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

7.2% rate in negative individuals (negative predictive
power: 93%), with an odds ratic of 3.88 (55% 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 Q15, 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,****™ activity of
daily living (ADL)**" cognitive and sensory func-
tion,>*?¥ chronic conditions,**'*Y and medication
US€.3'16_19

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.***

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 imass 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 versiorn. 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 exclu-
sion criteria were P> 0.10. This procedure resulted in
inclusion of items with weak association, such as Q4
and Q17. However, the adequacy of including these two
items 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 physiologic and metabolic function. Medi-
cation review is a possible intervention to prevent fails.”’

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 community-dwelling elders.
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52 EBEERHOEINEFERERE -1 OREE  BEFHMOME - 40 - MERS - BERVFEEE O L
R 2 i IoRER BREE SEHE
wEE  E=& G 79.4+ 4.9 77.9+ 4.4 77.2+ 3.8 <0.001 EE, 10<ELK
ZE (cm) 147.4+ 5.1 147.5+ 5.5 148.4% 5.1 0.085
#HE (k) 48.8+ 8.0 497+ 7.9 49.1+ 7.4 0.554
BMI (kg/m?) 22 4+ 3.3 22.8% 3.3 22.3% 3.2 0.221
“=h EH (kg 16.1% 4.4 17.0+ 4.4 18.2+ 3.9 <0001  EE>1D, B
BESHTEE (m/sec) 1.0 0.3 1.1+ 0.3 1.9% 0.2 <0.001  EE>1O>EHK
BERBPEE (m/sec) 1.6% 0.4 1.7% 0.4 1.8x% 0.4 <0.001  EE>1O>EH
Ty VI3 —F (cm) 31.3% 6.0 32.5+ 5.9 33.2+ 5.3 0.017 EE>SEL
R (kgm) 48.0£14.3 52.1%17.0 53.1+£16.4 0.010 EE>HER
BRAREL &) 95.7422.9 35.1%+923.5 36.8+22.7 <0.001 EE, 10o>8
myE BalUVAFO—V (mg/d) 208.3+36.8 212.5+392.5 218.8+33.1 0.015 EE>ER
HDL 2 A7 —)V (mg/dl) 68.4+17.3 68.1+16.1 69.9%17.4 0.412
mE7V73Iv (g/d) , 4.3% 0.2 4.4% 0.2 44+ 0.2 0.066
HE ERESCFME (%) BET 716 71.9 84.5 <0.001 EE>1-, I
B B5
EERRYIR AIR0EHEE (%) 1 75.5 75.7 76.9 0.927
HERER (%) ) 88.2 79.1 81.5 0.129
SERME (%) 5 77.5 62.4 52.1 <0.001 EBE<1oO<EE
SRR D HEL (%) = 17.7 17.3 2.5 <0.001 BE <12, BEH
wis ) (%) EHS  89.2 95.1 95.7 0.040 EE, 10>8K
i\ (%) Ky 26.5 27.8 25.4 0.820
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3STEEL EDRE (%) =4 65.7 5¢.8 44.9 0.001 ¥ <1 O<EE
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EIMEREE (%) =l 56.9 51.7 46.9 0.183
R (%) = 15.7 9.1 6.6 0.021 BE <R
OREGEEE (%) 5 31.4 24.0 23.8 0.271
ERFEE (%) = 10.8 49 4.6 0.054
FHRERE (%) =3 30.4 -26.2 25.1 0.574
WEREREEE (%) & 29.4 24.0 18.2 0.040 BE <EH
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FERE19% 1 A15A8
F4 EBFEERROBEIEEIEETSER
FEEy ER(UELBATE) 1.04 0.256
(0.97~1.12)
ik %@U%ﬁﬁﬁ@ © 245 0.003
e 1:%, 0:4) (1.38—4.49)
f%%t 1 ml?i@)x&nﬁ 1.60 0.192
(1 s 4E) (0.78-3.24)
@%EEEE@ 0.81 0.522
(1: @, 0:TEE) (0.43-1.57)
3?@Ui@r@m% 1.60 0.095
(14, 0:Wbng)  (0.92-2.80)

LR MEEpOBRRE © 1,30 0.558
1:%, 0:4) (0.53-3.14)
MR%E@EEEE ' 1.60 0.133
1:5F, 0:4) (0.86-2.94) °
ﬁﬁf@%ﬁ 2.08 0.129
1:7%, 0:4) (0.79-5.34)

] ﬁ%"ffmzﬁﬁ (m/sec) 0.13 0.002
(1 BfrEi) (0.04~0.45)
EEED (kg) 1.00 0.724
(1 BarEi) {0.98-1.02)

T VT g ) —F 1.01 0.728
(em) (1 BBfr4E10) (0.96-1.07)

MWITEH  EEFEBFOEREE (1=5, 0=8)
CI: EERE (confidence interval)
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A Randomized Trial of Olfactory Stimulation Using Black Pepper
Oil in Older People with Swallowing Dysfunction
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OBJECTIVES: To determine the effect of olfactory stimu-
lation with volatile black pepper oil (BPO) on risk factors
for pneumonia.

DESIGN: A 1-month randomized, controlled study.

SETTING: Nursing homes in Japan thatserve as long-term
care facilities for older residents who 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 (rCBE).
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 cortex
(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. J Am
Geriatr Soc 54:1401-1406, 2006.

Key words: olfactory stimulation; elderly pneumonia;
swallowing reflex; swallowing movement; anterior insu-
lar cortex
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Despite the development of potent antimicrobial agents,
pneuwmonia 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 that 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 appetite.
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 appetite 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 pneumonia.

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 to 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 patient selection was that physical symptoms 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 at 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 eventually assigned to a BPO-treated
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 obtained 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 uL of BPO or LO odorant
(Product No. T03218, Lot No0.010902, 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 items (walking,
ascending and descending stairs, feeding, dressing, toileting,
bathing, and grooming), as previously described.?® Individ-
ual total 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 total score
ranging from 0to 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

109 Screened

4 excluded
1 suffered from chronic sinusitis

1 with persistent coughing
2 suffered from pyrexia

105 eligible

Randomized

35 allocated to nasal inhalation 35 aliocated to

of black pepper oil

nasal inhalation
of lavender oil

35 allocated to nasal inhalation
of distilled water

34 examined

10 allocated to SPECT
examination

s

1 died
1 moved

1 died
1 pneumonia

33 examined

33 examined

Figure 1. Study flow. SPECT =single photon emission computed tomography.
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lemon. Briefly, the three odorants were presented in random
order to the participants. Participants smelled the odor and
chose one of the four response alternatives (one correct re-
sponse and three distracters) from the photographs corre-
sponding to the odor stimulants. Each olfactory score was
evaluated using a 3-point scale: 2 = completely identified,
1 = smelled but unable to distinguish, 0 = did not smell or
distinguish. Individual olfactory score was calculated by
adding the odor identification scores of all the items; totals
ranged from 0 to 6.

Measurement of Upper Respiratory Protective Reflexes
and Involuntary Swallowing Movement

The swallowing reflex and cough reflex sensitivity were as-
sessed between 9:30 and 10:30 a.m. The swallowing reflex
was provoked using a 1-mL bolus of distilled water injected
into the pharynx through a nasal catheter. The subjects were
unaware of the actual injection. Swallowing was identified

according to submental electromyographic activity and vis-

ual observation of characteristic laryngeal movement. The
swallowing reflex was quantified as latency of swallowing
reflexx (LTSR), timed from the injection to the onset of
swallowing.!® The individual cough reflex sensitivity to cit-
ric acid was evaluated using a tidal breathing nebulized
solution delivered through an ultrasonic nebulizer (MU-32,
Sharp Co. Ltd, Osaka, Japan).!* Individual cough reflex
threshold was defined as the concentration of citric acid
(0.7-360.0 mg/mL in saline) at which the participant
coughed more than five times during the 1-minute inhala-
tion period. The number of involuntary swallowing move-
ments was counted at rest in a supine position during
inhalation of an odorant {BPO, LO, or distilled water) for
1 minute.

Measurement of Serum SP Concentration

Blood was collected before evaluation of cough-reflex sen-
sitivity in a tube containing 0.5 U/mL aprotinin and 3 mM
ethylenediaminetetraacetic acid before breakfast and im-
mediately centrifuged to separate serum from the cell frac-
tion. Serum SP was quantified as previously described.’®

Regional Cerebral Blood Flow Study

Ten patients (4 men) with a history of aspiration pneumonia
(mean age & standard deviation 81.7 =+ 8.5, mean MMSE
score 13.5 & 1.4, mean ADL score 15.5 £ 0.8) were ran-
domly recruited from the BPO-treated group for SPECT-
scanning examination with '**I iodoamphetamine. Before
the BPO intervention, magnetic resonance imaging revealed
that, of the 10 patients, seven had multiple lacunar infarcts
in the basal ganglia (n = 1), thalamus (n = 1), or deep white
matter (n = 5) and that the other three had cortical infarcts
in the bilateral frontal and right parietal regions (n= 1),
right frontal regions (n = 2), left frontal regions (n = 1), and
right parietal regions (n = 1). All 10 patients showed pro-
longed LTSR {>35.0 seconds) before the BPO intervention
(mean 5.9 & 1.1). '

The SPECT-scanning examination was performed be-
fore the start of the study and at the end of the 1-month
study with volatile BPO. All SPECT scans were performed
with patients in stable condition with their eyes closed. Re-
gional cerebral blood flow (rCBF) was measured by re-

cording the distribution of radioactivity after the
intravenous injection of '23[-N-isopropyl-p-iodoampheta-
mine (IMP) with a triple-headed gamma camera (Multi-
SPECTS3, Siemens USA, Knoxville, TN), which has an axial
field of the entire brain and cerebellum. Patients were
placed in a supine position in a soft head restraint approx-
imately 15 minutes after intravenous injection of 111 MBq
of IMP into an antecubital vein.?® Data were acquired by
scanning in a three-dimensional mode for 30 minutes.

Statistics

The planned sample size for the study was based on power
calculations related to the estimation of the confidence in-
terval expected for the intervention group. This was based
on the mean difference in LTSR between groups. The cal-
culation yielded a sample size of 28 patients in each group,
assuming a ¢ test for two independent groups, with a two-
sided alpha level of 0.05 and a statistical power of 80%.

Values were expressed as mean =+ standard error. Data
were transformed to logarithmic values of citric acid con-
centration for cough-reflex sensitivity. All data except for
rCBF in SPECT scans were analyzed using statistical anal-
ysis software (Statview, version 5.0 for Windows, SAS Inst-
itute, Inc., Cary, NC). Comparisons of age, sex, ADL score,
MMSE score, ability to identify odors, cough reflex sensi-
tivity at baseline, and number of involuntary swallowing
movements were performed between the BPO-treated
group, the LO-treated group, and the odorless group ac-
cording to the Kruskal-Wallis test. Comparisons of LTSR
and serum SP of the three groups at baseline were per-
formed using one-factor analysis of variance (ANOVA),
Comparisons of LTSR, cough-reflex sensitivity, and serum
SP between the pre- and poststudy periods in each
group were performed using two-way repeated-measures
ANOVA. The proportion of participants in the three groups
with improved cough reflex sensitivity was compared using
the chi-square and Fisher exact tests. Comparisons of the
three groups with regard to LTSR and serum SP at Day 30
and cough reflex sensitivity at Day 30 were performed using
one-factor ANOVA and the Kruskal-Wallis test, respec-
tively.

Statistical analysis for voxel-by-voxel comparison of
rCBF in SPECT scans was performed using Statistical Par-
ametric Mapping 99 software (London, UK) implementa-
tion of a general linear model. After spatial normalization,
stereotactically normalized images were smoothed using a
Gaussian kernel with a full width of 12 mm at half max-
imum,'® Multiple comparison in the global brain was per-
formed. The regional-to-cerebellar IMP uptake ratio
(cerebral blood flow ratio) was used as a measure of the
relative perfusion rate in the insular region and orbitofron-
tal region. Comparison of rCBF distributions in the insular
region and the orbitofrontal cortices between pre- and post-
BPO intervention for 1 month was performed using the
paired Student # test.

Significance levels were defined as P<.05.

RESULTS

In this randomized, prospective trial, there were no signif-
icant differences in multiple parameter baseline factors
(age; sex distribution; ADL status; cognitive function; the
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Table 1. Characteristics of Participants and Outcomes of Fach Treatment in Nursing Home Patients
Odorless Black Pepper Ol Lavender Oil
Characteristic n=235 n=235 n=35 P-value* P-value?

Age, mean £ SD 845+ 4.2 843+ 7.1 86.2 +4.9
Sex: male:female 8:27 9:26 7:28
Activities of daily living, mean + SD 8.41+6.6 10.8 £ 6.3 85+£6.5
Mini-Mental State Examination score, 124 +£73 112+77 112+£77
mean = SD
Olfactory identification, mean 4 SD 21+24 22x20 1.7 +23
Latency of swallowing reflex, seconds,
mean = SD

Baseline 15.8 4+ 19.6 17.6 £ 21.5 14.8 + 15.1

1 minute later 152+ 17.4 6.4 + 7.8* 132+ 125 .03

Day 30 {(dropouts) 14.4 +17.3(2) 4.4 £ 2.6% (1) 13.6 = 15.4 (2) - .005 <.001
Log concentration of citric acid for cough
threshold, mean % SD, mg/mL

Baseline 1.3+ 05 1.2+06 1.14£05

Day 30 (dropouts) 1.3+ 05 (2) 12405 (1) 1.1 4+ 0.9 (2)
Serum substance P, mean + SD, pg/mL

Baseline 34.3 + 8.1 353+£9.0 32.9 4+ 101 _

‘Day 30 (dropouts) 30.9 £ 8.7 (2) 40.8 + 10.6% (1) 34.9 + 8.4 (2) .03 .04
Number of swallows for 1 minute,
mean =+ SD

Baseline 0.5+ 0.3 04403 0405

During smell 0.5+05 3.7 £25% 0.34+0.3 <.001 <.001

* Representative of the comparison between that at baseline and that 1 minute later or at Day 30.

" Representative of the overall group comparison.
!Significance at P<.05.
SD = standard deviation.

ability to identify odors; and medications such as angio-
tensin-converting enzyme inhibitors, neuroleptics, and am-
antadine) between participants in the odorless group, the
BPO-treated group, and the LO-treated group (Table 1). In
addition, LTSR, cough-reflex sensitivity, and serum SP con-
centration at baseline were not significantly different in the
three groups (P>.05).

The nasal inhalation of BPO caused a significant short-

ening of LTSR at 1 minute soon after its first nasal inha-
lation by the naive participants (P =.03) (Table 1). The
LTSR in the BPO-treated group at 30 days was significantly
less than the baseline value, whereas those of the other
groups were not (P =.005). The LTSR of the BPO-treated
group at 30 days was also significantly shorter than those of
the LO-treated and the odorless groups at 30 days
(P<.001) (Table 1).

The nasal inhalation of any odorants {BPO, LO, and
distilled water) during the 30-day period did not signifi-
cantly affect cough-reflex sensitivity (Table 1). The number
of involuntary swallowing movements for 1 minute in the
BPO-treated group was significantly greater than in the
odorless group and the LO-treated group (P <.001) (Table
1). Serum SP at 30 days in the BPO-treated group was sig-
nificantly greater than at baseline (P =.03), whereas it did
not change significantly in the LO-treated and odorless
groups (P =.53). Serum SP in the BPO-treated group at 30
days was also significantly greater than in the LO-treated
and odorless groups (P =.04) (Table 1).

The LTSR in the group of BPO-treated patients was
significantly longer than the initial LTSR, according to the

SPECTscan (5.9 & 1.1 vs 2.7 & 1.1 seconds). Voxels within
the insular cortex in the brains of these patients were sig-
nificantly larger (P <.001) (Figure 2). Comparison of rCBF
before the nasal inhalation of volatile BPO with that after
the study showed that rCBF in the right medial orbitofron-
tal cortex (anterior cingulate cortex) and the left insular
cortex was significantly greater (x,y,z= —10, 54, -10,
z=4.29; k=330 voxels, x,y,z=46, 32, —4, z=4.00;
k=139 voxels, respectively) (P <.001) (Figure 2).

DISCUSSION

It was found that olfactory stimulation using BPO signif-
icantly improved the sensory and reflexive motor movement
of swallowing, presumably via activation of the right insu-
lar cortex, the function of which is reported to be impaired
in patients with dysphagia. It was previously reported that
patients with depressed swallowing reflex over 5 seconds
were at high risk for the development of pneumonia.?’” This
function was impaired in the present patients, suggesting
dysphagia and a high risk of pneumonia. Therefore, olfac-
tory stimulation using BPO is a possible new remedy for
treatment of elderly patients at high risk of pneumonia.
Olfactory stimulation, so called aromatherapy, is not
limited to any particular subjects, because nasal inhalation
of odorants is simple and easy for older people regardless of
their level of consciousness or physical and mental status.
Unlike the case of medication, there is no need to worry
about any side effects or about a participant’s ability to
adhere to oral instructions. Some subjects with severe
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Figure 2. Brain single photon emission computed tomography scans obtained 30 days after nasal stimulation with black pepper oil.
Enhanced intensity in the right medial orbitofrontal cortex {anterior cingulate cortex) (A, B, and C) and left insular cortex (D, E, and F)
shows greater regional cerebral blood flow. (A and D, sagittal; B and E, coronal; C and F, horizontal slice).

dysphagia, such as those who had undergone tracheostomy
or who required a nasogastric tube for feeding, were able to
accept this remedy.

Black pepper is generally recognized as a fairly simple
spice whose flavor comes from the molecule piperine, a
transient receptor potential (TRP) vanilloid 1 agonist sim-
ilar to capsaicin.’® The benefit of stimulation of the TRP
channel family using capsaicin,'®2? as well as using hot or
cold temperature, has been previously reported.?! In light of
these findings, it is conceivable that volatile BPO improves
the swallowing movement by stimulating the brain via the
olfactory sensory system. Videofluoroscopy examination
indicated that the nasal inhalation of volatile BPO signif-
icantly reduced the pooling of isotopes on the recessus pi-
riformis in the three elderly subjects who were examined
(data not shown). Olfactory treatment using volatile BPO
for 30 days also brought about a significant shortening of
LTSR from baseline. Daily stimulation might result in cor-
tical reorganization, making these reflexes easy to pro-
voke,2?

Meanwhile, the nasal inhalation of LO did not have
any effect on coughing or on the reflexive swallowing
movement. The effect of LO is known to counter insomnia
and promote restful sleep. As predicted, unlike with BPO,
nasal inhalation of LO did not stimulate the level of con-
sciousness of participants.

Silent aspiration of oropharyngeal secretion, which is a
cause of aspiration pneumonia, is often the consequence of
insufficient SP release due to cerebrovascular disease.! Sev-
eral types of pharmacological and mechanical stimulation

increase the local SP concentration in human sputum or
saliva and improve the swallowing reflex and cough-reflex
sensitivity. The increase in serum SP with volatile BPO in
this study might be closely related to improvement of the
swallowing reflex. Capsaicin has been reported to release SP
not only from sensory neurons but also from human
lymphocytes.?® Intervention with an ACE inhibitor also re-
sulted in an increase in serum SP.24 Nasal inhalation of
volatile BPO might affect the whole body, resulting in an
increase in serum SP by some unknown process involving
the dopaminergic nerve in the brain.

Previous research has shown that the swallowing
movement, including drinking water, activates portions of
the insular, operculum, inferior precentral gyrus, and cer-
ebellum and that frequent tongue movement produces sub-
stantial increases in insular activity, as shown using positron
emission tomography imaging.*?’ Using SPECT imaging,
the current study revealed a dysfunction in the bilateral
insular region in patients with a history of aspiration pneu-
monia.® The signal from olfactory information is projected
to the primary olfactory cortex, such as the pyriform cortex
and a portion of the right amygdala, right orbitofrontal
cortex, anterior cingulate cortex, and left insular cortex
(adjacent to the gustatory cortex).>® Taken together, these
findings indicate that olfactory stimulation using volatile
BPO might alleviate swallowing dysfunction by enhancing
activation mainly of the left insular cortex via the olfactory
system.

Olfactory impairment or depression of the ability to
identify odors has been reported in 80% of participants



