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RIVASTIGMINE DERMAL PATCH SOLVES EATING
PROBLEMS IN AN INDIVIDUAL WITH ADVANCED
ALZHEIMER'’S DISEASE

To the Editor: Alzheimer’s disease (AD) is the most com-
mon progressive neurodegenerative disorder and a leading
cause of dementia in elderly adults.! In 2003, AD was the
fifth leading cause of death in individuals aged 65 and
older in the United States. The best current estimates indi-
cate that median survival after the onset of symptoms of
dementia ranges from 3 to 6 years, shorter than previously
estimated.? Swallowing dysfunction with or without aspi-
ration pneumonia is a major cause of morbidity and mor-
tality in individuals with end-stage AD.>* Herein is
reported an individual with advanced AD with swallowing
problems and recurrent pneumonias who was successfully
treated with a rivastigmine transdermal patch.

An 81-year-old woman was diagnosed with AD in
2005, manifesting as gradually progressive short-term
memory loss, with a sharper decline during the past
3 years despite vigorous treatment with donepezil.
Magnetic resonance imaging revealed brain atrophy,
especially in the hippocampus. She had repeated episodes
of aspiration pneumonia, malnutrition, dehydration, falls
and femoral neck fracture, and sarcopenia. In February
2011, she was hospitalized for recurrent aspiration pneu-
monia and unresponsiveness. On admission, she was
diagnosed as having AD according to the Functional
Assessment Staging Scale, spending the entire day in a
wheelchair, speaking only several words, and requiring
complete support for eating and toileting. She was suc-
cessfully treated using intravenous antibiotics and hydra-
tion. After pneumonia treatment, her oral intake was
poor, and she occasionally refused to eat. She was taking
just one or two spoonfuls of food or some juice. A bed-
side swallowing evaluation revealed mild oral dysphagia
with delayed swallowing latency (4.2 + 0.2 seconds).>*
Although a mechanically altered diet or nutritional sup-
plements were ordered, her weight declined from 42 to
35 kg, and she developed a pressure ulcer on her hip
over the next 3 months. It took a long time to hand feed
and deliver oral medications, but her son did not agree
to placement of a long-term feeding tube. In June 2011,
she was discharged home to be cared for by her son.
Her family physician and nurses provided intravenous

hydration three times a week. In October 2011, her fam-
ily physician decided to use a rivastigmine transdermal
patch (Rivastach patch) instcad of donepezil, and she
was titrated from an initial dose (4.5 mg in a 2.5-cm?
patch per day) to a maintenance dose (18 mg in a 10-
cm” patch per day) by 2.5 cm? at 4-week intervals over
16 weeks. At a dose of 9 mg (5 cm?) per day, her oral
intake improved dramatically, and she gained weight. A
bedside test revealed that her swallowing function had
improved and that the swallowing latency had shortened
(3.1 + 0.3 seconds).> Her unresponsiveness was partially
resolved, and the pressure ulcer resolved. Her clinical
condition has been maintained under treatment with riv-
astigmine patch until now (May 2012).

DISCUSSION

AD is characterized by progressive cholinergic failure with
an extensive loss of cholinergic neurons.” It has previously
been shown that cholinergic neurons might be involved in
the regulation of normal swallowing function,® indicating
that cholinergic dysfunction might impair swallowing reflex
in individuals with advanced AD.>® Acetylcholinesterase
(AChE) and butyrylcholinesterase (BuChE) can regulate the
action of acetylcholine in the human brain, and BuChE is
capable of compensating for low AChE activity.”® Thus
BuChE may become more important as AD progresses, and
there is growing evidence that BuChE, as well as AChE, is
a clinically relevant treatment target in AD.”® Rivastigmine
is the first approved transdermal patch for individuals with
AD and has a dual inhibitory action of AChE and Bu-
ChE.”® A clinical study demonstrated that rivastigmine
dose-dependently inhibited BuChE activity.” Rivastigmine
might therefore improve swallowing function by slowing
the degradation of acetylcholine in the cholinergic nervous
system in individuals with advanced AD.

CONCLUSION

In addition to a better tolerability profile than oral
rivastigmine, transdermal delivery may allow better deliv-
ery for individuals with AD with swallowing disorders.
Rivastigmine transdermal patch may enable individuals
with advanced AD with eating problems take meals orally.
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POTENTIAL EFFECT OF SCREENING FOR SUBTLE
COGNITIVE DEFICITS ON HOSPITAL READMISSION

To the Editor: Several conditions that significantly affect
functionality and independence may be subtle and go
unrecognized, potentially leading to nonadherence to
medical recommendations and readmission. Existing
risk-prediction models for hospital readmission have been
shown to perform poorly.! Studies suggest that unrecog-
nized cognitive deficits may exist after the illness that
necessitated the admission was successfully treated, result-
ing in an unappreciated risk for readmission.

The risk of cognitive impairment increases with age and
is amplified with hospitalization resulting in significant mor-
bidity.? The frequency of cognitive impairment ranges from
15% to 35% in hospitalized elderly adults on general medi-
cine services but may be even higher.® Identifying vulnerable

individuals with cognitive deficits at the time of hospital
admission is critical to prevent, establish a diagnosis of, and
treat delirium.* Cognitive impairment is also associated with
depression in late life and correlates with poorer quality of
life and greater healthcare use.® Identification of subtle cog-
nitive deficits can prove to be challenging, because many
cognitively impaired individuals with intact language and
memory can be perceived to be functionally independent.
Executive cognitive functions are cognitive processes that
orchestrate complex, goal-directed actions.® Impairment of
the former undermines an individual’s independence by
interfering with the direction, planning, execution, and
supervision of complex behavior. Screening individuals for
obscured cognitive impairment at the time of hospital dis-
charge could be the first step in early identification of mild to
moderate cognitive impairment and allow for interventions
to reduce related disability and avoidable readmissions.

This study examined subtle cognitive deficits that often
go undetected in association with delirium, depression, and
executive dysfunction. Individuals aged 65 and older
admitted with diagnoses of congestive heart failure, exacer-
bation of chronic obstructive pulmonary disease, pneumo-
nia, or myocardial infarction regardless of motor deficits
were included. Exclusion criteria were admission from a
skilled nursing or assisted living facility, medical history of
dementia or cognitive impairment, English as a secondary
language, and an education level less than high school.

A trained nurse screened older patients on Day 2 or 3
of admission. All individuals were screened for delirium
using the Confusion Assessment Method,” instrumental
activities of daily living using Lawton’s scale, executive
dysfunction using the Controlled Oral Word Association
Test, and the oral version of the Trail-Making Test Part B.
Depression screening was performed using the Patient
Health Questionnaire. The comparison (control) group
consisted of age-matched elective surgical postoperative
patients without a diagnosis of dementia or the aforemen-
tioned four diagnoses and not admitted from a nursing or
assisted living facility.

The study sample consisted of 43 cases and 27
controls. Rates of delirium, depression, and executive dys-
function were 15.2%, 19.6%, and 83.7%, respectively, in
the study group and 7.7%, 0%, and 50%, respectively, in
the control group. Rate of readmission within 1 calendar
year was evaluated; 21 of the 23 (91.3%) readmitted cases
and three of the five (60%) readmitted controls tested
positive for executive dysfunction (P < .05).

It was possible to identify a large prevalence of
executive dysfunction in a population at high risk for
readmission. Screening older patients, in particular those
with underlying diagnoses known to have a high risk for
readmission for subtle cognitive deficits, may help to direct
interventions and the allocation of limited resources to
improve healthcare outcomes, including prevention of
readmission.

Institutional review board approval for this quality
improvement study was obtained from Greenwich Hospi-
tal, Yale New Haven Health.

Steven Buslovich, MD, MS
Department of Internal Medicine, Greemwich Hospital
Yale New Haven Health, Greenwich, Connecticut
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Aim: We prospectively studied survival periods after tube feeding.

Methods:

Participants were 163 bedridden older patients suffering from dysphagia.

Results: A wide range of survival periods after tube feeding were observed within half a
year without tube feeding after being bedridden. After this initial period, survival periods
after tube feeding were limited to approximately half a year. Survival periods after tube
feeding were positively proportional to the length of time patients were free from pneu-
monia after tube feeding. After tube feeding, patients died from pneumonia within half a
year, and the frequency of pneumonia was 3.1 £ 2.7 times (mean * SD) before death.

Conclusion: Survival periods after tube feeding for less than 1 year were primarily
determined by being bedridden for more than half a year without tube feeding and once
pneumonia occurred; patients who were tube fed did not survive for more than half a year.

Geriatr Gerontol Int 2012; 12: 317-321.

Keywords: bedridden, dysphagia, frail older patients, terminal medicine, tube feeding,

Introduction

A rapid increase in the number of frail older patients in
Japan forces us to confront the serious decision of
whether or not to treat frail older patients with feeding
tubes in the terminal stage.! In Japan, as a result of a
combination of strong family emotions, religion, social
traditions and public opinion, it is very common to
place feeding tubes when patients are suffering from
serious dysphagia. Kosaka et al. surveyed families who
cared for bedridden older patients in the terminal stage
as to whether the families would choose a feeding tube
or not to treat patients with dysphagia.* As a result,
approximately 90% of families caring for such patients
refused the option of feeding tubes if the patients suf-
fered from dysphagia. After receiving informed consent
by explaining that approximately 90% of families had

Accepted for publication 29 November 2011.

Correspondence: Professor Hidetada Sasaki MD, Sendai
Timizawa Hospital, 11-4 Terashiro, Tomizawa, Taihaku-ku,
Sendai 982-0032, Japan. Email: hsasakihide@yahoo.co.jp

© 2012 Japan Geriatrics Society

denied feeding tubes, the proportion of feeding tubes
for bedridden older patients in the terminal stage
decreased by half?

In either case of refusing or accepting the option of
feeding tubes, families wanted to know the prognosis
after tube feeding. There have been conflicting reports
on the clinical benefit of tube feeding for patients with
dementia.*® However, the situation of terminal care in
Japan is quite different from Western countries. So far,
there have been no studies on the survival period and
factors that determine survival periods after tube feeding
in Japan. Families might make a reasonable decision on
the option of feeding tubes if the prognosis after tube
feeding was explained. In the present study, survival
periods after tube feeding and factors that determine
survival periods in 163 bedridden older patients suffer-
ing from dysphagia were prospectively analyzed for as
long as 7 years.

Methods

Eligible bedridden older patients were aged >65 years
and were terminal patients who required tube feeding,
because they had developed difficulty maintaining

doi: 10.1111/5.1447-0594.2011.00805 .x | 317
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Table 1 Primary diagnosis for patients who
underwent feeding tubes

Cerebrovascular disease No. patients

Acute stroke 46
CVD without acute stroke
Degenerative disorder
Alzheimer’s disease 2
Parkinsonism
Others
Traumatic brain damage
Infections diseases
Hypoxic brain damage
Others
Congestive heart failure
Postoperation
Bone fracture
Debility
Epilepsy
Ileus
Total 163

W
W N = 00 N}

CVD: cerebrovascular disease.

adequate nutrition orally, and their cognitive function
was extremely poor and not improving. Bedridden older
patients were patients who suffered three to six limita-
tions of the activities of daily living (ADL), including
eating, getting in-and out of a bed or chair, getting
around inside the home, dressing, bathing, and using
the toilet.® Patients stayed in a long-term care facility for
several reasons, including physical and mental disabili-
ties as a result of cerebral strokes and/or neurodegen-
erative diseases, and at the request of the patients’
families. Primary diagnosis for patients who underwent
feeding tubes is shown in Table 1. The clinical condi-
tions of these patients continued to deteriorate to the
point where they did not have any conscious awareness,
although they occasionally opened their eyes and
expressed voices. However, the eye movements and
voices they expressed were not discernible. With the
consent of team staff, including nurses and caregivers,
we took informed consent from patients’ families to
accept the option of feeding tubes. For the purpose of
the present study, we excluded patients who had meta-
static cancer who were or were not receiving cancer
therapy (n=7), because cancer itself limits survival
period. Patients with brain stem infarcts were also
excluded from the present study (n = 1), because brain
stem lesions usually lead to difficulties in swallowing
and are therefore known to be a potential risk for pneu-
monia. All other patients with well-documented cere-
bral hemisphere stroke were included.

We prospectively followed up 163 patients in
the terminal stage with dysphagia (80.9 £ 7.9 years,

318 |

Table 2 Direct cause of death

Diagnosis No. patients (%)
Pneumonia 111
Other infections 17
Decrepitude 16
Heart disease 8

Renal disease 3
Malignant tumor 3
Bleeding of digestive organ 1
Cerebrovascular disease 1
Others 3
Total 163

mean * SD): 77 women (83.0 £ 7.5 years, mean * SD)
and 86 men (79.0 £ 7.5 years, mean * SD) who were
bedridden at Hikarigaoka Sperman Hospital, a geriatric
long-term care facility in Sendai City, Japan. Eligible
patients were followed up from 1999 to 2007, and
examined for frequency of tube feeding and incidence
of pneumonia or other infections, such as urinary infec-
tion, decubitus and other episodes. Criteria for diagnosis
of pneumonia were: (i) a new pulmonary infiltrate seen
on a chest radiograph; and (i) one of the following
features: cough, and temperature greater than 37.8°C or
subjective dyspnea.” Antibiotics and hydrations were
medicated for treating pneumonia following the clinical
standard. The protocol adhered to the recommendation
of the declaration of Helsinki for Human Experimenta-
tion (World Medical Association, 2000). Informed
consent was taken in every patient at the entrance of the
study.

Tube feeding was placed through percutaneous
endoscopic gastric tube (PEG). After consensus with
families, nasogastric tubes were initially placed in 23
patients, but nasogastric tubes were substituted with
PEG when tube feeding was prolonged by more than
2 weeks. We included both patients with PEG and naso-
gastric tubes for 2 weeks, followed by PEG together
in the following analysis. Survival periods after tube
feeding correlated with the duration without tube
feeding after being bedridden and the duration free from
pneumonia after tube feeding. Data are expressed as
mean * SD. An analysis of variance (ANOVA) was carried
out to correlate survival periods and was followed by the
least significant deference test for multiple comparisons.
A P-value less than 0.05 was considered statistically
significant.

Results

Direct causes of death are shown in Table 2. Pneumo-
nia was the most frequent cause of death. The average

© 2012 Japan Geriatrics Society
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Survival period after tube feeding

730 —

365 —

Survival period after tube feeding (days)

0 L ‘ | ‘ 1 l
0 365 730 1095

Duration without tube feeding after bedridden (days)

Figure 1 Average survival periods after tube feeding after
half a year without tube feeding after being bedridden were
significantly shorter than that before half a year (P < 0.01).
Survival periods after tube feeding more than 3 years
without tube feeding after being bedridden are summarized.

survival period after tube feeding was 377 + 35 days.
The average survival period after tube feeding was
more than one and half a years within half a year
without tube feeding after being bedridden (Fig. 1).
Average survival periods after tube feeding were
approximately half a year or less after half a year
without tube feeding after being bedridden. Survival
periods after tube feeding (y) were positively propor-
tional to length of time free from pneumonia after
tube feeding (x) as y=1.01x+ 162 (P <0.001; Fig. 2).
Average survival periods after pneumonia were
156 +16 days. A total of 104 patients suffered from
pneumonia before tube feeding, whereas 59 patients
did not suffer from pneumonia before tube feeding. A
previous history of pneumonia before tube feeding sig-
nificantly shortened survival periods after tube feeding
(279 + 34 days) compared with patients without a pre-
vious history of pneumonia (554 + 70 days; P < 0.001).
After tube feeding, there were no significant differ-
ences in survival period after pneumonia between
patients with and without a previous history of pneu-
monia before tube feeding, and both patients with and
without a previous history of pneumonia are included
in Figure 2. Frequencies of pneumonia after tube
feeding averaged 3.1 + 2.7 (mean + SD) times and were
independent of period after tube feeding. As the
average survival period after tube feeding was approxi-
mately 1 year, the relative impact for a survival period
less than 1 year (where less than 1 year and more than
1 year corresponded to 0 and 1, respectively) versus

© 2012 Japan Geriatrics Society
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Figure 2 Survival period after tube feeding (y) was
proportional to duration free from pneumonia after tube
feeding (x), as y = 1.01x + 162 (P < 0.001).

sex, age, primary diagnosis for patients, previous
history of pneumonia before tube feeding, urinary
infection, decubitus and duration of being bedridden
of more than half a year without tube feeding were
assessed using multiple logistic regression (where sexes
of male and female corresponded to 0 and 1, ages
more than 80 years and less than 80 years corre-
sponded to 0 and 1, primary diagnosis of patients of
cerebrovascular diseases and the others corresponded
to 0 and 1, positive and negative previous history of
pneumonia before tube feeding corresponded to 0 and
1, positive and negative urinary infection corresponded
to 0 and 1, positive and negative decubitus corre-
sponded to 0 and 1, and duration of being bedridden
of more than half a year without tube feeding and less
than half a year corresponded to 0 and 1, respectively).
Multiple logistic regression of the relationship between
survival period after tube feeding less than one year
and duration of being bedridden of more than half a
year without tube feeding was significant (odds
ratio = 8.4; 95% CI 2.3-30.5, P < 0.001), and was not
significant for other factors.

Discussion

In the present study, it was suggested that after being
bedridden for more than a half year, feeding tubes could
prolong the survival period by only half a year. For
patients suffering from pneumonia after tube feeding,
the average survival period was shorter than half a year,
during which the patients suffered from frequent pneu-
monia and died. There have been contradictory reports

| 319
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on the effect of tube feeding on the prevention of pneu-
monia. Survival after tube feeding was variable and sur-
vival was over a year in many of the patients.® In
contrast, Murphy and Lipman suggested no survival
benefit in patients with dementia who received artificial
feeding by percutaneous endoscopic gastrostomy.’
Tokunaga et al. suggested that a feeding tube neither
reduces aspiration pneumonia nor improves survival
in patients with a history of pneumonia.’ Finucane
etal.* reviewed whether tube feeding in patients with
advanced dementia can prevent aspiration pneumonia,
prolong survival, reduce the risk of pressure sores or
infections, improve function, or provide palliation.
They found no evidence to suggest that tube feeding
improves any of these clinically important outcomes.
Furthermore, the risk was substantial. They suggested
that the widespread practice of tube feeding should
be carefully reconsidered, and for severely demented
patients the practice should be discouraged on clinical
grounds. In patients aged more than 80 years, the ratio
of aspiration pneumonia was approximately 90%
in hospitalized pneumonia.” Nakajoh et al. found that
tube feeding might be beneficial in patients with dysph-
agia, but when protective reflexes of aspiration, such as
swallowing and cough reflexes, were degraded beyond
certain thresholds, tube feeding could not prevent
pneumonia anymore.”” In the present study, we
observed that pneumonia determined the survival
period after tube feeding. It is likely that once pneumo-
nia had developed under tube feeding, as a result
of severely impaired protective reflexes of aspiration
beyond certain thresholds, tube feeding was no longer
effective to prevent pneumonia’'*'s.

The prevalence of tube feeding has not been consis-
tently reported.’ According to the Ministry of Health
and Welfare statistics in Japan in 2008, approximately
70 000 patients were tube fed per year. Of the 70 000
patients, more than 60 000 frail older patients were
tube fed. The difference in the acceptance of tube
feeding between the reality of being tube fed and the
thought of rejecting tube feeding might be a result of
Japanese morals. Japanese families find it hard to
accept death, even in patients who have severely
impaired cognition, no will and who are bed bound."”
Rejecting tube feeding in approximately 90% of the
families caring for these terminal patients might
decrease tube feeding by half.® Onishi er al.'® reported
that approximately half of families were satisfied with
gastrostomy tube feeding. The quality of informed
consent for placement of the gastrostomy tube was
inadequate in a large community-teaching hospital."
The present prognostic date might support the options
to be decided by families as to whether or not to allow
tube feeding. The present study might be important in
constructing a medical consensus of life-extending care
in terminally ill older patients.*
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Relationship between oral bacteria count and pneumonia
onset in elderly nursing home residents

Takeshi Kikutani,'* Fumiyo Tamura,’ Haruki Tashiro,? Mitsuyoshi Yoshida,® Kiyoshi Konishi* and
Ryo Hamada®

Division of Clinical Oral Rehabilitation, The Nippon Dental University Graduate School of Life Dentistry at Tokyo, *Depariment of
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Disorders, Nippon Dental University Tama Oral Rehabilitation Clinic, *Dental Department, Hiroshima City General Rehabilitation Center,
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Aim: Oral bacteria, which are a source of infection for aspiration pneumonia, were examined in frail older adults
with the aim of establishing a standard bacteria count that indicates the risk of pneumonia onset in this group.

Methods: A survey of bacteria count in the saliva using a simple instrument for measurement of the number of oral
bacteria, along with factors including swallowing function and nutritional status, was carried out in 691 elderly
individuals requiring care (137 men; mean age 82.6 * 8.3 years; 554 women; mean age 88.0 * 7.1 years; total mean age
86.7 £ 7.8 years) at 16 nursing homes in Japan. All participants gave their consent for inclusion in the present study.
During a 6-month follow-up period, participants who developed pneumonia were identified, and relationships
between the factors measured at the start of the period and pneumonia onset were examined.

Results: During the 6-month follow-up period, 33 participants (4.8%; 5 men, 28 women; mean age
88.3 * 7.4 years) developed pneumonia. Pneumonia onset was significantly associated with reduced activities of daily
living, swallowing dysfunction and undernourishment. Logistic regression analysis identified a saliva bacteria count
of 10%3 colony-forming units/mL as an independent explanatory factor for pneumonia onset (P = 0.012, RR = 3.759).

Conclusions: Oral bacteria count of 10%° colony-forming units/mL saliva in an elderly person requiring care was
identified as a risk factor for pneumonia onset. Geriatr Gerontol Int 2015; 15: 417-421.

Keywords: aspiration pneumonia, oral bacteria count, oral health care.

Introduction

Older adults are known to have a high incidence of
aspiration pneumonia, and this is believed to be asso-
ciated with intraoral bacteria infection.! Many bacteria
that are specific causative agents of pneumonia are
present in the oral cavity,” and it is difficult to selec-
tively reduce the number of pneumonia-causing bac-
teria. Oral care can lead to favorable changes in the
composition and abundance of oral bacteria,** and it
has been reported that specialist oral care can reduce
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the number of days of fever and the frequency of
pneumonia onset,*® as well as reduce the mortality rate
from pneumonia.’

Terpenning et al. discussed the economic effective-
ness of carrying out oral care in these cases, and also
calculated the cost of oral care in terms of human
resources.® They found that oral care is highly effective.
We determined the oral bacteria count in older adults
requiring care using a simple instrument recently devel-
oped for the measurement of the number of oral bac-
teria,”'® and investigated the relationship between the
oral bacteria count and subsequent pneumonia onset.
We then used these findings to identify individuals at
high risk of pneumonia onset. We expect that this type
of screening program will enable the implementation of
intensive oral care for high-risk individuals and will
contribute to the prevention of aspiration pneumonia
onset, which is significant from the perspective of
medical economics.

doi: 10.1111/ggi. 12286 | 417
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The present study focused on the number of oral
bacteria, which are a source of infection in aspiration
pneumonia, with the aim of establishing a standard oral
bacteria count for assessing the risk of pneumonia
onset.

Methods

Participants

The survey was carried out in 691 older adults
requiring care (137 men; mean age 82.6 + 8.3 years; 554
women; mean age 88.0%7.1 years; total mean age
86.7 £ 7.8 years) at 16 nursing homes in Japan who gave
their consent to participate in the present study. We
explained the purpose and procedure of the study to the
participants both orally and in writing, and we obtained
written informed consent from all participants or their
families. The study was approved by the ethics commit-
tee of The Nippon Dental University, School of Life
Dentistry at Tokyo.

Bacteria count

Oral bacteria count was determined using saliva col-
lected from the sublingual area within 30 min of
waking. To obtain a specimen, we rinsed a cotton swab
in saliva in the floor of the oral cavity for 10 s. Partici-
pants were not permitted to eat or drink between waking
and saliva collection. Bacteria were enumerated using a
simple instrument for the measurement of the number
of oral bacteria developed by Hamada efal’ and
Kikutani et al.,'® and counts were stratified into the fol-
lowing categories (colony-forming units [CFUJ]/mL):
<10%%; 210%° to <107 2107 to <107%; 2107 to <10%; 210*
to <10%%; 210** to <10% and 210°.

Comorbidities

Comorbidities in participants were determined from
medical records.

Swallowing disorders

Swallowing disorders were defined as being present in
cases where choking or accidental aspiration were
present, as well as in cases exhibiting a gargling sound
on auscultation of the neck region' after swallowing
3 mL of water.

Nutritional status

Nutritional status of participants was determined by
calculating body mass index (BMI) from height
and weight. BMI<18.5 was considered to show
undernourishment.

418 |

Xerostomia

The presence or absence of xerostomia was assessed
according to the following categories reported by
Kakinoki ef al.: dry, mildly dry, wet (normal) and wet
(high)." Dry and mildly dry categories indicate the pres-
ence of xerostomia.

Activities of daily living

Evaluation of activities of daily living was carried out
using the Barthel Index 1."

Survey of aspiration pneumonia

The follow-up period was 6 months, and onset of aspi-
ration pneumonia during this period was assessed.
Pneumonia was diagnosed by each participant’s primary
physician. Criteria for diagnosis of pneumonia were a
new pulmonary infiltrate seen on a chest radiograph and
one of the following features: cough, temperature
greater than 37.5°C or subjective dyspnea.

Statistical analysis

The y*-test was used to assess the relationship between
pneumonia onset and various factors, and to test the
cut-off point for bacteria count with respect to pneu-
monia onset. In addition, onset and bacteria count were
analyzed using multiple logistic regression analysis to
identify statistically significant levels.

Statistical analysis was carried out using PASW Statis-
tics 18 (IBM, Tokyo, Japan) with a 95% significance
level.

Results

Onset of pneumonia

A total of 33 participants (4.8%; 5 men, 28 women;
mean age 88.3+t7.4years) developed pneumonia
during the 6-month follow-up period. No differences in
distribution as a result of sex or age were observed. The
Barthel Index was significantly lower among partici-
pants who developed pneumonia (pneumonia group;
14.71 £ 24.65) than among those of who did not (non-
pneumonia group; 33.46 +27.95; P = 0.007). The pro-
portion of participants with malnourishment was
greater in the pneumonia group (40.7%) than in the
non-pneumonia group (31.4%; P = 0.2). Dysphagia was
also significantly more common in the pneumonia
group (56.3%) than in the non-pneumonia group
(39.0%; P = 0.04). No significant differences were found
between the two groups with respect to the incidence of
comorbidities, with the exception of heart disease and
dementia (Table 1).

© 2014 Japan Geriatrics Society
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Table 1 Pneumonia onset and baseline characteristics

Pneumonia (+) Pneumonia (-) P-value
Total % of men 15.0 20.4 0.40
Age (years) 88.36 £7.47 86.63 £7.81 0.31
Barthel Index score 14.71 £ 24.65 33.46 £ 27.95 0.007
Nutritional status (% malnourished) 40.7 31.4 0.20
Presence of swallowing disorder (%) 56.3 39 0.04
Presence of xerostomia (%) 43.8 34.7 0.193
Presence of cerebrovascular disease (%) 39.3 47.9 0.242
Presence of ischemic heart disease (%) 42.9 22.3 0.02
Presence of hypertension (%) 46.4 38.9 0.271
Presence of diabetes mellitus (%) 10.7 15.36 0.353
Presence of dementia (%) 78.6 58.7 0.026

Data are expressed as mean + standard deviation.

Table 2 Relationship between pneumonia onset and
bacteria count

Bacteria count, Pneumonia Pneumonia  Total
log (CFU mL-1) (#) =)

<6.5 2 39 41
>6.5—<7 1 29 30
>7-<7.5 6 114 120
>7.5-<8 5 218 223
>8-—<8.5 10 165 175
>8.5-<9 7 70 77
>9 .2 23 25
Total 33 658 691

CFU, colony-forming unit.

Setting the cut-off point

Table 2 shows the relationship between pneumonia
onset and bacteria count category. In order to identify
an index for carrying out specialist oral care, the follow-
ing oral bacteria count cut-off points were considered
(CFU/mL): 21075, 108, 10%° and 10°. The models with
>10® CFU/mL and 210%° CFU/mL as cut-off points
showed significant differences in the incidence of pneu-
monia (210% CFU/mL: RR=1.052, 95% CI 0.988-
1.120, P = 0.041; 210%° CFU/mL: RR = 1.037, 95% CI
1.000-1.076, P = 0.029; Table 3).

Logistic regression analysis

A logistic regression model was used to examine
whether an established cut-off value for oral bacteria
count could be a factor in predicting pneumonia onset.
The correlation matrix for the tested factors is shown in
Table 4. As the Barthel Index showed a significant cor-
relation with bacteria count, it was excluded from the
logistic regression analysis to avoid multicollinearity.

© 2014 Japan Geriatrics Society

Oral bacteria count >10%° CFU/mL was an independent
explanatory factor for pneumonia onset (P=0.012,
RR =3.759, 95% CI 1.332-10.611; Table 5).

Discussion

Aspiration pneumonia develops when pathogenic bac-
teria are drawn from the oral cavity or pharynx into the
trachea during respiration.! Aspiration of bacteria in
oropharyngeal secretions is considered to be a major
risk factor for nosocomial pneumonia in older
adults;'*'* therefore, poor oral hygiene is thought to be
an important cause of pneumonia. Oral bacteria count
can be reduced through specialist oral care.’* In a
random intervention study at a nursing home, the
incidence of pneumonia was reduced through oral
care intervention.>” Abe et al. identified a relationship
between saliva bacteria count and visual evaluation of
tongue coating and dental plaque, as well as a relation-
ship between the results of visual evaluation and pneu-
monia onset.'®" It has been reported that, as a result of
the wide varieties of weak pathogenic bacteria that can
cause aspiration pneumonia, bacteria count is a more
important indicator than bacterial type or species in the
prevention of aspiration pneumonia.’® As bacteria count
is likely to be a useful parameter for evaluating the risk
of aspiration pneumonia, saliva bacteria count was used
as an indicator of the oral environment in the present
study.

The mechanism of aspiration pneumonia onset
involves not only bacteria as the source of infection, but
also includes aspiration as the route of infection and
undernourishment as a factor in the status of the
infected host.!” Specifically, swallowing function plays a
significant role in the onset of aspiration pneumonia,?*!
and the need to evaluate swallowing function in the
prevention of aspiration pneumonia has often been
reported. Teramoto et al. described the “swallowing
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Table 3 Relationship between pneumonia onset and cut-off point

Bacteria count (log) Pneumonia (+) Pneumonia (-) P-value RR Lower Upper
Model 1 27.5 72.7% 72.3% 0.57 1.001 0.964 1.039
Model 2 =8 57.6% 39.2% 0.029 1.037 1 1.076
Model 3 =28.5 27.3% 14.1% 0.041 1.052 0.988 1.12
Model 4 =9 6.1% 3.5% 0.338 1.036 0.922 1.165
RR, relative risk.
Table 4 Correlation matrix for tested factors
Bacteria count Barthel Age Nutritional Swallowing
category Index status disorder
Bacteria count category Correlation 1.000 -0.146 -0.019 -0.069 -0.035
P-value 0.001 0.676 0.093 0.369
Barthel Index Correlation -0.146 1.000 -0.125 0.167 -0.360
P-value 0.001 0.009 0.000 0.000
Age Correlation -0.019 -0.125 1.000 0.003 -0.037
P-value 0.676 0.009 0.948 0.421
Nutritional status Correlation -0.069 0.167 0.003 1.000 -0.112
P-value 0.093 0.000 0.948 0.006
Swallowing disorder Correlation -0.035 -0.360 -0.037 -0.112 1.000
P-value 0.369 0.000 0.421 0.006

Table 5 Logistic regression analysis of independent predictors for pneumonia onset

B SE P-value  Relative risk (95% confidence interval)
Sex (reference, male) -0.288 0.672 0.688 0.750 0.201-2.800
Age ~0.020 0.034 0.552 0.980 0.980-1.047
Nutritional status (reference, malnourished) 0.211  0.520 0.685 1.235 0.445-3.424
Swallowing disorder (reference, presence) -0.362 0.492 0.462 0.696 0.265-1.827
Bacteria count category (reference, <log 8.5) 1.324  0.529 0.012 3.759 1.322-10.611

provocation test” and the “simple swallowing provoca-
tion test” as effective methods for testing swallowing
function in the prediction of aspiration pneumonia
onset.? Poor nutritional status is associated with
reduced immune function, and has been identified as a
cause of various infectious diseases in older adults.?**

Few reports on the relationship between pneumonia
onset and oral bacteria have taken swallowing function
and nutritional status into account, and these studies
were limited to univariate analysis® or the addition of
variables, such as the presence of periodontal disease or
tooth decay and the use of artificial teeth.’* The
present study included swallowing function and nutri-
tional status in the evaluation of pneumonia onset risk,
and used multivariate analysis to determine a cut-off
point at which oral bacteria count alone increases the
risk of pneumonia.

420 |

A limitation of the present study was the use of a
prospective cohort. Future studies should include oral
care interventions in older adults with various oral bac-
teria counts in order to investigate whether reducing the
oral bacteria count to a set level is effective in reducing
the incidence of pneumonia. We set the observation
period for 6 months in the present study. The reason
why the follow-up period was 6 months in the present
study was that the previous study reported that oral care
intervention for approximately 6 months was required
for significantly decreasing the number of oropharyn-
geal bacteria.”” In this regard, in cases of prolongation of
oral care intervention, there is a possibility of producing
different results.

In the present study, pneumonia onset was observed
for all bacteria count categories, suggesting that con-
trolling oral bacteria might not completely prevent

© 2014 Japan Geriatrics Society
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pneumonia onset; however, the presence of oral bacte-
ria in saliva at a level of 10%° CFU/mL or higher in an
older adult was identified as a risk factor for pneumonia
onset in the present study.
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