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Epidemiology of dental caries: when
structure and context matter’

Abstract: The widespread expansion of the sugar market drove dental
caries prevalence to high levels in several regions of the world. On the
other hand, the dissemination of fluoride use is one of the reasons for
caries decline at the end of the 20™ century. However, caries remains
one of the most prevalent non-communicable chronic diseases in human
beings, and an important cause of pain and dental loss, which lead to
school and work absenteeism affecting individuals’ daily activities and
emotional stability. The decline in caries has important implications for
research, human resources and oral healthcare. The aim of this study
was to summarize the changes in dental caries occurrence in the popula-
tion, and bring to light the latest research on the role of non-biological
determinants in caries distribution.

Descriptors: Dental Caries; Epidemiology; Risk Factors.

Introduction

Dental caries is a multifactorial disease in which the signs of carious
demineralization can be seen on the hard dental tissues, but the disease
process is initiated within the bacterial biofilm (dental plaque) that cov-
ers the tooth surface. It is affected by the consumption of dietary sugars,
salivary flow and composition, teeth cleaning and exposure to fluoride,!
among other factors. The health-disease process may be investigated on
at least three levels: sub-individual, individual and population.? In this
last level, the chronic forms of dental caries predominate. The acute
forms, characterized by periods of latency and short-term asymptomatic
courses, occur in a small proportion of those affected by the disease, es-
pecially during the stage of tooth emergence in childhood. Although the
vertical transmission of microorganisms associated with the occurrence
of this disease from parents and caregivers to children has been dem-
onstrated, from the point of view of the population, dental caries is not
considered a communicable disease, and is recognized as part of the non-
communicable chronic diseases that best fit the research and description
model.

Despite the decline in the population, the disease is still the main oral
health problem in most industrialized countries and the major cause of
tooth loss and pain leading to absenteeism at work and school, thus af-
fecting the daily performance and emotional stability of individuals.’ The
main objectives of dental caries epidemiology are to describe its distribu-
tion, to investigate its determining factors and to assess the impact of
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certain actions on its occurrence in the population.
The purpose of this article was to summarize the

changes in occurrence of dental caries, highlighting

the importance of non-biological determinants on

its distribution in the population.

Distribution of dental caries in
the population

Historical findings have shown that tooth decay
emerged as an important disease in the population,
as the process of urbanization and industrializa-
tion progressed in different regions of the planet. In
Greece, where there are historical documents cover-
ing a long period, it has been possible to compare the
attack of caries detected in the skeletons of individu-
als who lived thousands of years ago with the skel-
etons of newer individuals. The data shows a rapid
deterioration during the 19" century. The expansion
of sugar consumption in the 16" and 17 centuries
helps explain the change in the global scenario and
the epidemic levels in more developed regions.*

The greater levels of caries and the growing
perception of illness turned this oral health prob-
lem into a priority on the agenda of public health
authorities.* During World War I, one of the main
reasons that young people were refused enlistment
in the army was their bad mouth conditions. In the
early 1930s, researchers in the public health service
of the United States of America began to develop
measurement techniques for monitoring distribution
trends. Over the years, the DMFT index became a
relevant tool for dental specialists.* In spite of cer-
tain variations in the criteria for detecting its oc-
currence, the epidemiological information that was
produced—based on tactile-visual examination and
on the dentin lesion—allowed the first global com-
parisons to be made.

The publication of the first country maps iden-
tifying the classes of comparable DMFT values
indicated a complex framework in the mid 1970s.
Despite the predominance of high levels for most
countries,® the data showed that caries was increas-
ing in some less developed regions and decreasing in
some more developed regions.®

An unprecedented fact was recognized in 1982:
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the decline of dental caries in children and adoles-
cents in some industrialized countries. The most
important hypotheses were broad socioeconomic
development and the spread of fluoride methods,
including the fluoridation of vehicles such as wa-
ter, salt, and toothpaste.” Dental clinical services
would explain less than 5% of the variation in the
values observed. In addition to this change, there
was an important polarization process described
in the distribution of the disease burden, in which
70% to 80% of the carious lesions were reported
to affect 20% to 30% of individuals.® Currently,
the WHO Global Oral Health Program supports a
collaborating center at Malmo University (Sweden)
that gathers and provides caries prevalence data for
oral health surveillance (http://www.mah.se/capp/).
A synthesis of the broad epidemiological pattern in
the early 21% century shows that the prevalence of
edentulism is often higher and the mean number of
retained teeth is therefore markedly lower among
populations in high-income countries, as compared
with low- and middle-income countries.

The decline in caries in Brazilian children was
first observed in the mid 1990s, according to two
epidemiological surveys covering different parts of
the country.” A reduction in the severity levels of the
disease was identified in adolescents and adults in
2003. A concentration of the greatest disease bur-
den was also observed in a small proportion of in-
dividuals.’ The expansion of the water fluoridation
program in the 1980s has prevailed among the pos-
sible explanations for the decline in Brazil.>'® From
an economic point of view, fluoridation expansion
as a public policy was driven by federal funding,
and, from a political perspective, by decision of the
state governors, who were again elected by direct
vote in 1982, after Brazil’s return to democracy.
Another measure to be considered was the addition
of fluoride to the most marketed toothpaste brands
and the spread of its daily use in elementary schools
after approval of federal funding for the develop-
ment of school-based topical fluoride programs.®°
Also worth mentioning are the public policies of so-
cial protection and economic adjustment.

Brazil has seen an improvement in human de-
velopment since the last decade of the 20t century.
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In recent years, the income inequality measured by
the Gini index fell to its lowest levels in fifty years
(0.53). One of the most visible consequences has
been the population mobility among different in-
come and educational levels. A reduction was seen
in the number of families that lived with a per capita
income of up to half of a minimum wage. On the
other hand, an increase in teenage and adult school-
ing was noticed. Evidence from different studies has
supported the correlation between human develop-

ment and dental caries.!'"!3

Implications of dental
caries decline

The decline of caries prevalence has important
implications on research, as well as on the training
and development of the workforce, and the manage-
ment of health systems and dental services. From
the point of view of research, the asymmetric dis-
tribution of caries disease implied that new forms
of analysis and comparison of its occurrence had to
be devised within and between populations. In ad-
dition, the investigation of changes in dental caries
patterns allowed the formulation of five postulates
by which it is possible to predict (1) the average lev-
els of DMFT in older ages based on current levels, if
environmental conditions are stable and there is no
effective intervention; (2) the average level of DMFT
and the percentage of caries-free children; (3) the av-
erage values of DMFS from the DMFT and vice ver-
sa; (4) the most affected surfaces and tooth groups
according to the level of DMFT at a given period of
time; (5) and the rate of caries progression.'

The caries decline implies a greater number of
teeth retained for future generations. The mainte-
nance of current low levels and the search for future
gains will require more emphasis on contents and
practices addressing health promotion and disease
prevention for developing the upper and middle level
workforce. A balance between generalists and spe-
cialists suited to deal with the oral health needs of
each population should be sought, combined with
efforts to increase the diversity, capacity, and flex-
ibility of the workforce.

In relation to the community-based programs
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and oral healthcare services within health systems,
it is important to pursue current efforts toward re-
forming the health sector, and improving its funding
and management for universal coverage, compre-
hensiveness and equity of care.” Systems for moni-
toring, surveillance and evaluation of population-
wide strategies related to fluoridated water, salt and
toothpastes must be maintained. In addition, it is
important to improve the community-based oral
health programs on caries prevention among chil-
dren'® and teenagers in order to redirect the activi-
ties undertaken by upper level professionals toward

other population groups.

When structure and

context matter

In the past, when the disease affected virtually
the entire population, the Keyes’ diagram!” was the
predominant explanation model among scholars.
Due to concentration of the disease burden on a
small proportion of the population, growing inter-
est has been directed to the study of non-biological
determinants and other aspects that transcend the
individual level.

Several studies, using variables relating to
schooling and income of the individual, parents or
family, have shown a higher prevalence and severity
of tooth decay among population groups located in
the lower levels of socioeconomic classes. This as-
sociation has been attributed to a lack of access to
fluoride and the very frequent consumption of sug-
ary foods and drinks to which these groups are ex-
posed,'®” among other reasons.

However, the role of sugar may not be as impor-
tant as it was in the past, before the population was
exposed to multiple sources of fluorides.?° In recent
years, changes have been observed in the social con-
text of eating. The family meal has been replaced
by a more irregular and solitary eating habit. This
habit not only increases consumption frequency but
also confuses food functions. Items that tradition-
ally were part of the main meal and did not repre-
sent a risk to teeth became a snack item that could
turn into a dental health menace.?! The supply and
the consumption of carbonated drinks and juices



are becoming increasingly more frequent.'”® Chang-
es in food contents—a greater offer of products of
varied composition, in which certain ingredients are
not labeled and may even be masked in their gen-
eral composition—may also represent risks to oral
health. This is the case of pure starch-based foods,
compared to those based on a mixture of sugar and
starch,?? considering that the latter composition
may be more cariogenic than the effect of sucrose.?

Studies in the United Kingdom have shown that
water fluoridation may reduce social inequalities in
caries experience, in both deciduous and permanent
teeth.?*% The notion that water fluoridation is an
environmental variable that would not be affected
by the position of individuals in the social struc-
ture or by income and educational levels?® would
require that it be distributed equally, without any
important variation related to consumption sources
or fluid intake frequency in different population
groups; however, this cannot always be ensured.?”
The implementation of public policies may vary
in extent and depth according to the structure of
each country. Because water fluoridation is an oral
health policy, it may express inequalities related to
the implementation of public health policies?® and
works as a marker for sociodental inequalities.?’
One of the reasons for the small impact of salt fluo-
ridation programs in Eastern Europe after the fall
of the Berlin Wall has been the absence of a public
policy to ensure affordable prices in relation to con-
ventional products.3’

In terms of social structure, several studies have
shown the association between dental caries and
income inequality.’33% A plausible explanation
is that high income inequality could be associated
with under-investment in public policy, including
the delivery of health services. Relationships of this
type were investigated in Brazil, and income in-
equality lost significance following adjustments for
a scale of public policies and years of water fluorida-
tion. Public policies explained most of the variation
in missing and decayed teeth.?* In another study on
the effect of a public policy that ensured commu-
nity-based oral health programs, untreated caries
prevalence was higher in municipalities where the
rate per inhabitant of preventive care was lower.%
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Another possible explanation relates to behavior-
al factors. Behaviors such as smoking, dietary hab-
its, physical activity and alcohol consumption could
account for health-related social inequalities. How-
ever, little is known about the role of behavioral fac-
tors in oral-health-related social inequalities. One
hypothesis is that diet (sugar consumption) and oral
hygiene (with fluoridated toothpaste) could change
under stressful situations. Certain occupations or
social positions may lead to conditions like low self-
worth and strain, anxiety, shame, hostility and de-
pression, which could be associated to behavioral
changes and vulnerability of groups and individuals.

In addition to the relationship of income inequal-
ity to under-investment in public policy, there could
be at least two potential pathways to investigate the
psychosocial explanation for income inequality, one
being social capital (e.g. measured as social cohe-
siveness and discrimination), and the other being
stress-induced behavior. The first may bear refer-
ence on a contextual level, and the second, on an
individual level.3

A study assessed the association between fam-
ily affluence as a proxy of socioeconomic status and
oral health-related behaviors in adolescents, includ-
ing such influences as pocket money, type of school,
family structure and psychological factors. The re-
searchers found a linear association with health-en-
hancing behaviors (toothbrushing and dentist visits),
and a roughly U-shaped association with health-
compromising behaviors (current smoking, drinking
soft drinks and eating confectionaries). After adjust-
ing for a number of variables, the linear associa-
tion with health-enhancing behaviors persisted. The
U-shaped association with health-compromising
behaviors remained but was partly attenuated and
flattened. Pocket money and not living with both
parents modified the magnitude of the association
between familiar affluence and oral-health-com-
promising behaviors. The findings indicated that
the health-enhancing behaviors of adolescents were
strongly associated with a proxy of socioeconomic
status, but the health-compromising behaviors were
more strongly linked to factors other than family af-
fluence.?”

Regardless of the situation, the fact is that we
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know little about how factors such as the education
system, peer group, youth culture, part-time work
and advertising contribute to family affluence. Fur-
ther studies are needed to assess characteristics that
interact with family socioeconomic status to better
understand the association between socioeconomic
status and the oral health-compromising behaviors
of adolescents.

Studies need to be directed towards understand-
ing the factors that determine behaviors and the so-
cial context in which behavioral choices are made.
There is a need to move away from the notion that
individual choices are responsible for “bad behav-
ior” and to understand the social factors that in-
fluence behavioral decisions. A social and cultural
perspective regarding behavioral decision-making
is still largely absent from the health inequalities
literature.?® A study was conducted on dental car-
ies that investigated the influence of family socio-
economic trajectories and associated behaviors in
Brazilians aged 15 years old, under the life course
theory. It showed that poverty in early life has an
effect on dental caries, oral behaviors and use of
dental services later on, mitigated only partially by
upward social mobility between childhood and ado-
lescence.?®

Final remarks

Over forty years after the Keyes’ diagram was
formulated, it is now time to advance beyond the
Keyes model,'* according to which the etiology of
caries was thought of as a genuinely biological pro-
cess. In a causal perspective, this approach has rep-
resented a misleading limitation. Family factors and
aspects related to the community context and social
structure have become recognized as important di-
mensions of the dental caries causal complex.3#

Even an improved understanding of the biologi-
cal processes at work on the tooth surface cannot
explain caries occurrence within and between popu-
lations. The etiology of caries in populations pre-
sumably comprises elements from both natural and
social science tradition and theories. Building theo-
ries across these two scientific traditions has proven
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difficult. If at all possible, a theory of caries across
populations should have the potential of bridging
societal, individual and biological elements.*

As Holst® stated, it urges to extend the concept
of causation of caries to comprise also non-biologi-
cal variables that, in a series of steps, ultimately lead
to caries. In light of currently produced knowledge,
determinants and factors more distant than biology
should not be considered as confounders of causal
relationships.

In the early 21% century, a significant bulk of
evidence allows us to assume that social, economic,
cultural, environmental and health-system-related
determinants are part of a web of possible causes
of dental caries. It follows then that understand-
ing these determinants deserves more attention by
researchers, if they search really to understand the
distribution of caries in the population. Although it
may be difficult to separate these determinants, they
are probably not on the same level. The social struc-
ture may comprise aspects related to public policies
of social protection and economic adjustment that
emerge as income inequality and unequal access to
community-based oral health programs and clinical
services. These may, in turn, affect the population’s
social context, such as its neighborhood, local orga-
nizations and family, work or school environment,
which have implications related to individual mate-
rial resources, literacy and behaviors. Moreover, all
of these are related to fluoride exposure, oral hy-
giene and sugar consumption, which will affect the
occurrence of caries and its rate of progression.

However, these determinants are related to each
other on the same level and to other determinants
on different levels, seeing that they may function
reciprocally. For example, reductions in income in-
equality provide public support for increases in sys-
tems that distribute resources in an equitable man-
ner, and the equitable distribution of resources, in
turn, may reduce levels of socioeconomic inequality.
An urgent task facing researchers is to establish the
importance of each determinant and their intercon-
nections with the causal complex of dental caries.
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