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Abstract

Background: Tooth loss induces changes to the anatomy of the oral cavity. We hypothesized that
tooth loss may disturb smooth swallowing in healthy elderly people. The purpose of this study
was to investigate the effect of tooth loss on the development of swallowing problems in an
independent elderly population.

Methods: This was a 5-year prospective cohort study conducted in Nara, Japan. Included in this
analysis were 1,988 community residents aged 65 years or older without swallowing problems at
baseline.The participants were classified into quartile groups according to the number of remaining
teeth at the baseline survey: 0-12, 13-22, 23-26, and 27-32 teeth. A decrease in the number of teeth
during the survey was calculated by subtracting follow-up number from baseline number. Main
outcome was the development of swallowing problems at follow-up.

Results: During follow-up, 312 individuals developed swallowing problems. After adjustment
for confounding factors by multiple logistic regression analysis, the odds ratios for developing
swallowing problems in participants with 13-22 or 0-12 teeth were 2.42 (95% confidence interval
[CI], 1.61-3.63) and 2.49 (95% ClI, 1.68-3.69), respectively, compared to participants with 27-32
teeth, demonstrating a significant relationship. The odds ratio of per 1 tooth decrease over 5 years
was 1.08 (95% Cl, 1.02-1.13), showing a significant association.

Conclusions: Swallowing problems due to aging are more likely to develop in individuals with
fewer teeth.
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Swallowing problems are found in 25%-80% of individuals with
stroke (1) and in 30%-70% of individuals with Parkinson’s disease
(2). Swallowing problems in elderly adults are the specific result of a
pathological condition or illness (3). Ligamentous laxity, geniohyoid
muscle atrophy, reduced muscle tone in the pharynx and esopha-
gus, increased duration of swallowing, decreased maximum lingual
isometric pressure, and increased swallow apnea are recognized as
age-related physiological changes (4-9). These age-related changes
may be negligible compared with the changes in swallowing related
to degenerative neurologic diseases. However, endoscopic analysis
revealed that laryngeal penetration and aspiration were observed in
11.3% and 6.5% of all swallows, respectively, in healthy elderly per-
sons (10). Twenty percent of healthy elderly individuals showed high
laryngeal penetration into the laryngeal vestibule during videofluor-
oscopy examination (11). We also found that swallowing problems
were prevalent in up to 15% of independent living elderly individu-
als in an examination using a self-administered questionnaire and
the 30-mL water swallow test (12). Therefore, it is necessary to
investigate modifiable risk factors that are involved in swallowing
function in elderly people living independently.

Swallowing can take place when food particles are small enough
and sufficiently moistened with saliva (13). The main cause of poor
masticatory ability is a reduction in the number of remaining teeth in
healthy elderly people. Losing teeth induces changes to the anatomy
of the oral cavity; therefore, we hypothesized that tooth loss may
disturb smooth swallowing in healthy elderly people. To date, only a
few studies have examined the relationship between tooth loss and
swallowing function; thus, the purpose of this prospective cohort
study was to investigate this relationship in an independent elderly
population.

Methods

Selection of Subjects

This study was approved by the Ethics Committee of Nara Medical
University. We used data from the baseline (in 2007 and the beginning
of 2008) and follow-up (in 2012) examinations of the Fujiwara-kyo
study (14-19). Written informed consent was obtained from each
individual prior to their participation in the baseline and follow-up
examinations. The Fujiwara-kyo study is an ongoing cohort study
of volunteer men and women who, at baseline, were independent
elderly residents of Nara Prefecture aged 65 years or older and able
to walk unassisted.

Among the 4,206 persons who participated in the baseline exam-
ination, 3,109 individuals without swallowing problems at baseline
were enrolled in the current study. By the time of the 2012 follow-up
examination, 131 had died, 32 had moved away, 13 had been admit-
ted to an institution, 233 were hospitalized or were receiving medi-
cal treatment, and 652 were nonresponders. Thus, there were 2,048
participants in the follow-up examination (65.9%, 2,048/3,109). To
assess age-related swallowing problems, individuals who reported
a history of cerebrovascular disease (n = 45), Parkinson’s disease
(n = 3), facial paralysis (7 = 1), or parathyroid tumor (n = 1) during
the follow-up period were excluded because these diseases some-
times have an influence on swallowing function. Individuals with
a history of oropharyngeal and laryngeal cancer (7 = 10) were also
excluded because of dysphagia secondary to surgery and radiation
therapy. Finally, 1,988 participants were available for the analysis
(age range at baseline 65-89 years, median 71.0, interquartile range
6.0) (Figure 1).

Assessment of Swallowing Function
Swallowing function was evaluated with and without dentures in partic-
ipants who wore and did not wear dentures during a meal, respectively.

By referring to the main clinical symptoms according to which
dysphagia is suspected (20-22), four questionnaire items were used:
Do you drop food from your mouth during a meal? Do you feel that
food remains in your mouth? Do you choke during a meal? Do you
cough during and after a meal?

The 30-mL water swallow test (23), which was developed to screen
for dysphagia in individuals with cerebrovascular disease, was used to
evaluate aspiration. Two trained dentists and four dental hygienists
with extensive experience in evaluating the results of the water swallow
test administered the test at the baseline and follow-up examinations.
The participants were instructed to drink 30mL of room-temperature

2007 Fujiwara-kyo study initiated

‘ 4206 individuals underwent the baseline examination ’

/ Excluded: \

Cerebrovascular disease: 267
Parkinson’s disease: 6

Facial paralysis: 1
Oropharyngeal and laryngeal
cancer: 6

Missing data: 263

\With swallowing problems: 554/

w

109 individuals who had no swallowing problems at
baseline were enrolled in the current study

Died: 131
Moved away: 32

—> | Admitted to an institution: 13
Hospitalized or undergoing
medical treatment: 233

— [ Non-responders: 652 ]

2012 Follow-up examination

2048 individuals underwent the follow-up ’
examination (65.9%, 2048/3109)

Excluded:

Cerebrovascular disease: 45
Parkinson’s disease: 3

Facial paralysis: 1
Parathyroid tumor: 1
Oropharyngeal and laryngeal
cancer: 10

1988 participants were available for analysis

Figure 1. Selection of subjects.
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water from a cup without interruption in a seated position, and the
time taken to drink the water and the presence or absence of cough-
ing were observed. The examiners (a combination of a dentist and
a dental hygienist or a combination of two dentists) discussed their
observations to arrive at a consensus. If it was suspected that some
water was left in the mouth because a participant sipped the water, the
examination was repeated. The participants were classified as normal
when they drank the water in 5 seconds or less without interruption or
coughing, and abnormal when they drank the water with interruptions
or with coughing or it took longer than 5 seconds. When compared
with videofluoroscopic examination of swallowing as the standard cri-
terion, with a cutoff point of 5 seconds, the sensitivity and specificity of
the water swallow test are 90% and 56 %, respectively (23).

When the participants answered yes to any of the four question-
naire items or were judged to be abnormal according to the water swal-
low test, they were diagnosed with a swallowing problem (12). In our
test-retest analysis on the presence or absence of swallowing problems
4 weeks later (1 = 44), the kappa coefficient was .41 (p = .004).

Dental Examination

Number of Remaining Teeth

Dental examinations were carried out at the baseline and follow-
up surveys by two dentists calibrated as to the techniques using the
single observer method, with both the dentist and the participant in
a sitting position under artificial lighting. The number of teeth was
recorded for each participant. The remaining teeth were defined as
healthy, carious, or treated (including crowned, inlay, and abutment
teeth for bridge work), inclusive of completely erupted third molars.
Root tips and very loose teeth that were indicated for extraction
were not included as remaining teeth.

Maximum Bite Force

Maximum bite force by all dentition was measured using the Dental
Prescale System (FPD-707; Fuji Film Co., Tokyo, Japan) (24). The
participant bit a pressure-sensitive sheet (50H; Fuji Film Co.) as hard
as possible in the intercuspal position for 3 seconds. The pressure-
sensitive sheet showed occlusal contact area and different densities
of color depending on the level of the pressure applied. The maxi-
mum bite force was determined by the area and density data with
a color image scanner contained in the FPD-707. This measurement
was taken with and without dentures in participants who wore and
did not wear dentures during a meal, respectively.

Occlusal Support and Oral Dryness

Intermaxillary support, which includes artificial teeth in bridges and
dentures, was evaluated according to the Eichner classification (25),
in which the premolars and molars are counted as one region for a
total of four supporting zones. Individuals classified as rank A have
four occlusal contacts in the posterior region. Rank B or C refers
to zero to three occlusal contacts in the posterior region. The par-
ticipants were also asked whether they had subjective oral dryness.

Measurements of Potential Confounding Factors

We considered chronic diseases, lower body mass index, and lower
physical function, which are observed frequently in elderly people, as
potential confounding factors.

Public health nurses interviewed each participant to record any his-
tory of disease and current medication. Blood pressure was determined
twice using an automatic blood-pressure manometer (ES-P2100;
TERUMO Co., Tokyo, Japan). An average of two measurements was

used in the analyses. Blood samples were collected from an antecubital
vein after an overnight fast. Hemoglobin Alc values were converted to
National Glycohemoglobin Standardization Program values according
to the Japan Diabetes Society guidelines (26). Cancer and myocardial
infarction were determined by medical history and current medication.
Diabetes mellitus was defined by medical history, current antidiabetic
medication, and/or by one of the following biochemical test results
according to the guidelines of the American Diabetes Association
(27) and the Japan Diabetes Society (28): fasting plasma glucose
level 2126 mg/dL or hemoglobin Alc level 26.5%. Hypertension was
defined according to the Japanese Society of Hypertension criteria (29)
as follows: medical history, current use of antihypertensive medicine,
and/or systolic/diastolic blood pressure 140/90 mmHg or greater.

Height and body weight were measured with a body fat scale
(TANITA Co. Tokyo, Japan) with the participant wearing an exami-
nation gown. Body mass index was calculated as weight (kg) divided
by height squared (m?).

In the 10-m walking test, the participants were instructed to
walk in a straight line as quickly as possible along a 14-m pathway.
Modulation-type optical input units (TAKEI Co., Niigata, Japan)
were placed at the 2- and 12-m points, and the time taken by the
participant to walk 10 m was measured. Grip strength of the domi-
nant hand was measured by using a Smedley type digital dynamom-
eter (TAKEI Co.) in a sitting position with the upper extremities in a
natural downward position.

Statistical Analysis
Baseline characteristics were compared between subjects available for
the analysis and subjects excluded from the analysis using the chi-
square or Mann—Whitney test. The participants were classified into
quartile groups according to the number of remaining teeth at the
baseline survey: 0-12, 13-22, 23-26, and 27-32 teeth. Differences
in the characteristics of the four tooth groups at baseline were ana-
lyzed using the chi-square or Kruskal-Wallis test. Trend tests were
performed using the Mantel-extension method or Jonckheere test.
Multivariate-adjusted odds ratios and 95% confidence intervals (Cls)
were determined by using logistic regression analysis (by the forced
entry method). The development of swallowing problems at follow-up
was used as a dependent variable. The category of number of remain-
ing teeth at baseline was used as independent variable. To investigate
the effect of fewer teeth on swallowing problems, the effects of gen-
der, age, Eichner classification A, presence of oral dryness, positive
disease history (cancer, myocardial infarction, diabetes mellitus, and
hypertension), body mass index, 10-m walking test, and grip strength
were controlled as potential confounding factors. The decrease in the
number of teeth (baseline number minus follow-up number) was also
used as an independent variable in an additional logistic analysis. The
number of teeth at baseline and a decrease in the number of teeth dur-
ing the survey were added separately to each logistic model.
Statistical analysis was performed using SPSS version 17.0. Two-
tailed p values were calculated in all of the analyses. The alpha level
of significance was set at .05.

Results

Comparison of Baseline Characteristics Between

the 1,988 Subjects Available for the Analysis and the
1,121 Subjects Excluded From the Analysis

At baseline, the excluded subjects were significantly older, had sig-
nificantly fewer remaining teeth, had a significantly higher frequency
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of edentulism, and had a significantly higher frequency of subjective
oral dryness. The results of the 10-m walking test and grip strength
test were significantly poorer in the excluded subjects (Table 1).

Relationship BetweenTooth Loss and Swallowing
Problems

Table 2 shows the characteristics of the 1,988 participants according
to the number of remaining teeth at baseline. As the number of teeth
was reduced, the maximum bite force was significantly reduced.
Significant associations were found between having fewer teeth and
older age, longer time required to complete the 10-m walking test,
lower grip strength, smaller frequency of men, and greater preva-
lence of diabetes mellitus and hypertension.

The 5-year cumulative incidence of swallowing problems was 15.7%
(312/1,988). It was 16.4% in men (7 = 1,038, median age 71.0 years,
interquartile range 7.0) and 14.9% in women (7 = 950, median age
71.0 years, interquartile range 6.0) (p = .39) (Supplementary Appendix
1). Figure 2 illustrates the cuamulative incidence of swallowing problems
on the basis of the number of remaining teeth at baseline (27-32,23-26,
13-22, and 0-12 teeth); the cumulative incidence was significantly
greater with fewer teeth: 7.6%/12.0%/16.8%/18.2% in participants
aged 65-74 years (p for trend < .001) and 14.9%/15.2%/28.4%/29.1%
in those aged 75-89 years (p for trend = .002), respectively. Similar
results were also found in the analysis separated by gender.

Table 3 shows the multivariate-adjusted odds ratios for the
development of swallowing problems. Maximum bite force was not

Table 1. Comparison of the Baseline Characteristics Between the Subjects Available for the Analysis andThose Excluded From the Analysis

Variables Subjects Available Subjects Excluded From p Value®
for the Analysis the Analysis
(n = 1,988) (n=1,121)
Men, % 1,038 (52.2) 482 (43.0) <.001
Age,y 71.0 (6.0) 73.0 (8.0) <001
Oral health
Number of remaining teeth 23.0 (14.0) 20.0 (17.0) <.001
Edentulism, % 146 (7.3) 125 (11.2) <.001
Maximum bite force, N 348.0 (423.2) 265.6 (366.4) <.001
Fichner classification “A,” % 1 729 (87.0) 967 (86.3) .58
Complaints of oral dryness, % 7(0.9) 0 (1.8) .03
Positive history of disease
Cancer (excluding oropharyngeal cancer), % 177 (8.9) 102 (9.1) .85
Myocardial infarction, % 2 (2.1) 29 (2.6) 45
Diabetes mellitus, % 268 (13.5) 163 (14.5) 42
Hypertension, % 1,381 (69.5) 803 (71.6) 22
Body mass index, kg/m? 22 9 (3.6) 22.9 (4.0) .19
10-m walking test, s 2(1.2) 5.7 (1.4) <.001
Grip strength, kg 29 3(13.5) 25.8(11.4) <.001
Notes: Data are given as number (%) or median (interquartile range).
*Differences between both groups were analyzed using the chi-square or Mann-Whitney test.
Table 2. Clinical Characteristics of 1,988 Participants by the Number of Remaining Teeth at Baseline
Variables Quartiles of the Number of Remaining Teeth p Value* p Value!
Q4 (27-32) Q3 (23-26) Q2 (13-22) Q1 (0-12)
n=>513 n=>515 n=477 n =483
Men, % 296 (57.7) 268 (52.0) 236 (49.5) 238 (49.3) .03 .005
Age,y 69.0 (5.0) 70.0 (6.0) 71.0 (6.0) 73.0 (7.0) <001 <001
Oral health
Number of remaining teeth 28.0 (2.0) 25.0 (2.0) 19.0 (5.0) 0(9.0) <.001 <.001
Maximum bite force, N 603.9 (391.9) 474.0 (358.2) 294.6 (243 3 129 1(156.6) <.001 <.001
Fichner classification “A,” % 509 (99.2) 427 (82.9) 334 (70 459 (95.0) <.001 <.001
Complaints of oral dryness, % 3(0.6) 5(1.0) 2 (0. ) 7 (1.4) 31 27
Positive history of disease
Cancer (excluding oropharyngeal cancer), % 42 (8.2) 42 (8.2) 46 (9.6) 47 (9.7) .70 29
Myocardial infarction, % 12 (2.3) 11 (2.1) 6 (1.3) 13 (2.7) 46 .96
Diabetes mellitus, % 46 (9.0) 75 (14.6) 1(14.9) 76 (15.7) .006 .002
Hypertension, % 330 (64.3) 366 (71.1) 341 (71.5) 344 (71.2) .04 .02
Body mass index, kg/m? 22.9(3.2) 22.9 (3.4) 22 9(3.8) 22.7 (4.2) 91 .75
10-m walking test, s 5.0(1.2) 52(1.2) 3(1.2) 5.5(1.2) <001 <001
Grip strength, kg 31.3 (14.5) 29.6 (13.5) 28 9 (12.5) 27.9 (13.4) <.001 <.001

Note: Data are given as number (%) or median (interquartile range).

*Differences between the four groups were analyzed using the chi-square or Kruskal-Wallis test.

A trend test was performed using the Mantel-extension method or Jonckheere test.
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Figure 2. Five-year cumulative incidence of swallowing problems according the number of remaining teeth at baseline. Q1-Q4 show the number of remaining
teeth (Q1: 0-12; Q2: 13-22; Q3: 23-26, and Q4: 27-32). *A trend test was performed to detect the greater cumulative incidence of swallowing problems with fewer

remaining teeth using the Mantel-extension method.

Table 3. Multivariate-Adjusted Odd Ratios for the Development
of Swallowing Problems in 1,988 Participants During the 5-Year

used as an independent variable because of a significant correlation
with the number of remaining teeth (Spearman’s rank correlation

Follow-up Period

coefficient .65). Hosmer—-Lemeshow analysis provided no evidence

for the lack of fit (p = .99). After adjustment for confounding fac-

Variables gc?:;: t::n%iiizzno p Value tors in the full model, the odds ratios of 13-22 and 0-12 teeth were
interval) 2.42 (95% CI, 1.61-3.63) and 2.49 (95% CI, 1.68-3.69), respec-
tively, compared to participants with 27-32 teeth, demonstrating a
Men 1.18 (0.88-1.57) 28 significant relationship (p for trend < .001). In an additional logistic
Age, per 1 year increase 1.04 (1.01-1.07) -004 model, after adjustment for confounding factors, the odds ratio of
Number of remaining teeth per 1 tooth decreased over 5 years was 1.08 (95% CI, 1.02-1.13,
27-32 1 b= 008).
23-26 1.46 (0.97-2.21) 07
13-22 2.42 (1.61-3.63) <.001
.0—12 ' ' 2.49 (1.68-3.69) <.001 Discussion
Eichner classification “A” 1.13 (0.76-1.66) .55
Complaints of oral dryness 0.74 (0.20-2.79) .66 As far as we know, this is the first prospective cohort study on the
Positive history of disease relationship between the number of teeth and swallowing prob-
Cancer 0.99 (0.64-1.51) 24 lems in elderly people living independently. After adjustment for
Myocardial ir%faraion 1.97(0.95-4.07) 07 the effects of age, disease history, and physical function, logistic
Diabetes mellitus 0.94 (0.66-1.33) .72 . L. L. . . .
Hypertension 0.97 (0.73-1.29) 84 regression analyS{s indicated that significant relationships reme?n.led
Body mass index, per 1kg/m? increase 0.9 (0.95-1.04) 90 between swallowing problems and a smaller number of remaining
10-m walking test, per 1 s increase 1.21 (1.08-1.36) 001 teeth, and between swallowing problems and decrease in the number
Grip strength, per 1kg increase 1.01 (0.99-1.01) .30 of teeth during the survey.

In the test-retest analysis on swallowing function, moderate
repeatability was observed (the kappa coefficient was .41). The

Notes: Adjusted for sex, age, number of remaining teeth, Eichner classifica-
tion, oral dryness, positive disease history, body mass index, 10-m walking
test, and grip strength.

validity of this screening test was not verified using videofluoros-
copy. However, the prevalence of swallowing problems (15.1%) at
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the baseline examination in this study (12) was similar to the per-
centage (13.8%) of participants with swallowing problems identified
from among 1,313 community-dwelling elderly individuals in Akita
prefecture, Japan, using a different dysphagia screening question-
naire (21). Therefore, it is likely that this survey identified individuals
who experienced impaired swallowing.

Mastication serves to form a well-lubricated and cohesive food
bolus, through the insalivation and comminution of food (30). The
total number of chews and duration of mastication to adjust food par-
ticles to the proper size increased in post-stroke patients and complete
denture wearers because of insufficient masticatory ability (31,32).
Chewing for a longer time can reduce bolus viscosity (31). As bolus
viscosity decreases, the location of the leading edge tends to be signifi-
cantly deeper in the pharynx (33), increasing the chance of aspiration.
Individuals with fewer teeth have lower masticatory ability. They may
have difficulty in forming a bolus with a viscosity and particle size
suitable for swallowing without a delay in the initiation of swallow-
ing. Swallowing problems may be more likely to develop in elderly
individuals with fewer teeth because of reduced bolus viscosity.

Age-related changes of swallowing in a healthy older population
are referred to as presbyphagia (9) and distinguished from dysphagia
in post-stroke patients. Independent elderly individuals with fewer
remaining teeth do not generally undergo swallowing rehabilitation;
however, once their physical condition worsens, they might become
susceptible to pneumonia due to silent aspiration. It is important to
keep one’s teeth while maintaining good oral hygiene.

Logistic regression analysis showed no significant relationship
between the Eichner classification and swallowing problems (Table 3).
Laryngeal penetration is significantly greater in frequency in edentulous
older people not wearing their dentures than in dentulous older people
(34). Without dentures, bolus transit time is increased in the oral cav-
ity, valleculae, and hypopharynx because of poor food manipulation
and poor bolus formation than with dentures (35). The prolonged resi-
dence of the bolus in the hypopharynx may increase the risk of aspira-
tion. Therefore, jaw stabilization by occlusion with posterior teeth or
dental prosthetics has an important role in swallowing function.

Four limitations of the present study merit consideration. The pri-
mary limitation is that the proportion of nonresponse participants was
high. The proportion of edentulous individuals and individuals with a
smaller number of remaining teeth was greater in the subjects excluded
from the analysis (Table 1). We speculate that a high-risk population
for the development of swallowing problems was excluded from this
study. It is unclear whether the association between tooth loss and
swallowing problems was overestimated or underestimated. Second,
we did not perform a solid food test. A water bolus may be swallowed
without being masticated. We might have misclassified individuals
who sometimes coughed when they swallowed solid food as persons
with normal function. Third, the positions of the tooth defects were
not investigated, which may affect maximum bite force and swallow-
ing function. Fourth, no data were available for pharyngeal mano-
metric peak pressure and tongue strength, which have been shown to
be significantly reduced in aspirators compared with non-aspirators
(36,37). The lack of the evaluation of associations between these data
and swallowing function might have resulted in an overestimation of
the association between mastication and swallowing problems.

Conclusions

Swallowing problems due to aging are more likely to develop in
individuals with fewer teeth. Preventive measures against tooth loss
in adulthood can reduce the risk of swallowing dysfunction at an

older age. Subjects who have already experienced marked tooth loss
should use dentures to maintain jaw stabilization.

Supplementary Material

Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/
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