Physicians/1000 population
Dentists/1000 population
Has universal health coverage
Economic factors
Growth in per capita GNI (2006-2015)
Growth in per capita health expenditure (2006-2014)

1.33 (1.0, 1.66)
3.96 (1.52, 10.35)
2.07 (0.89, 4.83)

1.24 (0.82, 1.86)
4.07 (0.77, 21.50)
0.68 (0.24, 1.94)

1.00 (0.9, 1.02)
1.00 (0.99, 1.01)

1.00 (0.9, 1.02)
1.00 (0.9, 1.01)

139 (1.14, 1.71)
5.55 (2.19, 14.06)
3.33 (148, 7.51)

1.33 (0.89, 1.99)
3.95 (0.71, 22.00)
1.11(0.39, 3.15)

1.00 (0.99, 1.01)
1.00 (1.00, 1.01)

1.00 (0.99, 1.02)
1.01 (1.00, 1.01)

Note. AOR = adjusted odds ratio; Cl=confidence interval; GNI=gross national income; UOR = unadjusted odds ratio.

This is possibly because they can be more
easily sampled and accessed. There were also
age differences in ECC prevalence and as-
sociated determinants. We recommend that
future studies address ECC questions sepa-
rately for children younger than 36 months
and those aged 36 months and older because
combining both may obscure differences
that are important for policy and program
development.

We observed higher odds of having ECC
data in countries with greater number of
physicians and dentists. We also observed that

dentists” availability was associated with ECC
prevalence and the effect size (partial
squared) was lower than that associated with
physicians’ availability. The lower effect size
for dentists’ availability is probably attribut-
able to the lower global presence of dentists
and the role physicians play in providing
primary oral health care to preschool children
when dentists are not adequately available.”’”
Also, the number of physicians may be an
indicator of the quality and availability of
health care reflecting better children’s health
and reduced ECC prevalence.?® These results

differ from previous studies reporting on
older children. For example, Downer et al.”
reported a weak, negative nonsignificant
correlation (p =—0.082) between population
per active dentist and decayed, missing, and
filled teeth among 12-year-old children in
European countries. Pinilla and Gonzalez,'*
on the other hand, reported no correlation
between decayed, missing, and filled teeth of
12-year-old children and dentists’ number in
European countries.

This study provided initial evidence on
the influence UHC may have on ECC
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FIGURE 1—Global Prevalence of Early Childhood Caries Among Children Younger Than 36 Months: 2007-2017
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FIGURE 2—Global Prevalence of Early Childhood Caries Among Children Aged 36 to 71 Months: 2007-2017

prevalence, especially in children aged 36 to
71 months. It may be because countries with
UHC also implement oral health policies
allowing preschool children to access pre-
ventive oral care. This agrees with a previous
observation that health care systems and the
services they provide may be related to dif-
ferences in oral diseases profile among
countries.”” However, it was reported that
dental services availability in the public health
sector was not associated with reduction in

caries prevalence in children.'* In addition,
previous studies concluded that UHC of-
fering generous care may lead individuals to
engage in risky health behaviors thereby in-
creasing the odds of disease or its severity.””
Not all countries providing UHC include
oral health care in their package'* so that the
presence of UHC may be more indicative
of strategies for care delivery by allocating
resources rather than greater focus on den-
tal care. This may explain the negative

association between ECC data availability and
UHC in younger children in the multiple
regression model. Therefore, further studies
are needed to explain this association.

Our results suggest that countries with
greater economic growth had higher ECC
prevalence. This observation may be the re-
sult of a “harvesting” phenomenon in which
improved economy makes it possible to
generate more ECC data. The association
may alternatively be explained by the

TABLE 2—Economic and Health Care System Determinants of Global Early Childhood Caries Prevalence in Children Younger Than 36 Months

and Aged 36 to 71 Months: 2007-2017

Children Younger Than 36 Months

Children Aged 36-71 Months

Univariate Model Multiple Model Partial n Univariate Model Multiple Model Partial m

Variables (n=39), B (95% Cl) (n=38), B (95% Cl) Squared (n=86), B (95% CI) (n=77), B (95% Cl) Squared
Health care system factors

Physicians/1000 population -1.09 (-4.53, 2.36) 1.43 (-3.15, 6.01) 0.01 -5.93 (-9.26, -2.60) -4.60 (-9.36, 0.17) 0.05

Dentists/1000 population -7.99 (-19.57,3.60)  -1.56 (-17.91, 14.79) 0.001 -13.16 (-26.79, 0.46) 12.21 (-6.14, 30.56) 0.03

Has universal health coverage -6.73 (-17.66, 4.20) -6.56 (-19.11, 5.99) 0.04 -18.32 (-28.64, -8.00) -9.94 (-22.15, 2.27) 0.04
Economic factors

Growth in per-capita GNI 0.1 (-0.06, 0.28) 0.16 (-0.18, 0.51) 0.03 0.28 (0.11, 0.45) 0.27 (0.06, 0.47) 0.09

Growth in per-capita health expenditure 0.06 (-0.05, 0.18) 0.05 (-0.13, 0.23) 0.009 0.09 (0.01, 0.16) 0.05 (-0.03, 0.13) 0.02

Model adjusted R? 0.03 0.22

Note. Cl=confidence interval; GNI=gross national income. Multiple models are adjusted by whether there are national surveys providing representative
samples or not: For children younger than 36 months, B=1.58 (95% Cl=-11.41, 14.57). For children aged 36-71 months, B=-5.92 (95% Cl=-16.13, 4.28).
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negative correlation between GNI growth
rate and GNI in 2006 so that more growth
occurred in less-affluent countries. This ob-
served direct association between GINI
growth and ECC prevalence may reflect
greater exposure of growing economies to
risk factors that may not have been matched
with concomitant institution of preventive
measures and practices.”’ Our results are in-
directly supported by previous studies that
measured economic condition at 1 time point
rather than measuring change in economic
status over time like we did. For example,
Bernabé and Hobdell'! demonstrated lower
oral diseases in countries with better econo-
mies. Pinilla and Gonzalez'* also reported
lower decayed, missing, and filled teeth
among 12-year-old children in countries with
higher gross national product (coefticient =
—0.05) and Bernabé et al.” reported negative
correlation between the number of decayed
teeth and GNI (coefficient =—0.26) among
12-year-old children.

Limitations

This study had some limitations. First, by
following the American Academy of Pediatric
Dentistry’s definition of ECC, we minimized
variation attributable to different diagnostic
criteria. However, we had no control over
data quality and in-country geographic
coverage. In some cases, data from localized
areas were used to represent a country. In
other cases, country estimates could have
been based on populations with higher caries
risk increasing the possibility for over-
estimation of ECC prevalence. However, we
adjusted for the presence of nationally rep-
resentative data in multiple regression, and its
impact on the conclusions is thus accounted
for. These limitations were reported by other
investigators.” In addition, a similar approach
is used in the WHO database where oral
diseases’ estimates may be derived from
samples that are not nationally representa-
tive.'® Data limitations also reduced sample
size. This may have affected the power of the
regression models to detect significant asso-
ciations, especially if they were of small effect
size. We tried to address this by calculating
partial 1} squared as a measure of effect size to
show the relative strength of various factors in
each model. Partial | squared, however, has
limited use for comparison with other studies
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that might have used other combinations of
explanatory variables measured differently.
Second, data were collected at different
levels. For example, dentist-to-population
ratio, physician-to-population ratio, GNI,
and health expenditure were calculated for
the whole country whereas ECC data were
based on samples of children aged 71 months

or younger.”'! This ecological fallacy may
affect interpretation. It is a trade-oft for the
macro-level insights this kind of study offers.

Third, we used the latest available data and
tried to match the time of data whenever
possible. However, we appreciate that tem-
poral differences were unavoidable and might
have had an impact on the observed associ-
ation depending on the magnitude of change
expected to occur by time in these factors.

Fourth, we considered the number of
physicians to the population and the number
of dentists to the population. These are rough
estimates of professionals’ availability that do
not take into account differences in specialties,
productivity, and administrative versus geo-
graphic scope. We also did not include other
professionals who, in some countries, may
provide care to children such as dental hy-
gienists and therapists. Nevertheless, these
factors were used in similar studies.”'*'> Fi-
nally, the impact of other confounding factors
on ECC was not assessed because of data
availability constraints. Factors such as oral
hygiene, dietary practices, and infant feeding
practices need to be considered in future
studies.

Public Health Implications

This study highlights the need for global
action to support growing economies to re-
duce ECC risk. This includes help for peri-
odic systematic data collection on ECC using
standardized methods in regions that lack data
altogether, such as sub-Saharan Africa. It is
important to use an upstream approach by
addressing factors that are closely associated
with ECC causation and at the same time
address existing treatment needs of affected
children so that their development is not
jeopardized. Optimal resources allocation is
needed to address the limited availability of
financial, human, and infrastructural capacity
in countries worst affected by ECC such as
those in East Asia and the Pacific and those in
Latin America and the Caribbean. Global
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discussion among professional associations,
academicians, policymakers, and community
leaders supported by evidence and sharing of
experience will help set a global agenda to
address these challenges. This helps achieve the
targets of the third sustainable development goal
of the United Nations, to ensure healthy lives
through UHC, increasing the recruitment and
retention of health workforce, and strength-
ening the capacity to manage health risks,
especially in developing countries.> A4JPH
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