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Background: The aim of this study is to construct a simple screening test for the risk of
falls in community-dwelling elder persons.

Methods: A total of 1378 community-dwelling people aged 65 years and older in five
different communities in Japan were asked to answer a self rated questionnaire including
22 items covering physical, cognitive, emotional and social aspects of functioning and
environmental factors, At a six-month follow-up, the outcome of fall occurrence and the
number of falls was ascertained by social workers, health visitors or nurses.

Results:  Five out of 22 items were selected using a logistic regression model. Using this
five-item version, a screening test was constructed, and at the best cut-off point, the sen-
sitivity and specificity were 68% and 70%, respectively. The validity of this scale was tested
on persons with cognitive dysfunction.

Conclusion: The simplicity and the predictive validity of the screening test support the

use of this test in health check ups or general outpatient facilities.
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Introduction

Falls are rated as the third leading cause of a bed-ridden
state and are among the principal causes of morbidity in
the elderly in Japan.! Previous studies evaluating the risk
factors for falls have used history of falls, results of phys-
ical performance tests? activity of daily living (ADL)*3
and balance and gait* as predictors.
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Early identification of falls risk is likely to result in
earlier implementation of interventions and to minimize
development of unwanted sequels such as reduced con-
fidence and activity levels.® :

In Japan, the Ministry of Health, Labour and Wel-
fare has put roughly 6000 local home care support
centers around Japan. The task of these centers,
according to Long-Term Care Insurance for the eld-
erly, includes screening of the elders at risk of devel-
oping disabilities, including risk for falls, In this
context, it is critical to develop a simple screening test
to adequately evaluate the risk of falls for each elderly
person.

The aim of this study is to evaluate predictive validity
of a simple questionnaire composed of 22 items, with
the intention of constructing a shortened version that
would be simple, but effective to assess the future
risk of falls during periodic health check-up or outpa-
tient visits.
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All elderly persons who participated in this research
gave written informed consent.

Methods

The initial 22-item questionnaire was constructed by
the Working Group of Fall Prevention commissioned
by the Japanese Ministry of Health, Labour and Welfare.
Knewn risk factors are transformed into comprehensi-
ble text for the elderly, as shown in Table 1. These items
were selected by studying both international and Japa-
nese research articles on fall risk factors.®

The interclass coefficient (ICC) of the one month
test-retest reproducibility study of the 22-item ques-
tionnaire score was satisfactory (ICC 0.74, 95% CI
0.46-0.89, n=21).

Individuals chosen for this study lived in five different
urban and rural communities and they were over
65 years old.

In cases where subjects had cognitive impairment or
difficulty answering, a family member acted as a proxy
to help answer the questionnaire.

The outcome of fall occurrence and the number of
falls were confirmed by social workers, health visitors or
nurses six months after baseline measurement. A fall

was defined as an unintentional change in position
resulting in coming to rest on the ground or other lower
positions.?

Statistical analysis was performed on subjects who
completed the questionnaire both at baseline and at six
month follow-up. One half of the subjects were ran-
domly selected, and the relationship between falls and
potential predictors was examined by 3 test for each
predictor separately (developing samples). Items that
achieved statistical significance of P < 0.05 were incor-
porated in the logistic regression analysis to identify
predictors. Then, the questionnaire items considered to
be associated with falls were selected using any falls as
an outcome variable, by forward stepwise selection by
the logistic regression model (P < 0.05).

The predictive power of the set of selected items,
adjusted by the odds ratio, was determined using the
area under the Receiver-Operating Characteristic (ROC)
curve (AUC) on the other half of the subjects as the val-
idating sample. Finally, the sensitivity and specificity of
the model were calculated to obtain the cut-off point.

To test the validity of the scale on persons with cog-
nitive dysfunction, different item functioning (DIF)
analysis was performed on subgroups with and without
cognitive dysfunction using the Rasch measurement

Table 1 The initial 22-item questionnaire constructed by the Working Group of Fall Prevention and commissioned

by the Japanese Ministry of Health, Labour and Welfare

Questionnaire items Answer (%)t Incidence P
of fall (%)*
Q1. History of fall within one year = yes 107 (16%) 54 (50%) P <0.0001
Q2. History of stumbling within one year = yes 288 (42%) 75 (42%) P<0.0001
Q3. Can you climb stairs without help? = no 261 (38%) 65 (25%) P=10.0001
Q4. Do you feel your walking speed declined recently? = yes 353 (51%) 76 (22%) P=0.0025
Q5. Can you cross the road within the green signal interval? = no 74 (11%) 25 (11%) P=0.0019
Q6. Can you walk 1 km continuously? =no 172 (25%) 46 (27%) P=10,0011
Q7. Can you stand on one foot for about five seconds? =no 180 (26%) 55 (31%) P <0.0001
Q8. Do you use cane when you walk? = yes 123 (18%) 43 (35%) P <0.0001
Q9. Can you squeeze the towel tightly? =no 80 (12%) 26 (33%) P=0.0026
Q10. Do you feel dizzy? = yes 151 (22%) 39 (26%) P=0.0076
Q11. Is your back bended? = yes 213 (31%) 62 (29%) P <0.0001
Q12. Do you have knee pain? =yes 264 (38%) 64 (24%) P =0.0005
Q13. Do you have a vision problem? =yes 292 (42%) 56 (19%) P=0.27%
Q14. Do you have a hearing problem? = yes 227 (33%) 48 (21%) P=0.0781
Q15. Do you think you are forgetful? = yes 332 (48%) 73 (22%) P=0.0020
Q16. Do you feel anxious to fall when you walk? = yes 226 (33%) 60 (27%) P=10.0001
Q17. Do you take more than five kinds of prescribed medicines? =yes 161 (23%) 39 (24%) P=0.0231
Q18. Do you feel dark walking within your home? = yes 54 (8%) 18 (33%) P=0.0124
Q19. Are there any obstacles within the house? = yes 87 (13%) 25 (29%) P=0.0181
Q20. Is there any level difference within your home? = yes 426 (62%) 79 (19%) P=0.1799
Q21. Do you have to use stairs in daily living? = yes 129 (19%) 23 (18%) P=0.7951
Q22. Do you walk steep slope around the house? = yes 202 (29%) 28 (14%) P=0.2517

¥The answers as indicated in the question raw. *The incidence of fall among the relevant answer.
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technique.””¥ Three hundred persons were randomly
selected to obtain adequate sample size for this
analysis.'®

In addition, results of the ROC curve were stratified
by the presence and absence of memory problem using
Q15 of the questionnaire to test the validity of the short
version on those with cognitive function problems.

Results

Of 1734 elderly, 1378 (79%) completed the guestion-
naire both at the baseline study and its six month fol-
low-up. The mean age of the subjects was 75.8 {(SD 6.8)
years, The number of elders by five research centers was,
1050, 104, 82, 81 and 61, respectively. At least one fall
had occurred in 208 elderly (15.1%) during the six
month follow-up period. Of these, 103 (50%) suffered
from multiple falls, ranging in number from 2 to 20.

Of eligible samples, 1026 elders provided information
regarding mobility, cognitive status and ADL regarding
eating and toileting. In mobility, no disability was seen
in 69.8% of them, while mild difficulty in climbing stairs
was present in 18.1%, and moderate or severe difficulty
required cane or wheel chair for moving around outside
in 12.1%.

In cognitive status, no memory disturbance was seen
in 62.8%, while mild and severe memory dysfunctions
were in 26.0% and 8.0%, respectively.

Regarding eating ADL, 93.4% showed no problem,
while 4.6% complained they had a mild problem, and
2.0% required assistance. Toileting related ADL was
intact in 89.0% of the elders while mild difficulty and
dependent status on toileting were seen in 6.0% and
5.0%, respectively, Although 8.3% of them were living
alone, 23.0% were with their spouse, and the rest were
with their children.

The samples were then divided into the developing
samples (n=689) and validating samples (n=689).
There was no statistical significance between these two
samples, in distribution of living areas, gender and
response pattern to the questionnaire items examined
by %* test (data not shown). The average age of the val-
idating samples (75.8) was not significantly different
from developing samples (75.7) by t-test.

Table 1 shows the predictors in relation to falls in
developing samples. The incidence of at least a single

fall and multiple falls were 108 {15.7%) and 55 (8.0%),
respectively. Gender did not achieve the statistical
significance to single fall (P= 0.05) and mulriple falls
(P= 0.15), respectively. Fallers were elder than non-
fallers (P < 0.01) with average age of 79.1 versus 75.8,
respectively.

Questionnaire itemns, except for Q13, Q14, Q20, Q21
and Q22, achieved statistical significance and were
entered into the regression model. Table 2 shows the
item selected by the stepwise logistic regression model.

Using the odds ratio at integer level as the weight of
these five items, we constructed a screening test whose
score ranged from 0 to 14, and the AUC was 74% (95%
Cl 69-79%) in the validating samples, as shown in
Figure 1. This was at the same level as the AUC of inidal
22 items score (72%:95% CI 67-79%)

The maximum sum of sensitivity and specificity
reached <6 (sensitivity 0.68, specificity 0.70) and <7
(sensitivity 0.67, specificity 0.71). If a cut-off score of <6
was applied, subjects identified as positive had a 27.9%
rate of falls (positive predictive value) compared with a
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Figure 1 The Receiver-Operating Characteristic (ROC) of
the five-item screening test to detect elderly persons at risk of
falling.

Table 2 Questionnaire items selected by the stepwise logistic regression model

Questionnaire item selected by step wise logistic regression model Qdds ratio 95%CI P
Q1. History of fall within one year = yes 4.5 (2.8-7.2) 0.00
Q4. Do you feel your walking speed declined recently? = yes 1.9 (1.0-3.6) 0.04
Q8. Do you use cane when you walk? = yes 1.8 (1.1-2.8) 0.02

Q11. Is your back bended? = yes 1.8 (1.1-2.8) 0.02

Q17. Do you take more than five kinds of prescribed medicines? = yes 1.7 (1.0-2.7) 0.03
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singie fall
multiple falls

Figure 2 The probability of single and multiple falls by score.

7.2% rate in negative individuals (negative predictive
power: 93%), with an odds ratio of 3.88 (95% CI 3.16~
4.75).

The sensitivity and specificity was 0.63 and 0,67,
respectively, for multiple falls. The positive and negative
predictive value at this cut off score for multiple falls was
0.12 and 0.96, respectively, with the odds ratio of 3.04.
Figure 2 illustrates the probability of fall by score levels.

On Rasch analysis of each item, some items did not fit
the Rasch Model (Q16, Q20, Q21 and Q22) and these
items were deleted for subsequent DIF analysis. Then
no item showed DIF on cognitive functioning after
Bonferroni adjustment (data not shown). After stratify-
ing the sample with Q185, the area under ROC curve was
0.74 (95% CI 0.66-0.82) and 0.74 (0.69-0.78) for with
and without cognitive dysfunction, respectively.

Discussion

Falls are considered as having multiple risk factors."
Previous epidemiological studies have identified the risk
for falls, for example, history of falls?31%1% activity of
daily living (ADL)2** cognitive and sensory func-
tion, % chronic conditions,™%" and medication
u_se'll&-“

Many studies tried to convert these risk factors for fall
risk screening.*** These screening tools for elders have
been developed for various care settings, including res-
idential,"*! intermediate® and inpatient care®™ as well
as for community.?*2

Initially, the authors selected a comprehensive ques-
tionnaire composed of 22 items that can be answered
by yes or no, and then selected several items that can be
applied for mass screening or in general practice
settings® because of the requirement of Japanese long-
term care insurance (LTCI) law.

The items selected by the logistic model in this study
were history of falls, walking speed, cane use, back
deformation and medication use. All of these items were
in concordance with the previous reports.

We also included environmental factors as part of the
questionnaire On comparison between fallers and non-
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fallers, environmental barriers such as level difference,
stair and slope were not identified as risk factors, indi-
cating the barrier recognized by the elders may not be
associated with falls. All other items, except for vision
problems were associated with incidence of falls.

The use of large prospective validating samples adds
strength to this study. In most similar studies, the pre-
dictive validity is tested only on the developmental sam-
ple of the tools, and thus the predictive performance in
a new sample is expected to be optimistic.’” Although
the predictive power on the development sample is usu-
ally high, the predictive power is usually lower in the
validating samples.® In addition, the sensitivity of the
scale is lower in the validating sample™ and only a few
studies use a large scale validating sample as was used in
this study.®

Finally, the AUC of the initial 22 items were at the
same level of the shortened five-item version. Therefore,
the shortened version is preferred for its simplicity. In
addition, the five-item scale was validated on the elderly
with and without problems of cognitive function.

In the process of item selection using the logistic
regression, inclusion criteria were P < 0.05, and exciu-
sion criteria were P> 0.10. This procedure resulted in
inclusion of items with weak association, such as Q4
and Q17. However, the adeguacy of including these two
irems was proved on the validating sample.

In validating samples, the negative predictive value
was 0.92 for single falls and 0.96 for multiple falls indi-
cating that those with negative result have very low risk
of falling in the next six months. This property of the
high negative predictive validity makes the use of the
screening test useful in mass screening.

History of fall was one of the most frequently reported
risk factor of falls®* Decline of walking speed was
captured with other questionnaire studies, as well as
by physiological measurement.**** Cane users and
kolioskiphosis might have relation to bone abnormali-
ties such as osteoporosis or arthritis.™ These Q4, Q8
and Q11 compose a spectrum of physiologic decline
referred to as frailty** The relationship between med-
ication use and falls can be explained by the effects of a
drug itself that might cause sensory and balance distur-
bance, and also decreased metabolism, which relates to
the loss of physioclogic and metabolic function, Medi-
cation review is a possible intervention to prevent falls.”

In conclusion, a simple screening tool for falls is con-
structed using a large scale developing and validating
sample. The scale constructed in this study is simple
and valid, Therefore, it can be used as a screening tool of
falls for communiry-dwelling elders.
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A Randomized Trial of Olfactory Stimulation Using Black Pepper
Oil in Older People with Swallowing Dysfunction

Takae Ebibara, MD, PhD,* Satoru Ebikara, MD, PhD,* Masahiro Maruyama, MD,*
Mitsuru Kobayashi, BS,? Azusa Itou, BS,’ Hiroyuki Arai, MD, PhD," and Hidetada Sasaki, MD, PhD*

OBJECTIVES: To determine the effect of olfactory stmu-
lation with volatile black pepper oil (BPO) on risk factors
for pneumonia.

DESIGN: A 1-month randomized, controlled study.

SETTING: Nursing homes in Japan that serve as long-term
care facilities for older residents whao are physically hand-
icapped, mainly because of cerebrovascular disease.

PARTICIPANTS: One hundred five poststroke residents.

MEASUREMENTS: Latency of the swallowing reflex
(LTSR), the number of swallowing movements, serum sub-
stance P (SP), and regional cerebral blood flow (rCBF).
RESULTS: Nasal inhalation of BPO for 1 minute short-
ened LTSR, compared with that of lavender oil and distilled
water (P <.03). Compared with the period before the study,
the 1-month intervention using BPO improved LTSR with
an increase of serum SP (P <.01). The number of swallow-
ing movements for 1 minute during the nasal inhalation of
BPO increased (P <.001). Multiple comparisons showed a
poststudy increase in rCBF within the insular correx
(P<.001). Compared with the prestudy rCBF, BPO inter-
vention increased rCBF in the right orbitofrontal and left
insular cortex (P <.001).

CONCLUSION: Inhalation of BPO, which can activate
the insular or orbitofrontal cortex, resulting in improve-
ment of the reflexive swallowing movement, might benefit
older poststroke patients with dysphagia regardless of their
level of consciousness or physical and mental status. ] Am
Geriatr Soc 54:1401-1406, 2006.

Key words: olfactory stimulation; elderly pneumonia;
swallowing reflex; swallowing movement; anterior insu-
lar cortex

From the Departments of *Geriatric and Respiratory Medicine and "Getiatric
and Complcmentlrr Medicine, Tohoku University School of Medicine,
Sendai, Japan; and 'Hikari Pharmacy and *Kansei Welfare Research Center,
Tohoku Welfare University, Sendai, Japan,

Address correspondence to Takae Ebihara, MD, PhD, Department of
Geriatric and Respiratory Medicine, Tohoku University School of Medicine,
Sendai, Japan 980-8574. E-mail: takae_Montreal@hotmail.com

DOI: 10.1111/j.1532-5415.2006.00840.x

Despitc the development of potent anumicrobial agents,
prneumonia is still a leading cause of death in older
people. Pneumonia in older people, especially those in
nursing homes, is largely related to aspiration, both macro
and micro, due to attenuation of the cough reflex and the
reflexible movement of swallowing, which are mediated via
substance P (SP).! Therefore, aspiration due to dysphagia
should be a main target of the strategy to prevent pneumo-
nia in older people. Intervention to remediate dysphagia in
older people has been mostly unsuccessful, because knowl-
edge of the etiology of dysphagia has been scant. Although
dysphagia has traditionally been associated with basal gan-
glia infarction, it has recently been reported thar dysfunc-
tion in the insular cortex plays a key role in dysphagia.**
Hypoperfusion of the insular cortex is closely related to
aspiration pneumonia.®

The insular cortex also plays a crucial role in apperite.
Hunger is associated with an increase in cerebral blood flow
in the insular cortex.® Moreover, appetite stimuli, whether
pharmacological or nonpharmacological, increase the
blood flow in the insular cortex.”:® Hence, it was speculat-
ed that a strong apperite stimulus for older people may elicit
recovery of the insular cortex function by restoring blood
flow there. The smell of black pepper oil (BPO) is one of the
strongest appetite stimuli in humans.? Therefore, enhance-
ment of the insular cortex may possibly be an intervention
strategy to improve swallowing in patients with dysphagia
and, ultimately, to prevent aspiration pnenmonia.

A randomized, controlled study was conducted to in-
vestigate the olfactory effect of volatile BPO on dysphagic
patients in nursing homes,

METHODS

A Randomized Prospective Trial with Olfactory
Stimulation

A randomized, controlled study was conducted from June
2001 ro March 2002 in nursing homes in Japan that serve as
long-term care facilities for older patients who are physi-
cally handicapped, mainly due to cerebrovascular disease.
To a large extent, they are dependent on the service of
caregivers for activities of daily living (ADLs). The criterion
for parient selection was that physical symproms and cog-
nitive impairment must have been stable for the preceding
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3 months. Exclusion criteria were refusal to participate,
unstable health conditions such as pyrexia or heart and
respiratory disease, and obvious sinus problems such as si-
nus infection or nasal congestion on the day of the exam-
ination. Before commencement of the study, 105 of 109
residents (25 men, 22 of whom were right-handed, and 84
women, 77 of whom were right-handed) met the entry cri-
teria. One of the 109 residents with chronic sinusitis, one
with a persistent cough, and two with pyrexia were ex-
cluded. Consequently, 105 eligible patients were randomi-
zed using a random-number table and allocated to one of
three groups—a BPO-treated group, a lavender oil (LO)-
treated group, and an odorless group—depending on nasal
inhalation of odorants: BPO, LO, or distilled water (Figure
1). Caregivers were blinded to the study purpose, assign-
ment group, and results ar baseline and at the conclusion of
the study. No other interventions occurred during the study
period. Of 105 eligible patients, 33 had a history of aspi-
ration pneumonia. In these 33 patients, single photon emis-
sion computed tomography (SPECT) scans within 1 month
before the intervention started were examined. Ten of these
33 patients were evenrually assigned to a BPO-treared
group by randomization procedure for the intervention, All
10 with a history of aspiration pneumonia in the BPO-
treated group were reevaluated using SPECT scanning at
the completion of the 1-month study.

The human institutional review board of Tohoku Uni-
versity approved the protocol before commencement of the
study. Individual informed consent was obrained from all
participants and their families before this study.

Intervention by Olfactory Stimulation

Before the study started, participants were assessed accord-
ing to individual ADL score, cognitive function, the ability
to identify smells, the swallowing reflex, and the cough re-
flex. Nasal inhalation of 100 pL of BPO or LO odorant
(Product No. T03218, Lot Ne.010902, Yamamoto Per-
fumery Co., Osaka, Japan) or distilled water was admin-
istrated to the nostrils with a paper stick. Caregivers
assisted with nasal inhalation of the nominated odorants by
participants for 1 minute immediately before each meal. At
the end of the 30-day study, the swallowing and cough re-
flexes were reassessed in each patient.

Assessment of ADL Score and Cognitive Function
Participants were assessed for seven ADL irems (walking,
ascending and descending stairs, feeding, dressing, toileting,
barhing, and grooming), as previously described.? Individ-
ual toral ADL score was calculated by adding the ADL
scores of all the items; totals ranged from 0 to 21. To assess
global cognitive function, the Mini-Mental State Examina-
tion (MMSE) was administered to provide a toral score
ranging from 0 to 30, with lower scores indicative of greater
cognitive impairment.'!

Olfactory Identification Test

Before commencement of this study, individual ability to
identify smells was assessed using a modification of the
University of Pennsylvania Smell Identification Test'? with
three representative odorants for stimuli: mint, cedar, and

108 Screened

4 sxcluded
1 suffered from chronic sinusitis|

1 with persistent coughing
2 suffered from pyrexia

105 eligible

Randomized

35 allocated to nasal inhalation

35 gllocated to nasal inhalation

35 allocated 1o nasal inhalation

| 34 examined

10 allocated to SPECT
examination

of black pepper oll of lavender oil of distilled water
) || 1 died 1 died .
1 moved 1 pneumonia

33 examined I

Figure 1. Study flow. SPECT =single photon emission computed tomography.



