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ABSTRACT

Objectives: There is evidence of association between systemic diseases and oral conditions, al-
though it is not clear if these are direct or mediated by underlying factors such as health behaviors.
The aim of this work was to evaluate whether self-reported systemic diseases were associated with
caries experience.

Methods: Medical history data and caries experience (DMFT and DMFS; Decayed, Missing due to
caries, Filled Teeth/Surface) were obtained from the University of Pittsburgh School of Dental Medi-
cine Dental Registry and DNA Repository. Information on 318 subjects (175 females and 143 males)
was evaluated. Regression analysis was used to test for association between caries experience and
disease status.

Results: The stronger associations were found between caries experience and asthma and epi-
lepsy. With respect to asthma, DMFT above 15 (R? = 0.04) and DMFS above 50 (R? = 0.02) were as-
sociated. After controlling for gender differences in asthma, the associations remained strong (R?
= 0.05 for both DMFT and DMFS). For epilepsy, DMFT above 15 (R? = 0.18) and DMFS above 50 (R? =
0.14) were associated.

Conclusions: Asthma and epilepsy are associated with higher caries experience. (Eur J Dent
2009;3:297-303)
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non-traditional sources of dental care, such as
physician offices, other medical settings, and the
hospital emergency room, have been alternative
options.> On the other hand, according to a cross-
sectional, random digit telephone survey which
was sponsored by the CDC and all U.S. states and
territories in 2003,°although periodic medical ex-
aminations of healthy individuals aiming to foster
patients’ good health is proposed,” only 2.6% of
97,001 healthy adults reported have received pri-
mary prevention.

Whereas issues related to access to care need
to be addressed, dentistry has an important role
in promoting the overall health. While physicians
are missing opportunities to provide primary pre-
vention, the promotion of oral health has been
suggested as a way to promote systemic health,
since there is a possible role of oral infections as
a risk factor for systemic disease. Caries remains
the most prevalent non-transmissible infectious
disease in the U.S. and in the rest of the world.®
Research on the relationship between caries and
systemic diseases has provided evidence that car-
ies may be associated with cardiovascular diseas-
es,’” esophageal cancer,' and asthma.™

A better understanding of the possible rela-
tionships between caries experience and systemic
diseases may provide new insight on the influ-
ences of oral health on systemic health. Our goal
was to study a high risk population to investigate
if caries experience indicators are associated with
concomitant systemic disease.

MATERIALS AND METHODS

All subjects were participants in the Dental
Registry and DNA Repository (DRDR) of the Uni-
versity of Pittsburgh School of Dental Medicine.
Starting in September of 2006, all individuals that
seek treatment at the University of Pittsburgh
School of Dental Medicine have been invited to be
part of the registry. These individuals give written
informed consent authorizing the extraction of in-
formation from their dental records. This project
is approved by the University of Pittsburgh Institu-
tional Review Board. In December 2007, data from
318 individuals with good data completion was ex-
tracted from the registry for this project.

Statistical methods
For preliminary analysis, we used analysis of
variance (ANOVA) and student t-tests to inves-

tigate gender and ethnicity differences in caries
experiences. Simple chi-square tests were used
to investigate gender and ethnicity differences in
each of the possible diseases (asthma, epilepsy,
diabetes, cardiovascular disease (CVD), infections,
medication uptake and tobacco use). We used
logistic regression analysis to investigate main-
effect models to predict disease status (diseases
included: asthma, diabetes, epilepsy, CVD]. The
main effects-confounders included age, gender,
ethnicity, tobacco usage, concomitant infections
and medication intake. Interactions between the
main effects were also completed. Model selec-
tion was determined largely by the adjusted R?
statistic that calculates the variance explained by
the main effects and their interactions. For the
purposes of teasing out ethnic differences, the lo-
gistic regression was carried out on those 292 pa-
tients reported as Caucasian or African-American.
The best-fitting models were determined for the
systemic diseases incorporating association with
caries experience by the following formula: Dis-
ease=a +B*X +B*X, + ... +B X + [31*Xi*Xj + .
+ B where Xn are the main effects/confounders.

RESULTS

Details of the population studied are presented
in Table 1. The mean age of patients was 41.7 years
with ages ranging from 17 to 84 years. The mean
DMFT (Decayed, Missing teeth due to caries, Filled
Teeth) score was 15.35 and ranged from 0 to 28.
The mean DMFS (Decayed, Missing teeth due to
caries, Filled Surface of a tooth) score was 49.25
and ranged from 0 to 128. Only 18 individuals (6%])
were caries free. African Americans showed a non
significant slightly higher caries experience than
Caucasians. There were no significant effects of
ethnicity on DMFS or DMFT (ANOVA P=0.32). Gen-
der differences were observed in asthma (P=0.04)
with more females with asthma than expected
and in concomitant infections (P=0.02) with more
males with infections than expected. All other
gender difference analyses had P-values > 0.28.

Our logistic regression results are summa-
rized on Table 2, which shows univariate models,
and Table 3, which shows the best multivariate
models. DMFT, DMFS and age were centered at
their mean values (15 for DMFT, 50 for DMFS and
43 years for age). Caries experience was associ-
ated with asthma (DMFT with R2=0.04, P=0.01 and
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DMFS with R?=0.02, P=0.008). Asthma was associ-
ated with females (R%=0.02; P=0.04). Since asthma
showed gender effects in this population, we con-
trolled for gender to achieve a more parsimonious
model resulting in DMFT with R?=0.052, P=0.01 and
DMFS with R2=0.046, P=0.01. Asthma showed no
medication intake effects (with R%=0.004, P=0.41).
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ence (DMFT with R?=0.18, P=0.001, and DMFS
with R?=0.14, P=0.0008). Independently, medica-
tion intake (Rx) was also associated with epilepsy.
In controlling for medication, DMFS and DMFT
were still associated with epilepsy: the model with
DMFT and Rx had R?=0.20 with P=0.003 for the pa-
rameter estimate for DMFT but P=0.19 for the pa-

Epilepsy was also associated with caries experi- rameter estimate for Rx and the model with DMFS

Table 1. The study population of 318 individuals.

Age’ [years) Caries Females (n) Males (n) Smokers (n) Non-smokers (n)
n Average/ DMFT/ DMFT/ DMFT/ DMFT/ DMFT/
Range DMFS DMFS DMFS DMFS DMFS
Whole population (311) (318) (175) (143) (84) (234)
318 41.7/17-84  15.35/49.25 15.29/49.42  15.42/ 49.05 18.57/ 61.40 14.30/ 45.59
Ethnicity
Caucasian 246 42.54/17-83  15.60/49.41 14.96/47.49 16.39/51.77 19.51/64.52 14.13/43.75
African American 46 46.7/19-84 16.24/55.93 18.19/64.67 13.47/43.53 13.67/42.73 17.48/62.32
Other/Unknown? 26 38.5/22-73 12.4/42.27 13.75/43.67 11.29/41.07 24.00/97.00 11.46/37.71
Asthma 48 43.31/18-84  18.33/60.25 18.79/61.88 17.33/56.67 9.11/47.09 7.66/37.10
CcvD? 108  53.73/18-84  18.41/65.91 19.74/71.36 16.86/59.58 20.29/75.96 17.87/63.04
Diabetes 20 57.05/18-84  19.55/70.70 19.55/69.36 19.56/72.33 18.50/79.50 19.67/69.72
Epilepsy* 13 48.23/24-68  23.69/87.23  22.33/81.00 24.86/92.57 24.50/91.75 23.33/85.22
Infections 20 47.90/27-72  19.55/71.40  19.00/76.17 19.79/69.36 19.57/61.86 19.54/76.54
Medications 144 49.79/18-84  18.15/61.88 7.84/37.77 6.26/32.07 20.86/73.81 17.25/57.91

' 7 individuals did not have age recorded: 4 tobacco users (2 male), 2 CVD (1 male), 3 Medications (1 male), none
reported asthma, diabetes, epilepsy or infections

2 Other ethnicities reported: Asian (10), Native American(1), Hispanic (2], India/Middle East (9], Unknown(4)

3 Cardiovascular diseases (CVD) include coronary heart disease, hypertension, stroke, and congenital anomalies.
41 unknown

Table 2. Univariate modeling of diseases: Using single effects.

Models Effects in the Model Asthma Diabetes Epilepsy cvo
Adjusted R? P Adjusted R? P Adjusted R? P Adjusted R? P
Age 0.0002 0.83 0.11* 0.0005 0.01 0.26 0.26 0.00001
Gender 0.02 0.04 0.0 0.99 0.005 0.52 0.005 0.73
w Ethnicity? 0.019 0.09 0.02 0.15 0.03 0.64 0.005 0.27
§ Medication Intake (Rx) 0.006 0.30 0.12 0.001 0.06 0.03 0.12 0.00001
g Smoking 0.01 0.51 0.03 0.10 0.02 0.70 0.006 0.23
Concomitant Infection' 0.008 0.21 0.04 0.48 0.02 0.19 0.02 0.05
DMFT (above a score of 15) 0.04 0.01 0.05 0.03 0.18 0.001 0.09 0.07
DMFS (above a score of 50) 0.02 0.008 0.05 0.01 0.14 0.0008 0.13 0.09

' Concomitant Infections include AIDS/HIV, hepatitis, tuberculosis, or recurrent sinus infections
2 Ethnicity includes Caucasians and African-Americans
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and Rx had R?=0.17 with the parameter estimate
P=0.19. Caries experience does not appear to be
associated with cardiovascular diseases and dia-
betes. The models for diabetes showed only age,
ethnicity and medication intake to be associated.
Similarly, CVD showed only age and medication
intake associations.

DISCUSSION

Here we report analysis of a high risk popu-
lation for oral and systemic diseases from Pitts-
burgh and provide data that supports an asso-
ciation between caries experience and specific
systemic diseases, namely asthma and epilepsy.
Pittsburgh is the largest city in the Appalachian
region of the United States, and one of the poor-
est in the country. Pittsburgh has had fluoridated
water since 1953, however, nearly half of the chil-
dren in Pittsburgh between six and eight have had
cavities according to a 2002 State Department of
Health report.’? More than 70% of 15-year-olds
in the city have had cavities, the highest percent-
age in the state. Close to 30% of the city’s children
have untreated cavities. That is more than double
the state average of 14%.

Medication intake is also shown to influence
caries experience and can be viewed as an indica-
tor of access to health care and overall wellbeing.
In our population, 48% of those 48 individuals with
asthma and 34% of those 108 with CVD were not
on prescription medications. Only 23% of the 13
epileptics and only 15% of the 20 diabetics were
not receiving medication.

There were no significant ethnic differences
in those without medication (P>.20 for those with
diabetes, CVD, epilepsy and asthmal.

Asthma is one of the most common chronic
medical ailments in children and its frequency has
steadily increased in the last two decades.”™' A
number of studies have investigated oral health in
individuals with asthma, but the results are con-
flicting. Whereas several studies suggested asth-
matic children have higher indexes of caries, %2
some studies did not find this same correlation.?%
Individuals with asthma appear to accumulate
higher amounts of dental biofilm, as well as pres-
ent with higher salivary levels of mutans strepto-
cocci.??B, agonists cause decreased saliva secre-
tion rate and patients taking these medications

Table 3. Modeling of diseases: Using multiple effects and interactions.

Parameter estimates () with their p-values & OR

Disease Effects in the Model Adjusted R? B estimate P OR (95%Cl)
Gender + T +0.7749 0.03 2.2 (1.1,4.3)
DMFT ' +0.0493 0.02 1.05(1.01,1.1)
Asthma Gender + 0.05 +0.7484 0.03 2.1(1.1,4.2)
DMFS ' +0.0076 0.08 1.01(0.99,1.1)
Age + 0.18 +0.0498 0.001 1.1(1.02,1.1)
Ethnicity ' +1.3760 0.008 3.9 (1.4,10.9)
Age + +0.0380 0.02 1.04(1.01,1.1)
Ethnicity + 0.23 +1.4298 0.007 4.2 (1.48,11.8)
Rx ' +1.4536 0.03 4.3(1.1,16.2)
Age + +0.0812 0.07 1.1(0.99,1.2)
Ethnicity + +0.4108 0.66 1.5(0.2,9.4)
Diabetes RX + +2.2810 0.03 9.8(1.2,79.2)
Age*Ethnicity + 0.28 -0.0739 0.12 0.9 (0.8, 1.02)
Age* Rx +0.0695 0.1 1.072(0.9,1.2)
DMFT + 0.20 +0.1888 0.003 1.2 (1.1, 1.4)
Rx ' +0.8920 0.19 2.4 (0.6, 9.4)
. DMFS + +0.0262 0.002 1.02 (1.009,1.04)
Epilepsy 0.17
Rx +0.9343 0.17 2.5(0.7,9.8)
Age + +0.0519 <0.0001 1.05 (1.03,1.07)
CvD 0.28
Rx +0.7288 0.01 2.1(1.2,3.7)
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have increased levels of lactobacilli and mutans
streptococci.”™ Although it is possible that medi-
cation intake increases susceptibility for caries,
our data does not suggest that medications are
associated with higher caries experience in asth-
matics. Genes in the immune signaling pathway
are differentially expressed in asthmatic individu-
als® and could underlie the association between
asthma and high caries experience. One of these
genes is CD-14, which is described as a classical
example of gene-environment interactive factor in
asthma.?’ Variation in CD-14 has been also associ-
ated with resistance to abscess or fistula forma-
tion in children with four or more caries lesions.®
Immune response regulators may be the com-
mon factors that underlie the association between
asthma and caries.

Asthma is unlikely to be a single disease but
rather a series of complex, overlapping individual
diseases or phenotypes, each defined by its unique
interaction between genetic and environmen-
tal factors. These conditions include syndromes
characterized by allergen-exacerbated, non-al-
lergic, and aspirin-exacerbated factors along with
syndromes best distinguished by their pathologic
findings (eosinophilic, neutrophilic, pauci-granu-
locytic), response to therapy (corticosteroid resis-
tant), and natural history (remodeling prone).?' The
data available for this study is from self-reported
medical history and none of the detailed descrip-
tions listed above were available. Allergic sensiti-
zation can be detected by a positive skin test re-
sult to at least one common allergen in 93.5% of
cases with severe asthma.®? Non-allergic asthma
has a more likely onset during adulthood, female
predominance, and a higher degree of severity.®
This is interesting since our results suggest that
asthmatic females have a slightly higher car-
ies experience (asthmatic females DMFT=18.79
versus asthmatic males DMFT=17.33) although
in our study females in general did not (female
DMFT=15.29 versus males DMFT=15.42). Females
in general have higher caries experience,* and
caries contributing genetics factors in the X chro-
mosome have been suggested by our group.®%’
Our future investigations aim to identify the ge-
netic factors contributing to caries and how they
modulate disease.

Our work also suggests epileptic individuals
have a higher caries experience. A Finnish study
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with 60 females ages 8-18 years and matched
controls suggested that caries lesions would be
present sooner after eruption of upper first and
second molars, and central incisors of epileptic
girls.® The authors speculated that factors relat-
ed to epilepsy, in particular its medication, might
increase the risk of caries. However, a previous
study compared two groups of epileptic children
8-14 years, one being treated with sodium valpro-
ate for one to four years and the other recently di-
agnosed and had never received the drug. No dif-
ferences in caries prevalence, oral hygiene state,
salivary secretion rate, salivary buffer capacity,
and lactobacillus count was found.*” Further in-
vestigations are warranted aiming to understand
the possible relationship between caries experi-
ence and epilepsy.

With respect to cardiovascular diseases, our
results are in agreement with recent work that
suggests that caries and cardiovascular diseases
are mostly explained by confounding factors.” In
our data, age above 43 years is the best indicator
of cardiovascular diseases, a result that is obvi-
ously expected. A link between active root caries
and cardiac arrhythmias may exist in individuals
older than 80 years’ but our study is not enriched
by individuals that old and this possible association
would be easily missed by us. Similarly, diabetes
is associated with older age.*! Our data does not
suggest that cardiovascular diseases and diabetes
are associated with higher caries experience.

This study has several weaknesses that de-
serve consideration. Caries data was extracted
from clinical patient records and, although we
can assume a good level of standardization in the
description of the presence of caries lesions, fill-
ings, and extracted teeth due to the fact that the
records belong to the same educational institution
that follows a single philosophy, still the data can
be influenced by variation in the way caries is de-
scribed. The definitions of systemic diseases we
used, although in general are comprehensive, are
based on self-reported information, and may lack,
in some instances, precision. Regarding the DMFT
and DMFS scores, one can argue that they may be
inflated in adults by the inherent deficiencies of
restorative materials and techniques. In addition,
failed fillings are relatively common and replaced
with larger ones encroaching on more surfaces.
Common periodontal and prosthetic reasons for
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tooth removal, and simple economic choices also
can inflate caries scores. Although, we considered
these factors when extracting the caries data, the
data could still have been influenced by these vari-
ables. We did additional modeling just using the
number of decayed teeth and the results did not
considerable change (data not shown), which may
partially suggest that the caries experience data
we are using is not heavily influenced by the vari-
ables just described above. Caries incidence rates
and years of systemic disease experience would
have been more desirable measures but this kind
of data was not possible to be extrapolated from
the majority of individuals studied.

Although our study is based on self-reported
medical history, and therefore cannot access in
more detail the specific types of the conditions the
subject reported, we had the advantage of study-
ing a group at higher risk for systemic diseases
and with very high caries experience. This factor
likely decreased heterogeneity and improved our
ability to find associations. In summary, we report
here that asthma and epilepsy are associated with
high caries experience in adults. These results are
significant because they suggest that individuals
suffering from asthma or epilepsy should receive
more individualized attention regarding caries
prevention.

CONCLUSIONS

e Asthma is associated with higher caries ex-
perience, particularly in females.

e Epilepsy is associated with higher caries ex-
perience.

e Caries experience appears to not increase in
individuals with cardiovascular diseases or diabe-
tes.
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