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Background. With Dental Caries being the most
common disease amongst children in the world
today, there is a need to fully understand risk fac-
tors that may be related to caries prevalence and
how they could be best addressed.

Aim. The aim of this study was to evaluate soda,
juice, sugared-beverage intake, brushing habits, and
community water source availability as they relate
to the prevalence of both noncavitated and cavi-
tated caries lesions in small rural villages in Mexico.
Design. The International Caries Detection and
Assessment System (ICDAS) was used in children

from small, isolated, villages in Mexico. Risk fac-
tors were assessed via questionnaires.

Results. Caries prevalence in the villages was very
high, ranging from 94.7% to 100% of the
children studied. The mean number of surfaces
with lesions per child (DIMFS + dlmfs) having
scores =1 (noncavitated and cavitated) ranged
from 154 = 11.1 to 26.6 = 15.2. Many of the
children reported drinking beverages containing
sugar.

Conclusions. Drinking sugared beverages, poor
oral hygiene habits, and lack of access to tap
water were identified as risk factor for caries in
this sample of residents of rural Mexico.

Introduction

Dental caries remains the most common dis-
ease of childhood worldwide'?. In the United
States (US), the National Health and Nutrition
Examination Survey (NHANES) from 1999 to
2002 reported that 41% of children aged
2-11 years had dental caries in the primary
dentition, and that 42% of children and ado-
lescents aged 6-19 years had caries in the
permanent dentition'. Dental caries in the US
is no longer a population-wide problem, but
it is endemic to specific population subsets’.
In middle and low-income economy coun-
tries, dental caries is also a highly prevalent
disease often characterized by marked differ-
ences within the same country®. In Mexico,
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caries has been and remains to be a severe
problem®®. To date, there is not a detailed
nationwide assessment of the oral health sta-
tus, but there is little doubt that caries experi-
ence is high in every age group®. Previous
epidemiologic studies have shown that spe-
cific subgroups of the Mexican population are
also disparately affected, with higher dental
caries scores found in rural areas when com-
pared with urban centres®.

Upon analysis of the results of studies char-
acterizing dental caries prevalence, it becomes
clear that although dental caries can affect
any child, the majority is found in low
income and minority children'?. The chal-
lenge to dental health professionals is to iden-
tify these population subsets and deliver
proper preventive and restorative programs'’.

Different factors have been studied for their
potential to be indicators that may aid in the
identification of populations or individuals
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at risk'®. These include sugar consumption,
tooth brushing, and socioeconomic status. In
many areas of the world, sugared-beverage
intake is a primary component of a child’s
total sugar consumption''. The amount and
frequency of sugar consumption between
meals are significantly associated with mean
decayed, missing, and filled teeth (DMFT)"'# !>,
It has been proposed that soda consumption
leads to the rapid initiation and progression
of caries''™'*. Numerous studies have shown
an association between mean DMFT scores
and sugared soda consumption®''™'*. Results
of studies conducted in rural Mexico
have shown that the patterns of beverages’
intake are complex, oftentimes associated
to caries presence and warrant further
study'”.

Not only sugared-beverages intake, but the
overall diet of children today seems to con-
tribute to the oral health and general health
problems seen in our younger population.
Diseases in which diet is clearly identified as
a risk factor, childhood obesity, youth and
adolescent diabetes, and dental caries, are on
the rise in subsets of the population'*'. The
intake of wholesome foods, like milk, has
fallen, whereas soda and other sugared-bever-
age consumption have risen dramatically over
the past 30 years'®2%2%23  This pattern of
increased sugared-beverage consumption has
been described in both rural and urban popu-
lations in high-, middle-, and low-income
economy countries'? >

Considering that differences in risk factors
have been recognized for different popula-
tions and individuals at risk, it seemed appro-
priate to design a study to evaluate those
factors in a specific population. The aim of
this study was to evaluate soda, juice, and
sugared-beverages intake, toothbrushing hab-
its and community water source availability
as they relate to the prevalence of caries in
small, isolated, rural villages in Mexico.

Material and methods

Approval from the institutional review board
(IRB) at Indiana University was obtained.
The villages selected for this study are
located in the municipality of Calnali, in the
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state of Hidalgo, Mexico. The municipality of
Calnali includes 18 villages or towns. The
study was conducted in Calnali because of
the availability of small isolated communities
that were suitable to our study design and
previous collaborations with these communi-
ties. Five isolated rural villages in the munici-
pality of Calnali were chosen as study sites.
The study was conducted in conjunction
with a community service project, where chil-
dren of all ages in the municipalities were
offered dental examination and treatment.

Participant selection

All children of the villages were examined on
a first come, first served basis. If the par-
ent/legal guardian denied consent for the
study, the child was not denied examination
or treatment, but that child’s information is
not included in the study. The child had to
meet the following inclusion criteria: be
between the ages of 2-18 years of age, have
no medical conditions that would contraindi-
cate their receiving a dental examination, and
be a lifetime resident of the village.

Juice and sugared-beverage consumption
questionnaires

A questionnaire was developed to assess the
consumption of different sodas, juices, and
fruit drinks. Prior to development of the ques-
tionnaire, a complete list was compiled of all
beverages sold in local stores of the villages
selected for the study. A draft questionnaire
was developed and pilot tested utilizing focus
groups. The focus groups were administered
the questionnaire and asked to identify prob-
lems with questions or potential difficulties
understanding questions. From their input, a
final version of the questionnaire was devel-
oped. Questions regarding water source and
tooth brushing habits, which were found to be
significant in previous studies, were also
included in the final questionnaire'>. A poster
was available for the parents to reference with
pictures of the different beverages included in
the questionnaire. The questionnaire was
administered to the parent and child partici-
pants by a trained researcher familiar with the
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language and local customs, and who partici-
pated with the development of the questions.

Dental examination

The examiner in this study was a paediatric
dental resident with 4 years of clinical experi-
ence. Prior to the initiation of the study, the
examiner involved in data gathering was
trained to diagnose caries using a novel detec-
tion system, the International Caries Detec-
tion and Assessment System (ICDAS)>*?°.
ICDAS classifies the severity of dental lesions
from the earliest stages of visual demineraliza-
tion to frank cavitations. An ICDAS score O is
used for a sound surface, whereas a score 1
describes the first visual changes in enamel
(seen only after prolonged air drying or
restricted to within the confines of a pit or fis-
sure), and a score 2 is used for distinct visual
changes in enamel. Scores 3-6 describe differ-
ent degrees of cavitation; with score 3 describ-
ing localized enamel breakdown (without
clinical visual signs of dentinal involvement),
score 4 being lesions with an underlying dark
shadow from dentin and score 5 describing
distinct cavitation with visible dentin. Score 6
is used for the most severe lesions with exten-
sive distinct cavitation with visible dentin.

The single examiner in this study was
trained by a senior examiner with extensive
experience in both using the ICDAS system
and in training and calibrating other examin-
ers. Training was provided by a 2-day in vitro
exercise using extracted teeth mounted in
dentoform models. In vivo training consisted
of 2-day examination of 33 subjects. Scores
were compared with those of the senior
examiner, and kappa values were calculated
for inter- and intra-examiner agreement. This
single calibrated examiner performed dental
examinations, and standard infection control
procedures were used for each examination.
Furthermore, each individual designated to
record the data for the examiner underwent
training provided on the method of recording
the data for the ICDAS examination.

The examiner or an assistant brushed the
child’s teeth with a toothbrush and water prior
to the examination. Teeth were dried using a
dental air syringe tip, and the dental examina-

tion was performed using a non-LED headlamp
and a dental mirror. A dental explorer was
available, but its use was restricted to cleaning
debris and feeling the surface of the tooth for
assessment of lesion activity as described by the
ICDAS criteria. The examiner observed the
buccal, lingual, mesial, distal, and occlusal
aspects of each tooth. Changes on tooth sur-
faces related to dental caries were given scores
and recorded based on ICDAS criteria for lesion
severity, lesion activity, and filling status.

Statistical methods

Information from the examinations and sur-
veys was gathered, analysed, and tested for
statistical significance. ICDAS severity scores
were converted to DMFT scores at the cavi-
tated and noncavitated level for statistical
analysis purposes and to better compare our
study to older studies that have used the
DMFT system. DMFT scores were calculated
at the cavitated and noncavitated level.
Decayed, missing, and filled surfaces (D1MES)
counts included both cavitated and noncavi-
tated lesions detected using the ICDAS criteria
and were defined as the count of surfaces in
permanent teeth per subject with either a
lesion score >0, a lesion score indicating a
tooth was missing because of caries, or a fill-
ing code >3; dlmfs was defined similarly for
primary teeth. Separate analyses were con-
ducted for these three outcomes. For each
dentition type, caries was identified by a
count >0. Caries prevalence was compared
between villages by use of Fisher’s exact test.

Survey questions were organized around
collecting information related to consumption
of particular types of beverages. The following
drink categories were included in the ques-
tionnaire: fruit drinks, juice, soft drinks, milk,
coffee, water, and other. Response categories
for questions concerning frequency of daily
consumption were 1 time per day, 1-3 times
per day, 4-6 times per day, and >6 times per
day. Counts in the last three response catego-
ries were sparse, so these categories were
combined to be ‘more than once per day’.
Results for questions about frequency of
consumption between meals and at night
were combined in a similar manner.
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Survey responses were summarized for two
age groups: ages 2—6 and 7-13. Risk indicators
that were considered for modelling were age,
gender, and survey questions about consump-
tion of particular beverages, frequency and
timing of daily consumption and sources of
drinking water. Univariate tests of association
between DFMS and risk indicators were con-
ducted using ANOVA models. Similar models
were used to analyse dlfms. Risk indicators
with P-values of 0.3 or smaller were eligible
for inclusion in a multiple regression model for
the respective outcome. Backwards selection
was used until all variables were significant at
the 0.05 levels. Two-way interactions of main
effects were examined for statistical signifi-
cance at the 0.05 levels. Residual plots were
examined to assess whether the final model
selected upheld model assumptions of normal-
ity of error terms and constant variance.

Results

Out of 188 possible subjects, 162 subjects
completed the questionnaire, provided demo-
graphic data, and received a dental examina-
tion; however, only four of these subjects
were older than 13, so only data on subjects
aged 2-13 were analysed.

Caries prevalence

Demographic and caries data are presented in
Table 1. Prevalence of caries was very high,
ranging from 94.7% to 100% of children in

Table 1. Demographics, caries prevalence, and mean outcomes.
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each village having at least one carious lesion
in either the primary or permanent teeth
(Table 1). Prevalence of caries calculated using
scores 4-6 (cavitated lesions) of the ICDAS
criteria ranged from 58% to 75%. The mean
number of surfaces with lesions per child
(DIMFS + dlmfs) having scores 21 (noncavi-
tated and cavitated) ranged from 15.4 + 11.1
to 26.6 = 15.2 (Table 1). Figures 1 and 2 pres-
ent the distribution of the number of surfaces
with lesions per child (information given
separately for DIMFS and dlmfs) by age
group. The mean number of teeth with obvi-
ous cavitated carious lesions into the dentin
(lesion score 24) per child ranged from 2.42 to
3.27, whereas the number of filled teeth (fill-
ing score 23) ranged from 0.23 to 0.67.
Repeatability of the ICDAS examination scores
was strong with 90.7% agreement between

30
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Mean d1lmfs
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Fig. 1. Mean d1mfs by age group.

Village 1 2 3 4 5 P-value
Children
N 39 28 39 33 19 0.03**
Age (Mean = SD) 75+28 74 +27 87 +28 6.6 +2.7 8.1+ 3.1
Caries prevalence n (%) 39 (100) 28 (100) 37 (94.9) 33 (100) 18 (94.7) 0.17*
Primary dentition caries prevalence 33/34 (97.1) 22/23 (95.7) 26/30 (86.7) 30/30 (100) 14/17 (82.4) 0.05*
n/N (%)
Permanent dentition caries prevalence 33/34 (97.1) 22/24 (91.7) 31/35 (88.6) 18/18 (100) 15/15(100) 0.39*
n/N (%)
D1MFS + d1mfs (mean + SD) 232+ 176 20.4 £ 109 154 £ 11.1 26.6 + 15.2 16.8 £ 17.0 0.01**
D1MFS (mean + SD) 18.6 £ 15.7 16.0 £ 10.6 126 £ 10.6 23.0+ 16.0 13.6 £ 16.9 0.05**
d1mfs (mean + SD) 79 +84 85+73 6.4 +69 10.5+94 59+56 0.315%

*Fisher's exact test.
**ANOVA.
Bold values indicate statistically significant P < 0.05.
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Fig. 2. Mean D1MFS by age group.

original and repeated scores. Weighted kappa
was 0.75, indicating substantial agreement.

Beverage intake

The percentage of children who consumed
different types of beverages is reported in
Table 2. In each village, the majority of chil-
dren reported drinking fruit drinks and juice
at least once a day. Consumption of soda was
reported even more frequently. In contrast,
smaller numbers of children were reported
to drink milk with no sugar added. Large

Table 2. Beverage consumption by age group.

2-6 years N = 63
Number of children
who reported
drinking beverage
at least 1 time per

7-13 years N = 95
Number of children
who reported
drinking beverage
at least 1 time per

Beverages day (%) day (%)
Fruit drinks 43 (68.3) 68 (71.6)
Juice 35 (55.6) 62 (65.3)
Soft drinks 45 (71.4) 79 (83.2)
Milk 59 (93.7) 80 (84.2)
Plain 18 (28.6) 34 (35.8)
Chocolate 9 (14.3) 12 (12.6)
With raw 1(1.6) 3(3.2)
brown sugar
With white 11(17.5) 8 (8.4)
sugar
Coffee 49 (77.8) 80 (84.2)
Black 2 (3.2) 5 (5.3)
With raw 15 (23.8) 30 (31.6)
brown sugar
With white 13 (20.6) 19 (20.0)
sugar
Other 16 (25.4) 32 (33.7)
Water 63 (100) 91 (95.8)

numbers of children also reported drinking
coffee even at an early age, and almost all
children reported drinking water. Of those
children who reported drinking juice or
fruit drinks, the majority reported drinking
it between meals, whereas those children
who reported drinking soda, milk, or coffee
reported doing it during meals. Water con-
sumption was reported to occur between and
during meals. Most children had access to
water (96.8%) either through tap water at
home or through a community water source;
however, a small number of parents/legal
guardians (3.2%) indicated their water source
as something other than a community or
home source (i.e., a water truck that visits
the village once a week).

Hygiene habits

Oral hygiene habits are presented in Table 3.
Parents/legal guardians reported that most
children brush their teeth at least sometime,
with the percentage of children who brushed
their own teeth increasing as the age of the
child increased.

Statistical results

Results of univariate tests are presented in
Table 4. Univariate tests showed that age had a
significant association with ranked DI1FMS.
Age, drinking soda or milk with sugar, the
child brushing his own teeth, and using drink-
ing water from a source classified as bottled
water, filtered water, or some other type of
special drinking water was univariately signifi-
cantly associated with ranked d1mfs score.

Table 3. Oral hygiene by age group.

2-6 years 7-13 years
N =63 N = 95
Oral hygiene n (%)
Parent brushes child’s teeth
Yes 25 (39.7) 16 (16.8)
Sometimes 5(7.9) 10 (10.5)
No 26 (41.3) 52 (54.7)
Child brushes’ own teeth
Yes 31 (49.2) 54 (56.8)
Sometimes 16 (25.4) 23 (24.2)
No 8(12.7) 8 (8.4)
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Table 4. Results of univariate tests of association of risk
factors with D1IMFS and d1mfs.
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Table 5. Results of multiple regression model for d1fms and
D1MFS.

D1FMS d1fms d1fms (7 = 0.24) D1FMS (7 = 0.12)
P-value P-value Std error  P-value  Std error  P-value

Age <0.0001 <0.0001 Age* 1.39 0.0010 1.21 <0.0001
Gender 0.82 0.36 Drinks milk 10.25 0.04
Drink fruit drinks 0.54 0.47 Water source 13.84 0.04
Drink juice 0.92 0.21 is other
Drink soda 0.71 0.04 Child brush teeth
Drink milk with sugar 0.99 0.02 No 10.38 0.27
Drink coffee 0.66 0.11 Sometimes 7.44 0.007
Drinking water from house faucet 0.55 0.07
Drinking water from outside faucet 0.19 0.21 *Centred at 7.2 years for d1mfs and at 8.5 years for D1MFS.
Drinking water from town faucet/well 0.33 0.49
Drinking water from large container of 0.14 0.77

ol vl of surfaces with caries in permanent teeth sig-
Drinking water from other source 0.64 0.01 . . . ,
Parent brushes childs teeth 016 014 nificantly increased as the children’s ages
Child brushes own teeth 0.95 0.006 increased (older children had more surfaces
Frequency of drinking fruit drinks 0.61 0.51 with caries than younger children). The mul-
Frequency of drinking juice 0.70 0.24 tiple regression model for ranked dlmfs score
Frequency of drinking soda 0.83 0.43 T
Time of day drinking fruit drinks 0.82 0.24 showed that mean ranked d1mfs score signifi-
Time of day drinking juice 0.90 0.16 cantly decreased as the ages of the children
T!me of day dr!nk!ng so'da 0.92 0.80 increased.
Time of day drinking milk 0.97 0.15
Time of day drinking coffee 0.92 0.19
Time of day drinking water 0.55 0.22

For d1mfs, if the child drank milk with sugar,
then the number of surfaces with caries
increased. There was a difference in the num-
ber of surfaces with caries between children
who did and did not brush their own teeth;
the children who brushed their own teeth hav-
ing higher caries rates. However, the children
whose parents said that they less frequently
(sometimes) brushed their own teeth did not
have significantly higher numbers of surfaces
with caries in their primary teeth than did the
children whose parents responded that their
children frequently brushed their own teeth. If
the child obtained their drinking water from a
source classified as bottled drinking water and
filtered drinking water, then the number of
surfaces in their primary teeth with caries was
significantly fewer.

Results for the multiple regression models
are presented in Table 5. The multiple regres-
sion model for ranked D1IMEFS score showed
that as age increased, mean rank DIMFS
score increased. Although not statistically sig-
nificant, children in villages 3 and 5 had the
oldest mean age. In other words, the number

© 2011 The Authors

Discussion

Caries prevalence was extremely high in our
study, at a mean 97.0% and ranging from
94.7% in village 5-100%. In villages 1, 2,
and 4, almost every child we saw presented
with caries. The prevalence results of our
study are very similar to those of another
study using ICDAS methods and conducted in
the same rural areas in Mexico'”.

Previous studies conducted in rural areas of
Mexico have noted caries prevalence between
43% and 91%*%”; however, comparisons of
prevalence should be made with caution
because of utilization of different indices.
Other studies recording noncavitated lesions
have shown a greater number of lesions
detected than would be expected by traditional
DMEF examination®®2’. Therefore, it is not sur-
prising that caries prevalence found in this
study was higher than previously reported.

ICDAS includes incipient lesions; therefore,
it can give a more accurate picture of a
patient’s caries status. Previous methods of
recording caries only at the level of cavitation
have been deemed outmoded®*?°. The impor-
tance of including initial caries lesions in the
total caries score has been stressed in a num-
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ber of recent studies*®?°. Also, the recom-

mendation has been made to perform exam-
inations on dry, clean teeth, which for this
study implied that the dental examiner
brushed each child’s teeth prior to examina-
tion. Cotton roll isolation was used along
with air drying to achieve optimal exami-
nation conditions, which allowed accurate
estimation of caries even at the early noncav-
itated stages. Data on repeatability for ICDAS
have shown substantial to very good repeat-
ability (weighted kappa 0.7-0.9)*>°°. The
repeatability in this study was good.

As noted earlier, ICDAS scores were con-
verted to DMFT for the specific purpose of
comparing our study to older prevalence stud-
ies. The estimation of prevalence calculated
only using scores 4-6 (cavitated lesions) of
the ICDAS criteria ranged from 58% to 75%
and is closer to that reported by previous
studies conducted in Mexico, where preva-
lence ranged from 43% to 91%%%7. In this
study, the mean number of teeth with cavi-
tated lesions (lesion score >4) or filled (filling
score >3) per children ranged from 2.65 to
3.94 and is comparable to previous studies in
Mexico which have shown the DMFT to be
4.39*. The very low percentage of restored
teeth per subject indicates a lack of access to
oral health care among all five villages.

Our analysis evaluated specific risk indica-
tors to correlate the caries prevalence with
these risk indicators reported by the partici-
pants. Indicators that had a significant effect
on the mean DIMFS or dlmfs scores were
used to provide some insight on the aetiologi-
cal factors associated with the high caries
prevalence observed in this population.

These results showed that drinking soda,
milk with sugar, drinking water from a source
classified as bottled water, filtered water or
some other type of special drinking water, and
the child brushing his own teeth were univari-
ately significant with caries in the primary
dentition (d1mfs scores). Previous studies have
shown significant associations between soda
consumption and increased caries risk'* %>, It
is worth noting that no significant associations
were established between our D1IMFS scores
and soda intake. The vast majority of our chil-
dren ages 7-13 reported drinking soda, fruit

drinks, or juice, and those results along with
the high prevalence of caries complicated
establishing statistical significance. This study
does support the results of those studies that
have shown that the majority of children now-
adays drink some sort of beverage containing
sugar. Furthermore, in this study, we found
that even when the children reported drinking
milk, approximately half of those added sugar
or a sugar-containing chocolate powder to
their milk. The significance of this finding is
indicated by the fact that those children who
drank milk with sugar in our study had a larger
number of surfaces with caries.

In this study, obtaining water from a source
classified as bottled water, filtered water, or
some other type of special drinking water was
associated with decreased caries prevalence.
This is in agreement with previous results
from our group in these communities'’. In
our study, we did not collect water samples
to analyse them for fluoride. Previous studies
in this community have indicated that the
fluoride content of bottled water varies
widely from negligible to above optimal,
whereas tap water in this community con-
tains negligible amounts of fluoride'>>".

The child brushing his/her own teeth was a
third indicator that showed association to car-
ies. In all five villages, many of children did
not have help with tooth brushing (25/63 for
2-6 year olds), but those who did had a
decreased number of carious lesions in their
primary dentition.

Further studies are needed to evaluate the
specific risk indicators identified in this study
as significantly associated with dental caries.
Such studies would include evaluating water
for fluoride content longitudinally, as well as
a diet survey that evaluated the consumption
of fermentable carbohydrates over a 3- to
4-day period. Also, studies are needed to fur-
ther investigate the relationship between
drinking soda, fruit drinks, and juice and car-
ies prevalence in the permanent dentition.

There are limitations inherent to our study
design that warrants consideration, including
the use of a cross-sectional study to evaluate
caries risk indicators and the reliability of
our beverage intake questionnaire. Another
limitation is the small number of children
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included in the study that reported not drink-
ing some type of sugared beverages.

The task for public health care officials and
dental practitioners is to identify the popula-
tions that are most at risk for dental decay.
Understanding risk factors associated with
caries is most important so that we can focus
on our preventive and treatment methods to
those populations at greatest risk. In doing
this, we aim to minimize the morbidity asso-
ciated with dental caries. It has been previ-
ously proposed that because dental caries no
longer uniformly distributed throughout the
population as it once was historically, risk
assessment needs to be performed and pre-
ventive measures need to be aimed at those
populations with the highest risk”.

What this paper adds

e Our results indicated that caries prevalence was associ-
ated with some caries risk indicators, specifically
drinking soda, and unsupervised brushing.

e QOur results indicated that caries prevalence was very
high in these rural villages in Mexico.

e Further studies are needed to investigate the relation-
ship between drinking soda, fruit drinks, juice, and
milk with sugar and caries prevalence in permanent
teeth.

Why this paper is important to paediatric dentists
e Understanding general risk factors and how they are
associated with caries prevalence will help the practi-
tioner identify those patients that are most at risk.
Questioning parents/legal guardians about their chil-
dren’s exposure to specific risk indicators associated
with caries in this study, such as the specific sodas
consumed in their community, may aid in identifying
children who are at greatest risk for dental caries.
e The high caries prevalence noted in this population
indicates that there still is a great need for comprehen-
sive public health dental programs.
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