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BACKGROUND: Under the hypothesis that elderly people in the community may have deficient
oropharyngeal dysfunction, the purpose of this case-control study was to compare oral and physical
characteristics in elderly people with and without a history of pneumonia and to identify factors dis-
tinguishing them. METHODS: In 2014, we examined 1,311 elderly people who agreed to participate in
a longitudinal and intervention study for the community-dwelling elderly. We looked at such physical
characteristics as body composition, grip power, gait, and balance and at oropharyngeal characteristics,
such as alternating motion rate (AMR) in speech and the repetitive saliva-swallowing test (RSST). The
subjects were also asked about past history of pneumonia and other morbid conditions. From that
information, we extracted 24 subjects reporting to have had pneumonia within the previous 5 y as well
as 172 other subjects who matched the pneumonia subjects with respect to age, sex, and number of other
morbidities to form 2 groups for comparisons. We also subjected the data to a logistic regression
analysis, with having or not having pneumonia as the dependent variable, oral and physical character-
istics as independent variables, and age and sex as covariates. RESULTS: No significant differences
were seen in physical characteristics between the 2 groups. Among the oropharyngeal characteristics,
AMR was significantly lower in the pneumonia subjects (P � .005, effect size � 0.20), whereas RSST
exhibited no significant difference between the 2 groups. Logistic regression revealed AMR to be the
only factor related to pneumonia (P � .002, odds ratio 0.169, 95% CI 0.056–0.508). CONCLUSIONS:
In community-dwelling elderly people, association of pneumonia with skilled tongue control (AMR)
rather than with swallowing (RSST) prompts a reexamination of what constitutes being at risk for
pneumonia. Key words: pneumonia; community-dwelling elderly; repeated swallowing; repeated phonation;
alternating motion rate. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

For the past 10 years, lower respiratory tract infections,
such as pneumonia, have been the fourth most prevalent

cause of death in the world.1 Pneumonia should be re-
garded as a threatening condition particularly in the el-
derly, since many in that age category die of pneumonia,
and those who survive it are generally left debilitated.
Since the turn of the century, lower respiratory tract in-
fections have decreased in Europe for all age groups, and
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a similar situation can be found in the United States.2,3 The
prevalence of pneumonia continued to increase in Japan
until 2011, the same year that it surpassed cerebral vascu-
lar disease to become the number 3 killer in that country.4

However, mortality of both cerebral vascular disease and
pneumonia began to decrease from 2011 onward, so the
elevation in pneumonia ranking was really more of a
relative change between 2 decreases in mortality than an
actual upsurge of death by pneumonia. Nevertheless,
97% of deaths due to pneumonia in Japan have been of
people �65 y old,5 and so, as the population of the
elderly continues to grow, preventing pneumonia re-
mains an important problem.

According to a Japanese classification system of pneu-
monia, pneumonia is categorized into hospital-acquired
pneumonia, nursing and health care-associated pneumo-
nia, and community-acquired pneumonia (CAP),6 the last
of which is of great concern when considered from the
standpoint of health promotion and life expectancy in the
community-dwelling elderly. In the United States, 24.8 of
every 10,000 people with CAP need to be hospitalized
every year, and this figure jumps to 63.0 for people
65–79 y old and to 164.3 for those �80 y old.7 Such an
increase in CAP-related hospitalization with aging can
be seen in Europe and Japan as well.8,9 Risk factors
associated with CAP are numerous, including pulmo-
nary disorders, diabetes, cardiac insufficiency, malnu-
trition, pulmonary aspiration, use of tobacco, consump-
tion of alcohol, and the environment.10-12

Pneumonia attributable to pulmonary aspiration is re-
ferred to as aspiration pneumonia. Aspiration pneumonia
entails longer hospitalization and greater mortality than
non-aspiration pneumonia, so it is a factor to consider
when determining a patient’s prognosis.13,14 Incidence of
aspiration pneumonia increases with age more than other
forms of pneumonia,15 and this is thought to be attrib-
utable to a decline in oropharyngeal function as one
ages.16 Oropharyngeal dysphagia has been found to be a
strong risk factor associated with aspiration pneumonia
in hospitalized CAP patients, operating independently
of other risk factors,17 so examining the possibility of a
connection between oropharyngeal function and occur-
rence of pneumonia in the community-dwelling elderly
would be meaningful.

We thus hypothesized that dysphagia would be asso-
ciated with occurrence of pneumonia in elderly people
living in the community. The purpose of this study was
to see whether oropharyngeal function differed between
community-dwelling elderly people with histories of
pneumonia and those without such histories and to ex-
plore possible associations between pneumonia and oro-
pharyngeal function.

Methods

Subjects

The volunteer participants in this case-control study were
recruited from 2 community programs run by the Tokyo
Metropolitan Geriatric Hospital and Institute of Gerontol-
ogy. In one, we invited 6,699 men and women 65–84 y old
in the Itabashi Ward of Tokyo who were not living in
geriatric facilities, were not former patients of our hospi-
tal, and had not hitherto been in the institute’s cohort
programs, to participate in a program that we dubbed
“Otassha Kenshin” (“Health Examination for the Healthy”).
Of them, 762 agreed to participate in our survey in 2014.
For the other program, called “Toshima Senior Health
Investigation of Mind and Activity,” we invited all 6,158
people 65–84 y old on November 1, 2014, who were
living in a section of the neighboring Toshima Ward of
Tokyo but not residing in institutions, and 549 of them
participated in the survey. Combining the data from these
2 sources, we had an overall sample of 1,311 elderly peo-
ple for analysis.

We explained to all of these subjects the advantages and
disadvantages of being in this study and obtained their

QUICK LOOK

Current knowledge

Although mortality due to pneumonia has been decreas-
ing in advanced industrialized countries, pneumonia is
the fourth highest cause of death in the world and the
third highest in Japan. Because this mortality increases
exponentially with age, pneumonia is a considerable
threat in advanced countries that have aging popula-
tions. The risk of aspiration pneumonia, in particular, is
high among patients with vascular or degenerative dis-
eases of the central nervous system because many of
them have substandard swallowing function, and even a
slight decrease in oropharyngeal function due to aging
can precipitate aspiration pneumonia.

What this paper contributes to our knowledge

Community-dwelling elderly with a history of pneumo-
nia within the previous 5 years cannot enunciate the
syllable “ta” as rapidly for 5 s as their compatriots with
no such previous history of pneumonia. The possibility
of this subtle and simple test of skilled tongue control,
called alternating motion rate, being more sensitive in
detecting risk of pneumonia in the community-dwelling
elderly than current tests of swallowing function might
merit further study.
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written consent to participate in it. This study was ap-
proved by the ethics committee at our institution (approval
number 48 in 2011 and number 32 in 2014).

Morbidity Survey

Using a form as a guideline, we asked each subject
about being under treatment for hypertension, cerebral vas-
cular disease, heart disease, diabetes, hyperlipidemia, ane-
mia, COPD, or cancer. If a response was positive, it was
counted as a morbidity. The subject was also asked about
having ever contracted pneumonia in the past and, if so, at
what age, and whether he or she was currently under treat-
ment for it. For analysis, we assigned people who reported
having had pneumonia within the previous 5 y to a pneu-
monia group.

Of the 1,311 participants in the study, 24 of them re-
ported having had pneumonia within the previous 5 y, so
they were assigned to the pneumonia group. To make a
group of similar subjects for the non-pneumonia group,
172 of the remaining subjects were found who matched
one or another of the pneumonia subjects with respect to
age, sex, and number of morbidities. Two of the subjects
with pneumonia had no matching subject in the overall
sample, whereas 3 subjects with pneumonia had as many
as 23 matches each.

Physical and Cognitive Function Assessment

The subject’s fat-free mass, body-fat mass, percent body
fat, and skeletal muscle mass were measured by multifre-
quency bioelectrical impedance analysis18 with an InBody
770 analyzer (Biospace, Seoul, Korea). Body mass index
was calculated by dividing weight (kg) by the square of
height (m). Bone density, measured with an ultrasound
bone densitometer (model CM-200, Furuno Electric Co.,
Ltd., Nishinomiya, Japan), was indicated in terms of bone
conduction velocity (m/s). Grip power was measured with
a Smedley-type hand dynamometer (Yagami, Nagoya, Ja-
pan) as an indicator of overall body strength. Time to walk
5 m, both at the subject’s usual pace and as fast as possi-
ble, the timed up-and-go test,19 and time standing on the
preferred foot were measured with a stopwatch to assess
mobility and balance. For cognitive assessment, a number
of psychologists examined the subjects on a one-to-one
basis using the mini-mental state examination.20

Swallowing and Oral Function Assessment

We measured swallowing function by using a repetitive
saliva-swallowing test (RSST).21,22 For the RSST, the ex-
aminer palpated the area of the subject’s laryngeal prom-
inence and hyoid with one hand, asked the subject to re-
peatedly swallow his or her own saliva for 30 s, and with

the other hand started a stopwatch when commanding the
subject to start swallowing. Lap time was used to indicate
when the first swallow occurred (RSSTfirst), and the ex-
aminer counted swallows over 30 s (RSST30). A swallow
was counted when the thyroid cartilage moved up and
down, but only if the laryngeal prominence completely
passed across the palpating finger. Based on comparison
with video fluorography, an RSST30 of �3 swallows over
30 s has been deemed a cutoff for screening abnormal
swallowing.23

To assess oral function, we looked at rapid monosyl-
lable repetition (alternating motion rate [AMR]),24 num-
ber of functioning teeth (including dentures and dental
implants), number of actual remaining teeth, dental
plaque, and tongue coating. The AMR is a kind of oral
diadochokinesis test. In the AMR, a single syllable (“ta”
in this study) is repeatedly enunciated as rapidly as possible.
Another test of oral diadochokinesis, known as sequential
motion rate, involves rapid polysyllable repetition as, for ex-
ample, saying “pa/ta/ka” over and over again.25

The AMR assessment was done with a specialized de-
vice (Kenko-kun, Takei Scientific Instruments, Niigata,
Japan), equipped with a microphone programmed to dis-
tinguish and count instances of sounds like “pa,” “ta,” or
“ka” over 5 s. Concurrent validity checked against audio
recordings has been established, with a coefficient of de-
termination at R2 � 0.96 for the “ta” sound.26 In this study,
we had the subject enunciate the “ta” syllable as frequently
as possible for 5 s. In a study on AMR,27 88 people 65–
74 y old could repeat “ta” a median of 6.2 times/s with 2
SD values below the mean at 4.1 times/s. The corresponding
values for 82 people �75 y old were 6.0 and 3.3 times/s,
respectively. We thus regarded 4.1 and 3.3 as borderline val-
ues between normal and subnormal for the 2 age groups. A
dental hygienist counted functioning teeth (including missing
teeth treated by prosthesis, such as dentures and dental im-
plants) and remaining teeth and classified dental plaque and
tongue coating as absent, moderate, or considerable.

Statistical Analysis

First we assigned those subjects who had contracted
pneumonia within the previous 5 y to a pneumonia group.
We then gleaned, from the remainder of the overall sam-
ple, subjects who matched members of the pneumonia
group with respect to sex, age, and number of morbidities,
assigning them to a non-pneumonia group of similar sub-
jects. In comparing the 2 groups, a 2-tailed t test for un-
paired data was used when the distribution could be re-
garded as normal. Otherwise, the Mann-Whitney U test
was used. Categorical variables were examined in chi-
square contingency tables.

To search for factors associated with pneumonia, a lo-
gistic regression analysis was conducted using data from
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the overall sample. The dependent variable was contrac-
tion of pneumonia within the last 5 y, and the independent
variables were the physical characteristics described above
and listed in Table 1 and the oral characteristics described
above and listed in Table 2. Sex and age were added into
the analysis as covariates. For this regression analysis, the
AMR results were transformed into categories of faster
versus slower than the median number of enunciations/s.

Measurements are expressed as number of subjects or as
mean � SD, and the level of confidence for statistical
testing was set at P � .05.

Results

The pneumonia group had significantly higher relative
incidences of cerebral vascular disease, heart disease, and

Table 1. Age, Body Composition, and Physical and Cognitive Function of the Subjects

Characteristics
All Subjects

Except Pneumonia
(n � 1,287)

Pneumonia
(n � 24)

Non-Pneumonia
(n � 172)

P

Age, y 73.8 � 5.7 74.8 � 5.5 73.6 � 5.5 .29
Height, cm 155.6 � 8.5 156.1 � 8.7 153.0 � 6.8 .10
Weight, kg 55.4 � 10.1 54.5 � 9.8 52.9 � 8.9 .40
BMI, kg/m2 22.8 � 3.2 22.3 � 3.0 22.6 � 3.2 .75
Fat free mass, kg 39.1 � 7.5 38.3 � 8.6 36.9 � 6.1 .70
Body fat mass, kg 16.3 � 5.6 16.2 � 5.0 16.1 � 5.7 .73
Body fat percentage, %* 29.1 � 7.5 29.8 � 7.7 29.9 � 7.6 .86
Skeletal muscle mass, kg 20.9 � 4.5 20.4 � 5.2 19.5 � 3.7 .76
Bone density, cm/s 1483.2 � 24.4 1473.8 � 21.7 1478.5 � 20.4 .41
Grip power, kg 26.4 � 8.2 23.9 � 9.4 24.6 � 6.7 .83
5-m walk (usual pace), s 3.8 � 1.0 4.4 � 2.3 3.8 � 0.8 .23
5-m walk (maximum speed), s 2.6 � 0.7 2.9 � 0.9 2.6 � 0.6 .19
Timed up-and-go test, s 5.9 � 1.8 6.2 � 1.6 5.8 � 1.2 .19
Time standing on one foot, s 44.3 � 21.7 38.6 � 24.7 47.8 � 19.5 .09
MMSE (30 possible points) 28.2 � 2.3 28.8 � 1.4 28.3 � 2.4 .42

Data are mean � SD. There were no statistically significant differences between pneumonia and non-pneumonia groups.
* t test for unpaired data (Mann-Whitney U test for all other comparisons).
BMI � body mass index
MMSE � mini-mental state examination

Table 2. Oral Function Among the Subjects

Characteristics
All Subjects

Except Pneumonia
(n � 1,287)

Pneumonia
(n � 24)

Non-Pneumonia
(n � 172)

P (ES)

Number of functionally normal teeth, mean � SD 26.9 � 3.3 27.5 � 1.5 27.0 � 3.5 .52
Number of remaining teeth, mean � SD 20.3 � 8.7 19.6 � 9.8 20.1 � 8.6 .78
Dental plaque, mean � SD 1.2 � 0.4 1.2 � 0.5 1.2 � 0.4 .94
Tongue coating, mean � SD 1.4 � 0.5 1.4 � 0.5 1.4 � 0.5 .78
AMR using “ta”, mean � SD enunciations/s 6.0 � 1.0* 5.5 � 1.0 6.0 � 1.0 .005 (0.20)
Incidence of AMR, n (%)

�4.1 times/s (�75 y old)
45 (3.5)* 1 (4.2) 5 (2.9) .55†

�3.3 times/s (�75 y old)
RSSTfirst (time to first swallow), mean � SD s 3.0 � 3.6‡ 3.8 � 5.1 3.4 � 4.6 .68
RSST30, mean � SD times/30 s 4.0 � 1.8‡ 4.5 � 2.3 4.1 � 1.9 .34
Incidence of RSST30 at �3 times/30 s, n (%) 229 (17.8)‡ 3 (12.5) 33 (19.2) .58†

* 8 data missing from the overall sample but not from the compared groups.
† Chi-square tests (Mann-Whitney U test for all other comparisons).
‡ 10 data missing from the overall sample but not from the compared groups.
AMR � alternating motion rate in rapidly enunciating “ta” over 5 s
ES � effect size (Pearson product moment correlation coefficient r)
RSST � repetitive saliva-swallowing test
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cancer (Table 3). The 2 groups were similar in terms of
body type, body composition, muscular strength, mobility,
and cognitive function (see Table 1). Intraoral features,
such as number of teeth, dental plaque, and coating of the
tongue, were likewise similar between the 2 groups (see
Table 2). In the screening test for swallowing dysfunction,
no significant difference between the 2 groups was found
for RSSTfirst, RSST30, or screen-positive incidence of �3
swallows/s (see Table 2 and Fig. 1).

Incidence of abnormally slow AMR was low and not
significantly different between the 2 groups (see Table 2
and Fig. 1). Nevertheless, the pneumonia subjects did per-
form significantly slower on the AMR test than did the
members of the non-pneumonia group, by about half an
enunciation/s on average (see Table 2).

In the logistic regression analysis, based on data of the
overall sample, the median AMR turned out to be 6.2
enunciations/s. Using that as a borderline, AMR was trans-

formed into a dichotomous categorical variable. It was the
only independent variable among the physical and oropha-
ryngeal functions assessed in this study to have predictive
power concerning the presence or absence of pneumonia
within the previous 5 y (Table 4).

Discussion

Although we anticipated seeing decreased ability to swal-
low to be related to history of pneumonia in the previous
5 y, given that aspiration pneumonia is the dominant form
of pneumonia in the elderly, neither RSSTfirst nor RSST30

differed between the pneumonia and non-pneumonia
groups. The AMR test was a convenient addendum in data
collection because it required only 5 s. Surprisingly, the AMR
outperformed the RSST in distinguishing people who had
recent bouts of pneumonia from those who had not.

The RSST is quite useful for screening patients with
cerebral vascular disease or neuromuscular disease to see
whether they have dysphagia.23 Among the factors regu-
lating swallowing function, the RSST is associated with
sensitivity of the swallowing reflex.21 We thus anticipated
RSST to exhibit a relation with a past history of pneumo-

Fig. 1. Performance in alternating motion rate (AMR) and 30-s repetitive saliva swallowing tests (RSST) by subjects with and without
pneumonia. AMR is the rate of repeating the syllable “ta” as rapidly as possible for 5 s. RSST30 is the number of swallows performed as
rapidly as possible over 30 s. Thick black and white arrows indicate borderlines of abnormal AMR for ages 65–74 and �75 y, respectively.27

The thin black arrow indicates the screening borderline for RSST30.23

Table 3. Incidence of Morbidity in Pneumonia Versus Similar
Subjects

Condition
Pneumonia

(n � 24)
Non-Pneumonia

(n � 172)
P (ES)

Hypertension 11 (45.8) 73 (42.4) .83
CVD 3 (12.5) 4 (2.3) .04 (0.18)
Heart disease 8 (33.3) 21 (12.2) .01 (0.20)
Diabetes 0 (0.0) 13 (7.6) .38
Hyperlipidemia 11 (45.8) 66 (38.4) .51
Anemia 1 (4.2) 5 (2.9) .55
CRF 0 (0.0) 0 (0.0)
COPD 0 (0.0) 2 (1.2) �.99
Cancer 6 (25.0) 16 (9.3) .035 (0.16)

Data are n (%).
ES � effect size (r)
CVD � cerebral vascular disease
CRF � chronic renal failure

Table 4. Logistic Regression for Predicting History of Pneumonia

Characteristic OR P 95% CI

Age (y) 1.007 .86 0.936–1.083
Female sex 1.383 .46 0.584–3.278
AMR (�6.2 times/s) 0.169 .002 0.056–0.508

N � 1,311 people; model chi-square: P � .002. Hosmer-Lemeshow goodness of fit
statistic � 0.893. With the effects of age and sex accounted for, alternating motion rate was
the only physical or oropharyngeal characteristic to predict having a history of pneumonia
within the past 5 y.
OR � odds ratio
AMR � alternating motion rate in rapidly enunciating “ta” over 5 s
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nia in this study, but no difference was found between the
groups. Given that the RSST was developed to screen
patients clearly at risk of developing dysphagia, the test
may not be very well oriented toward picking up subtler
degrees of dysfunction in community-dwelling elderly peo-
ple. The recommendation of �3 swallows over 30 s to
trigger a videofluoroscopic examination23 is rather conser-
vative. In developing the RSST30, Oguchi et al21 obtained
a mean of 5.9 swallows/30 s in 30 healthy people 59–82 y
old, considerably higher than the means of the 2 groups in
our study (see Table 2), but based on results with a bi-
modal distribution (black bars in Fig. 4a of their paper).21

This raises questions about inter-rater reliability as well as
about the behavioral nature of the RSST30 in a geriatric
population.

The RSST is a simple test developed in Japan and ap-
parently not used elsewhere. The AMR is used in lan-
guages other than Japanese, such as English,28 Dutch,29

and Thai,30 for problems related to dysarthria. In speakers
of English 74–86 y old, Pierce et al28 found normal AMR
of “ta” to be 6.4 � 1.08 times/s in men and 5.9 � 0.87
times/s in women. Hara et al27 found normal AMR of “ta”
in Japanese people �75 y old to be slightly lower, at
6.0 � 1.2 times/s in men and 5.4 � 1.2 times/s in
women. The AMR for enunciating “ta” has previously
been shown to decrease with age in healthy Japanese
people,27 and in our study, the incidence of subnormal
performance of the AMR was very low, unlike the
RSST30 (see Table 2).

So how is it that the AMR was significantly slower in
elderly people who had suffered from pneumonia in the
previous 5 y? As a test of articulation, the AMR has prin-
cipally been used to assess functional skill and speed of
tongue movement in patients with neuromuscular disor-
ders or ataxia.24,31,32 Low performance in the AMR has
been shown to be associated with dysphagia in patients
who have disorders of phonation or speech production.33

No link between AMR and swallowing function has hith-
erto been the focus of investigation, as far as we know, so
it is hard to posit a physiological explanation between
AMR performance and pneumonia. It is tempting, never-
theless, to make a conjecture considering the tongue move-
ment required to rapidly repeat “ta.” The tongue plays an
important role in swallowing by propelling the content to
be ingested with a push into the hard palate, a function
shown to be impaired in frail elderly people.32 Enunci-
ation of “ta” resembles the tongue thrust used in swal-
lowing, so performance on the AMR may have some
mechanistic relation with the ability to swallow prop-
erly. One may question whether our AMR findings may
fortuitously have been due to a type-1 error, the answer
to which can only be found if further work on this
subject is pursued.

This study is not without its limitations. The presence or
absence of pneumonia was judged entirely from self-re-
ports by the participants, with no validation or confirma-
tion from medical records. The elderly people in the sur-
vey were physically and mentally active enough to go out
to a gathering place to participate, so the sample may have
had a lower incidence of community-dwelling elderly vul-
nerable to catching pneumonia than the population it was
intended to represent. Looking at pneumonia retrospec-
tively in this study, not only may we have missed weaker
pneumonia subjects, but also we did not account for el-
derly people in the community who may have died of
pneumonia in the previous 5 y. Thus, a prospective study
with medical documentation might yield results different
from what we have found.

The scope of what we examined was also limited, not
including measures of immunocompetence, information
on swallowing difficulties during meals, detailed exami-
nation of swallowing, or a check for pathogens related to
pneumonia. Although we were concerned with accidental
aspiration during swallowing as a risk factor, not all cases
of pneumonia are due to aspiration. Aspiration itself is not
a sufficient condition to bring on pneumonia, since the
ability to cough out the aspired material, the bacterial con-
tent of the aspired material, immunocompetence, and yet
other factors play their respective roles in determining
whether pneumonia sets in.

We further have difficulty asserting that performance in
AMR has a definitive relationship with occurrence of dys-
phagia, because no such relationship appears to have been
investigated thus far on an a priori basis. We do, of course,
encourage such investigative work as a potentially worth-
while endeavor. Use of the monosyllable “ta” in the AMR by
Japanese subjects in our study might not quite be equivalent
to speakers of other languages attempting the same task, so
criterion values for the elderly used in this study may not
necessarily apply to native speakers of other languages.

Conclusions

Community-dwelling elderly people who had suffered
pneumonia within the previous 5 y appeared to have no
more difficulty with gross swallowing mechanics than other
people. They did, however, have slightly greater difficulty
than others in repeating the syllable “ta” as rapidly as
possible over 5 s. Linking this curious finding to history of
pneumonia is a matter of conjecture at this point, but it
does suggest something novel to investigate in considering
what constitutes being at risk for pneumonia.
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