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Abstract

Objective—This study was designed to evaluate the relationship of age, gender, ethnicity and
salivary flow rates on dental caries in an adult population using data collected from the Oral
Health San Antonio Longitudinal Study of Aging (OH:SALSA).

Background—Saliva is essential to maintain a healthy oral environment and diminished output
can result in dental caries. Although gender and age play a role in the quantity of saliva, little is
known about the interaction of age, gender and ethnicity on dental caries and salivary flow rates.

Materials and Methods—Data from the 1,147 participants in the OH: SALSA was analyzed.
The dependent variables were the number of teeth with untreated coronal caries, number of teeth
with root caries, and the number of coronal and root surfaces with untreated caries. The
independent variables were stimulated and unstimulated glandular salivary flow rates along with
the age, sex, and ethnicity (e.g. European or Mexican ancestry) of the participants.

Results—Coronal caries experience was greater in younger participants while root surface caries
experience was greater in the older participants. Coronal caries was lower in the older age groups
while the root caries experience increased. Men had a statistically significant (p<0.02) higher
experience of root caries than women. Values for unstimulated and stimulated parotid salivary
flow rates showed no age difference and remained constant with age, whereas the age differences
in the unstimulated and stimulated submandibular/sublingual salivary flow rates were significant.
The mean number of teeth with coronal and root caries was higher in Mexican-Americans than in
European-Americans.
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Conclusions—Over one-fourth of the adults between the ages of 60 and 79 have untreated root
caries over one-third having untreated coronal caries. Lower salivary flow rates play a significant
role in the both the number of teeth and the number of surfaces developing caries in these adults.
Women and individuals of European-American ancestry experience less caries.
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Introduction

In the United States, improvements in oral health care, such as community water
fluoridation, advanced technology, and better oral hygiene have resulted in a large
proportion of the adult population retaining some or all of their teeth [1, 2]. Despite these
improvements, our geriatric population is still at risk for dental caries, periodontitis, benign
mucosal lesions, and oral cancer [3, 4]. Dental caries is the most prevalent oral disease in
this age group and can lead to tooth loss and eventually edentulous [5]. Being edentulous
negatively affects the quality of life is affected; complete denture wearers have reduced
masticatory function compared to dentate persons [6]. The number of teeth in participants of
the Baltimore Longitudinal Study of Aging, the number of teeth that an individual had was
found to be a significant and independent risk indicator for early mortality [7].

Saliva is essential to maintain oral health. Lowered saliva flow can lead to speech
dysfunction and difficulty in swallowing as well as mucosal infections and rampant dental
caries [8, 9, 10]. Protection against dental caries is dependent on both salivary quantity and
composition of the secretions [10, 11] with the former being the strongest [10, 11]; the
quantity of saliva is the stronger risk indicator for dental caries [12].

Age-related changes in salivary gland morphology and salivary composition have been
reported in healthy individuals. With increasing age, the parenchyma of the salivary glands
is gradually replaced by adipose and fibrovascular tissue, and the acini become atrophied
reducing salivary volume [13]. Likewise, changes in salivary components (e.g., enzymes or
antibodies) have been reported with aging [14-16]. Results from studies looking at the
relationship between age and salivary flow rates are mixed: some show an effect [17, 18]
while others show no alterations [19, 20].

Saliva is produced in several glands: the major salivary glands (parotid, submandibular and
sublingual) and the minor salivary glands located in the oral tissues’ submucosa. In the past,
whole saliva (i.e., salvia combined from all glands) has been used when studying the
relationship between salivary flow and dental caries. However, for therapeutic tissue
targeting, it may be important to identify the role specific glands play in dental caries.

The purpose of this study was to evaluate the role of flow rates from the individual major
salivary glands in the development of dental caries taking into consideration age, gender and
ethnicity.
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Material and Methods

Study Subjects

Residents from San Antonio, Texas, were randomly selected and enrolled in a cross-
sectional assessment of the oral health of adults called Oral Health: San Antonio
Longitudinal Study of Aging (OH: SALSA). Questionnaires were used to obtain
sociodemographic characteristics, general health, ethnicity, and oral and general health
behavior data. Age was uniformly distributed. A total of 1,147 subjects were enrolled for
dental screening. Participants with fewer than six anterior teeth or fewer than eight posterior
teeth were excluded from the study. These exclusion criteria applied to 267 individuals
leaving 880 subjects who were divided into the following age groups (36-49 years, 50-59
years, 60-69 years, and 70-79 years). Separate data analysis was conducted for each age
group.

Caries Evaluation

Clinical oral evaluations were performed to measure both coronal caries and root caries.
Clinical examinations were carried out by dentists and recorders who had previously
participated in a training and standardization course developed by the National Institute for
Dental and Cranial Research in 1990. Outcome measures were the number of teeth with
untreated crown caries, the number of roots with untreated coronal caries, the number of
teeth with untreated root caries, the number of coronal surfaces with untreated caries, and
the number of root surfaces with untreated caries.

Saliva Flow Rate Measurements

Saliva was collected from all major salivary glands, and defined as follows: unstimulated
(UP) and stimulated (SP) parotid saliva, unstimulated (US) and stimulated (SS)
submandibular and sublingual saliva. Twelve hours prior to saliva collection, subjects were
not allowed to consume food or beverages, chew gum, smoke, brush their teeth or use
mouthwash. Although fasting may reduce salivary flow rates, this protocol was maintained
to standardize measurements. All saliva was collected between 7-9 A.M. to maintain diurnal
consistency. Unstimulated saliva was collected prior to stimulated saliva. To stimulate
saliva, a 2% citrate acid solution was applied on the top dorsal side of the tongue. The
sample gathered during the first two minutes was discarded to allow a stable flow of
stimulated saliva to be established. Unstimulated and stimulated saliva samples were
collected for 5 minutes from each gland source. Flow rate was calculated from the saliva
volume over time. Parotid saliva was collected using a specialized Carlson-Crittenden cup
placed over Stenson's duct located on the cheek adjacent to the maxillary second molar. A
modified mini-suction system was used to collect submandibular/sublingual saliva from the
opening of the common duct shared by the submandibular and sublingual glands which is
located under the tongue. Stenson's duct was blocked with gauze to prevent parotid saliva
from contaminating submandibular/sublingual saliva.

To preserve sample size, an assumption was made that the inability to measure UP, when SP
was successfully measured, indicated that the parotid gland had no detectable flow without
stimulation and the UP flow rate was defined as “0”. This represented 69.8% of the subjects.
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Among the 880 subjects with sufficient dentition, only 763 had a complete set of glandular
salivary flow data. Therefore, the final sample size was 763 subjects.

Statistical Analysis

Results

The dependent variables were the number of teeth and number of surfaces with untreated
coronal and root caries. Independent variables included demographic characteristics
including age, sex (Female=1, Male=0) and ethnicity (European ancestry=1, Mexican
ancestry=0); and the stimulated and unstimulated flow rates from the major salivary glands.
Due to over dispersion evidenced by variances that were consistently larger than means, the
count measures (i.e., number of teeth with untreated coronal or root caries and the number of
teeth and tooth surfaces with untreated coronal or root caries) were assumed to conform to
the negative binomial distribution rather than the Poisson distribution. Generalized linear
models based on the negative binomial distribution were performed to predict each caries
measure separately with each flow rate separately as a continuous covariate after adjusting
for gender, ethnicity, and the gender by ethnicity interaction. Results were considered
statistical significance for with  coefficients with p<0.05. If the beta coefficient for a flow
rate was less than 0, then the flow rate was assumed to be inversely associated with caries
such that higher salivary flow was considered protective against caries. Multiple flow rates
were not included as continuous covariates in the generalized linear models because the four
flow rates were significantly correlated. A total of 16 generalized linear models were
performed for each age group. Since UP measures were imprecise, findings that were
significant for UP and non-significant for SP were reported as inconclusive. The statistical
analyses were performed using IBM SPSS ® 18.0 software (IBM Inc., Chicago, IL).

Of the 763 subjects included for analysis, 54% were female and 57.7% had a Mexican-
American ancestry (Table 1). The number of subjects in each age group was similar except
for the 70-79 age group which had fewer participants. For the overall sample, 38.8% had
coronal caries and 20.3% had root caries. Root caries experience and the mean number of
teeth affected with root caries was higher with increasing age (Table 1). Whereas, the root
caries experience doubled (12.7% to 28.7%), the number of affected teeth as well as the
number of carious tooth surfaces increased approximately four-fold. This pattern is reversed
for coronal caries. The presence of coronal caries was lower (44.4% vs. 37.3%) with
increasing age and the number of teeth affected by coronal caries decreased by one-third
(1.48 teeth vs. 0.96 teeth). The number of surfaces affected by coronal caries was lower in
the 36-49 and 50-59 age group (p<0.002); and was higher in the 50-59 and 60-69 age groups
(p<0.04).

Additionally, females had a statistically significant (p<0.02) lower experience of untreated
root caries than males. Subjects with European ancestry (EA) had a statistically significant
(p<0.001) lower root caries experience than subjects with Mexican ancestry (MA).

Figure 1 show that both stimulated and unstimulated submandibular/sublingual saliva flow
rates decreased with age while stimulated and unstimulated parotid saliva flow rates showed
no changes with age. An analysis relating flow rates to caries was undertaken. The results
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from 16 generalized linear models are shown in Tables 2. For the 36-49 age group, all flow
rates (i.e., UP, SP, US, and SS) were found to be inversely associated with both the number
of teeth (p<0.02) and number of surfaces (p<0.03) with untreated coronal caries. For
untreated root caries, this relationship however, was not seen with the exception of an
inverse association between unstimulated parotid flow rate (UP) and the number of
untreated carious root surfaces (p<02). For the 50-59 age group, no significant associations
between flow rates and caries measures were observed except for stimulated parotid (SP)
and the number of untreated carious root surfaces (p<0.02). Within the older age groups,
there were more significant relationships observed between flow rates and untreated caries.

In the 60-69 age group, both the SP and stimulated submandibular/sublingual (SS) were
significantly inversely associated with the number of teeth with coronal caries; whereas, all
saliva flow rates were statistically associated with the number of surfaces with coronal caries
(Table 2). The number of teeth with root caries was significantly inversely associated with
SP (p<0.05), SS (p<0.001), and unstimulated submandibular/sublingual (US) (p<0.03) flow
rates, however, the number of carious root surfaces was inversely associated only with the
US (p<0.001) and stimulated and unstimulated SS (p<0.005) flow rates. Within the 70-79
age group, lower salivary flow rates were not associated with the number of teeth with
coronal caries while the number of coronal surfaces with untreated caries was inversely
associated with both UP (p<0.01) and SS (p<0.22). The number of teeth and number of root
surfaces with untreated root caries was inversely associated with UP, SS and US (p<0.05).

The association of age, glandular flow rates, gender and ethnicity on untreated coronal and
root caries is summarized in Tables 3 and 4. For the youngest age group (36-49 years old),
the main effects of sex and ethnicity were not significant for either the number of teeth or
number of tooth surfaces affected by root or coronal caries. However, the interaction
between gender and ethnicity was significant for the number of teeth affected by coronal
surfaces caries when modeled with UP, US and SS and US, and women SP. Women of
European ancestry had fewer coronal surfaces with untreated caries than did women of
Mexican ancestry (p<0.03), while there was no significant difference between males of
European and Mexican ancestry.

The 50-59 year old group showed more interactions than did the 36-49 age group. For all
models predicting untreated coronal and root caries, the main effects of sex and ethnicity
were significant. Women and those of European ancestry had significantly fewer teeth and
number of tooth surfaces with untreated coronal and root caries than men (p<0.02) and those
of Mexican ancestry. Men of European ancestry had fewer surfaces with both untreated
coronal and root caries and had significantly less (p< 0.05) teeth affected by root caries than
men of Mexican ancestry. In men of European ancestry the mean number of coronal and
root surfaces with dental caries was significantly lower (p< 0.02) than for men of Mexican
ancestry.

Within the 60-69 year old group, while all the models were significant for the main effects
of sex and ethnicity, the gender/ethnicity interaction effect was not significant. Women and
those of European ancestry had less mean number of teeth and number of tooth surfaces
affected by coronal or root caries than did men with Mexican ancestry.
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In the 70-79 age group, the main effect of sex was not significant for root surfaces in any
model whereas ethnicity was significant for root caries experience and the number of root
surfaces in women. Those of Mexican ancestry had fewer teeth and tooth surfaces with
untreated root caries than did those of European ancestry. Likewise, those individuals with
European ancestry had fewer teeth and surfaces with untreated caries than those with
Mexican ancestry.

In the 70-79 year old age group, the main effect of ethnicity was significant (p<0.01) for the
number of teeth with root caries. The sex by ethnicity interaction was significant only for the
SS and US models with untreated carious root surfaces. Women of European ancestry were
virtually identical to women of Mexican ancestry; however, number of root surfaces with
untreated mean number of teeth with coronal caries was significantly greater (p< 0.02) for
those of European ancestry than for those of Mexican ancestry. For the SS and US models
predicting root surface caries, the sex by ethnicity interaction was significant (p< 0.05). The
root caries mean for women of European ancestry was virtually identical to women of
Mexican ancestry while, the mean number of root surfaces that were carious was
significantly greater in men of European ancestry when compared to men of Mexican
ancestry.

Discussion

Age is an overwhelming factor influencing salivary flow rates. In order to evaluate the effect
of salivary flow rate, obtain interactions or differences between gender or, ethnicity on the
number of untreated coronal and root caries requires that subjects be stratified by ranges of
age as indicated by Mungia, et al. [15]. We showed that salivary flow rates from the parotid
gland did not vary significantly with age which is consistent with Baum [21] who also
documented no age related reduction in the stimulated secretion from the parotid gland.
However, the findings for both unstimulated and stimulated flow did vary significantly.
When comparing the youngest age group (36-49 years old) to the other age groups,
submandibular/sublingual flow rates, however, was different. Flow rates were significantly
lower when comparing the youngest age group (36-49 year old group) to the other older age
groups. This result as discussed by Pedersen et. al [22] may be attributed to histologic and
physiologic changes altering salivary flow rates throughout the lifetime as one ages. In
contrast, Tylenda et al. [20] reported no significant changes in the unstimulated and
stimulated flow from the submandibular gland that can be attributed to age. Possible reasons
for these disparities could be the distribution of the populations by age and methods used to
stimulate the glands in the different studies. Tylenda's study had fewer participants (N= 90)
compared to the sample from this study (N=763). Additionally, the age range was greater
(26-to 96-years-old) in Tylenda's study compared to the range (36- to 79-years-old) in this
study. The major contributors to unstimulated and stimulated whole saliva flow are the
submandibular and parotid glands respectively [23]. This differs from findings reported here
where the stimulated parotid flow was lower. However, the submanibular and sublingual
flows were comingled during sampling which could account for the difference.

The current study showed that women had lower caries rates than men which is consistent
with findings reported by Marques et al. [24] and Papas et. al [25] but differs from a study
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by Garcia-Cortez et al. [26] showing the reverse. These findings could be the result of
studying different age groups and nationalities. Papas et al. [25] included an older European
adult population (47-83 years), while the latter studied a population of young adults (18-35
years) living in Mexico.

Caries is a multifactorial disease and other risk factors other than saliva exist includingThe
interaction with age, socio-economic status and lack of access to dental care were shown to
be risk factors for caries [27]. We find that the experience of coronal caries was lower with
age while root caries was higher. In the literature, both coronal and root caries appear to be
major problems among the elderly but its incidence have not been well defined [28]. With
regards to root caries, the elderly continue to develop high caries rates. Although age is an
important factor in determining root caries other factors should be taken into consideration
such as diet, periodontal diseases, use of preventive measures such as fluoride and dental
visits that can impact the oral health status.

This study compared caries experience within ethnic groups. We found that Mexican-
Americans had higher coronal caries incidence than those with European ancestry. A
previous study showed that the risk of having untreated cavities in adults 20-50 year old was
significantly higher among non-Hispanic blacks and Mexican—Americans than non-Hispanic
whites, controlling for age and sex [29]. Although they did not specify the type of untreated
caries, that study is consistent with our finding of higher caries experience in Mexican-
Americans than in European-Americans, but also found that individuals with European
ancestry have significantly (p<0.001) lower root caries rate than those of Mexican ancestry.
This finding is also consistent with Trends in Oral Health Status Report (1999-2004) from
the U.S. Department of Health and Human Services (2007) [2].

Conclusions

Dental caries is commonly found in older adults. In this study, over one-fourth of the adults
aged between the ages of 60 and 79 have untreated root caries over one-third having
untreated coronal caries. Diminished salivary flow rates play a significant role in the both
the number of teeth and the number of surfaces developing caries in these adults. Gender in
this study salivary flow rate was an important factor in caries experience especially within
the 36-49 year old group, and root caries in the 60-69 and 70-79 year old groups. Being a
women and having European ancestry are factors against caries, when compared to men and
individuals of Mexican ancestry.
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Figure 1.
Glandular flow rates within age groups. Flow rates (mL/min) from unstimulated and

stimulated parotid and submandibular/sublingual glands were measured from four age
groups. O and * represent outliers 1.5x and 3.0x the interquartile range, respectively.
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Interaction for gender and ethnicity within age groups. Sixteen generalized linear models

were performed for each age
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