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Abstract

Reversible Cognitive Impairment after Pioglitazone Treatment of an Elderly Woman
with Type 2 Diabetes Mellitus and Alzheimer's Disease

Toshioki Matsuzawa, Takashi Sakurai, Taichi Akisaki, Hiroshi Yoshino, Toshihiro Takata,
and Koichi Yokono

Department of Internal and Geriatric Medicine, Kobe University Graduate School of Medicine

A 8l-year—old woman admitted for memory disturbance and type 2 diabetes mellitus was chese and
hypertensive. Serum HbAic was 87% and HOMA-R 508. Her standard score of mini mental state
examination (MMSE) was 24 and 21 in Hasegawa's dementia scale—revised (HDS-R). She showed serious
impairment in delayed recall, orlentation, and executive function, and was diagnosed with probable
Alzheimer's disease (AD) based on diagnostic criteria of the National Institute of Neurological and
Communicative Disorders and Strokes—Alzheimer's Disease and Related Disorders Association (NINCDS-
ADRDA). She was treated with metformin and glimepiride for diabetes and donepezil for AD, but her brain
function declined to 19 in MMSE and 17 in HDS-R after 18 months. We added pioglitazone, and after 5
months, her HbAic fell to 63% and her HOMA-R to 289, Her brain dysfunction improved in several
cognitive domains including short-term memory. Her MMSE score recovered to 24 and her HDS-R to 21,
and she showed several improvements in daily performance. Pioglitazone thus appears to partially restore
the cognitive AD decline in elderly diabetic patients.

J. Japan Diab. Soc. 50(11) : 819~823, 2007
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Abstract

Background: Many tussive agents are components of foods, but litte is known about the
relationship between cough reflex and oral chemesthesis sensitivities. We investigated the
relationships between cough reflex and oral chemesthesis in individuals using two transient
receptor potential vanilloid | (TRPV 1) agonists with different patencies: capsaicin and capsiate.

Methods: Twenty-eight healthy never-smokers were allocated to evaluate cough and aral
chemesthesis of capsinoids. Cough reflex sensitivities are estimated by the lowest concentrations
generating five coughs by sach TRPV! agonist inhalation. Oral chemesthesis sensitivities are
estimated by the lowest concentrations which generate a hot sensation when filter paper loaded
with each TRPV| agonist is placed on the tongue.

Results: There were strong correlations between capsaicin- and capsiate-induced cough reflex
sensitivities, and between capsaicin- and capsiate-induced oral chemesthesis sensitivities. However,
there were no significant correlations between cough reflex and oral chemesthesis sensitvities
induced by both capsaicin and capsiate. The cough reflex sensitivites are significanty greater in
females than in males whereas there were no gender differences in oral chemesthesis.

Conclusion: The results showed that the sensitivities of sensory afferents were differant between
cough reflex and oral chemesthesis, suggesting that TRPY| sensitivities differ between organs
within healthy individuals. Capsiate could be a tussigen for the cough challenge test.

Background

Although many tussive agents, such as capsaicin, dtric
acid, and acetic acid, are components of foods, it is
unknown whether these chemical stimuli equally somu-
late sensory nerves in bronchial airways and the oral cav-
ity. The inhalation of tussive agents as a cough challenge

test is a useful method to quantify cough in a clinical set-
ting and to assess the antitussive effects of spedfic thera-
pies in a laboratory setting [1]. The inhalation cough
challenge is applied via the oral cavity, but little attention
has been paid to the effects of tussive agents on oral sen-
sory systems during the cough challenge test. Although,

Page 1of 7
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while testing and developing the inhalation cough chal-
lenges, a large number of tussive agents have been tried,
capsaicin has stood the test of time and nowadays is the
most widely used probably as a result of greater reproduc-
ibility and safety [1]. In contrast to classical tastes such as
sweet, salty, bitter, sour and umami, the oral sensation
induced by capsaicin is called chemesthesis, a sensation of
irritation produced by chemical stimulation and medi-
ated by the tigeminal nerve [2].

The physiological effects of capsaicin on cough may be
modulated by oral sensory stimuli. Activation of capsai-
cin-sensitive afferents in the tongue and palate evoke local
release of neuropeptides such as substance P and calci-
tonin gene-related peptides, which are contained in the
nerve terminal of the sensory neurons [3,4]. The neu-
ropeptides exert powerful vasoactive and secretomoter
effects leading to vasodilation, plasma exudation, trigger-
ing reflex salivation and an increase in the secretion of
mucus in the airway. Capsaidn is a potent gustatory stim-
ulus which may also promote airway secretions. Gustatory
thinorthoea has been shown to occur after eating spicy
foods and this observation demonstrates a link between
gustation and airway secretion of mucus [S]. There is also
a possibility that capsaicin in the oral cavity induces bron-
choconstriction the same as intranasal application of cap-
saicin elicits bronchoconstriction [6].

Moreover, in the brain, the gustatory fibers and the sen-
sory fibers that initiate cough may interact with each other
because of the close anatomical relationship [7]. In order
to inquire into the possible modulation of cough reflex by
capsinoid-induced oral stimuli, it might be important to
know whether there is a relationship between cough reflex
and oral sensitivities to capsinoids. In addition, for the
same purpose, it may also be important to know whether
there is a gender difference in oral sensitivities 1o capsi-
noids since cough reflex sensitivity to capsaicin shows
prominent gender differences [8,9].

Capsaicin acts mainly on the afferent neurons of the non-
myelinated C-fibers by the opening of a non-selective cat-
ion channel of capsaicin receptor, transient receptor
potential vanilloid 1 (TRPV1) [10]. Capsiate is obtained
from faint-pungent cultivar of red peppers named CH-19
Sweet [11]. CH-19 Sweet is a fixed cultivar that was
selected and cultivated from a pungent cultivar, CH-19, of
pepper. Capsiate is known to activate TRPV1 [12], and,
despite faint-pungency, increases adrenaline secretion
and oxygen consumption like capsaicin [13]. Capsium
fruits are used worldwide in foods for their pungency. The
pungency felt when eating Capsium fruits is mainly attrib-
uted to the activation of oral TRPV1 [14].

http:/Awww.coughjournal .com/content/3/1/9

TRPV1 receptors found on sensory airway nerves are
important in the cough reflex [15]. Isolated pulmonary
vagal afferent nerves are responsive to TRPV1 stimulation.
‘When one eats foods containing capsaidin, the burning
sensation is elicited by TRPV1-containing peptidergic
nociceptors surrounding taste buds in the tongue [16],

Capsaicin-induced congh may not solely be mediated
through the nerves expressing TRPV1 receptors. Capsaicin
inhalation elicits cough through the activation of rapidly
adapting receptors (PAR) [17,18]. The activation of PAR is
presumably secondary to airway smooth muscle contrac-
tion, mucous secretion or edema formation by capsaicin
[18]. Therefore, cough induced by capsaicin is a mixture
of direct and indirect responses to the capsaicin. The same
situations are also proposed for oral chemesthesis.
Despite the complexities of the neural network and
involved mechanisms to induce cough or oral chemesthe-
sis, the outcome measurements are relatively simple in
these phenomena.

In order to investigate the possible relationship between
the perception of sensations mediated by TRPV1, whether
directly or indirectly, in different organs, e.g. lung and
tongue within individuals, we compared cough reflex and
oral chemesthesis sensitivities using two TRPV1 agonists
with differential potencies, capsaicin and capsiate. In
addition, we evaluated the possibility of the use of capsi-
ate as a cough challenge test.

Methods

Subjects and protocols

Twenty-eight healthy never-smokers (14 male, 14 female)
were allocated to evaluate cough and oral chemesthesis of
capsinoids. All were originally recruited via public post-
ings in and around the Toholu University School of Med-
icine campus. The mean age was 36.4 « 2.3 (SE) years. The
study was approved by the Institutional Review Boards of
Tohoku University School of Medicine. Subjects were
without history of pulmonary disease, recent (within 4
weeks) suggestive symptoms, respiratory tract infection
and seasonal allergies. Subjects did not take any regular
medication,

Subjects underwent the sensitivity tests on four successive
days at 10:00 am. Each of the four days was assigned to
the capsaicin cough sensitivity test, the capsaicin oral
chemethesis test, the capsiate cough sensitivity test, or the
capsiate oral chemesthesis test. The order of the four tests
was randomly decided using a computer program. The
day before the start of the test and during the four days,
subjects were prohibited from taking any capsinoids in
meals or beverages. In order to ensure subjects avoid con-
surnption of capsinoids during meals, various foods and
dishes that contain them were explained to the subjects.

Page20of 7
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Cough reflex sensivity tests for copsalcin and copsiate
Cough reflex sensitivities to capsaicin and capsiate were
measured on different days using the modification of the
method by Fujimura and colleagues [8]. 30.5 mg of Cap-
saicin (Sigma Aldrich, Seatle, USA) was dissolved in
Tween 80 (1 ml) and ethanol (1 ml) and then dissolved
in physiological saline (8 ml) to make a stock solution of
0.01 M, which was stored at -20°C. This solution was
diluted with physiological saline to make testing solu-
tons starting at a concentration of 0.49 uM and increasing
it by doubling the concentration up to 1000 pM.

Capsiate was extracted from CH-19 sweet (kind gift from
Ajinomoto KK, Kawasaki, Japan). Compared with capsai-
cin, capsiate has an ester bond instead of the amide bond
between the vanillyl moiety and fatty acid chain (Figure
1). Harvested chili peppers (CH-19 sweet) were washed
and dried. Then the crude oil was extracted from the dried
chili peppers using n-hexane. The crude oil was refined by
the distillation and the column chromatography. Finally,
in order 1o adjust the concentration, the refined oil was
diluted with medium-chain triglyceride. In this original
capsiate extract solution, the capsiate content of the sam-
ple was ~7%. The rest of the extract solution was mainly
caprylic acid. Capsaidn was less than 0.0001% among
capsinoids, 70 pl of capsiate extract was dissolved in
Tween 80 (1 ml) and ethanol (1 ml), and then dissolved
in physiological saline (19 ml) to make a solution of 0.01
M. This solution was diluted with physiological saline o
make testing solutions starting at a concentration of 0.49
1M and increasing it by doubling the concentration up to
1000 pM. Capsiate was diluted from the original exract
solution every time just before the sensitivity test.

Each subject inhaled a control solution of physiological
saline followed by a progressively increasing concentra-
tion of capsaicin or capsiate solution. Solutions were

Capsaicin -
OHC
i
CH,
HO'
Capsiate T
Bkl /J\/\/\/\]/”"
o
1 [
HO'

Figure |
Structures of capsaicin and capsiate.
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inhaled for 15 s every 60 s, by tidal mouth-breathing,
while wearing a nose-clip from a Bennett twin nebulizer
(3012-60cc; Puritam-Bennent Co., Carsbad, CA, TSA).
Increasing concentrations were inhaled until five or more
coughs were elicited. The nebulizer output was 0.21 ml/
min. The cough reflex sensitivities to capsaicin and capsi-
ate were defined as the lowest concentration of capsaicin
or capsiate that elicited five or more coughs (C5). In our
preliminary experiments, it was confirmed that the Tween
80 and/or caprylic acid dilutions at any concentration
used in saline without capsinoids did not induce cough
for 15 s inhalation.

Oral chemesthesis measurements

Chemesthesis to capsaicin and capsiate was measured
with a modification of the semi-quantitative clinical gus-
tometry using a filter-paper disc, which is routinely used
for the evaluation of dysgeusia in a dinical setting [19],
Again, chemesthesis to capsaicin and capsiate were meas-
ured on different days. The testing solutions were pre-
pared for both capsaicin and capsiate in the same way as
the cough reflex sensitivity measurements, but distilled
water was used instead of physiological saline. A droplet
of each testing solution was added to the filter paper disc
(8 mm diameter), and then the disc was placed on the left
side of the tongue 2 cm from the tip (i.e. locus for left
cholda tympani nerve), for one second. The filter discs
with the progressively increasing concentrations of capsa-
icin or capsiate were applied every 5 min, and the subject
was asked to gargle with distilled water during the inter-
val. Because irritant sensations take longer than classical
tastes, subjects were instmcted to wait 10 s before making
a conclusion on their chemesthesis [16]. The chemesthe-
sis 10 capsaicin and capsiate were defined as the lowest
concentration of capsaicin or capsiate that elicited a pun-
gent or burning sensation for the subject. Although capsi-
noids have the possibility to elicit bitterness, the subject
was asked to ignore the bitterness [20].

In our preliminary experiments, it was confirmed that the
Tween 80 and/or caprylic acid dilutions at any compara-
ble concentrations in distilled water without capsinoids
did not induce oral chenesthesis, and it was certified that
there was no tachyphylaxis of responses to capsinoids
with 24-hour intervals for both cough reflex sensitivities
oral chemesthesis.

Statistical analysis

Results are expressexd as mean + SE. Comparisons
between each threshold concentration in differential stim-
uli were performed by a paired 1-test Comparisons
between the sensitivities in males and females were per-
formed by the Mann-Whitney test. The correlations
between each threshold concentration in differential stim-
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uli were estimated by Pearson's correlation coefficient. A
value of p < 0.05 was considered statistically significant.

Results

Bath cough reflex sensitivities and oral chemesthesis tests
were performed without any unpleasant feelings or side
effects after the tests for all subjects. The mean threshold
concentration to induce cough (log C; value) was signifi-
cantly greater in capsiate (2.55 £ 0.09 log M) than in cap-
saicin (1.20 % 0.09 log pM) (p < 0.0001). The mean
threshold concentration to induce oral chemesthesis by
capsiate (2.22 + 0.10 log uM) was significantly greater
than that by capsaicin (1.55 + 0.11 log uM) (p < 0.0001).
The mean threshold concentration for capsaicin applica-
tion was significanily greater in cough reflex sensitivity
than that in oral chemesthesis (p < 0.03).

The mean threshold concentration for capsiate applica-
tion was significantly greater in cough reflex sensitivity
than in oral chemesthesis (p < 0.01).

As shown in Figure 2A, there was a stong correlation
berween capsaicin- and capsiate-induced cough reflex sen-
sitivities (r = 0.79, p < 0.001). Similarly, as shown in Fig-
ure 2B, there was a strong correlation between capsaicin-
and capsiate-induced oral chemesthesis sensitivities (1 =
0.64, p <0.01). These results suggest that cough reflex and
pungent sensation are induced by stimulation of TRPV1
in each responsible organ.

However, there was no significant correlation berween
cough reflex and pungent taste sensitivities induced by
capsaicin (r=-0.12, p = 0.50), Similarly, there was no sig-
nificant correlation between cough reflex and pungent
taste sensitivities induced by capsiate (r = 0.30, p =0.22).
These results suggest that the same TRPV1 stimulation
induce differential strength of sensation according to the
organs within individuals,

Table 1 shows cough reflex sensitivities and oral chemnes-
thesis classified by gender. The threshold concentrations
to induce cough reflex are significantly greater in males
than those in females for both capsaicin and capsiate (p <
0.03 and p < 0.05, respectively). However, in oral chemes-
thesis, there were no significant differences between males
and femnales for both capsaicin and capsiate.

Discussion

In this study, no significant relationship between cough
reflex sensitivity and oral chemesthesis to capsinoids
within individuals was found. The cough reflex to TRPV1
stimulations are less sensitive in males than in females
whereas there was no significant gender difference in the
oral chemesthesis to capsinoids. Here we showed that the
usefulness of capsinoids with respect to bath their action

http:/Aaww.coughjournal.com/content/3/1/9

as a tussigen and the capability to evoke oral chemesthe-
sis.

Astrong correlation between the threshold concentrations
between capsaicin- and capsiate-induced cough was
found. Similarly, the threshold concentrations between
capsaicin- and capsiate-induced oral chemesthesis signifi-
cantly correlated. Tn both sensatons, capsiate required a
much higher concentration than capsaicin. The intragas-
tric administration of capsiate increases adrenalin secre-
tion and oxygen consumption in mice [21,22]). In
addition, capsiate suppresses T cell activation by inhibit-
ing NF-xB-dependent transcriptional activity [23]. These
studies suggest that capsiate shares biological activities
with capsaicin in spite of very weak pungency. However,
the reasons for the weak pungency of capsiate are not
clear. lida and colleagues speculated that less accessibility
of capsiate 10 nociceptors due to its lipophilicity might
contribute to the weak pungency [12]. In our studies, the

A
- -
) e [X.] e 5 0 L
Cough Raflex Sansitvity 16 Capsaicin (log M)
B
Oral Chemesthesis to Capsaicin (log uM)
Figure 2

Caorrelations between capsaicin- and capsiate-induced cough
reflex sensitivities (A), and between capsaicin- and capsiate-
induced oral chemesthesis sensitivities (B). The solid lines
represent regression lines.
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Table |: Gender differencas in cough reflex sensitivities and oral
chemesthesis

Mala Female p value

Number 14 14
Age (year) 342220 W5+ 4.1 ns
Cough reflex sensitivity

Capsaicin (Log uM) 141 £0.02 100401 <0.03

Capsiure (Log pM) 172 +010 237:043 <005
Oral chemesthesis

Capsaicin (Log M) 1512017 158013 ns

Capsiate (Log uM) 2121015

1221004 ns

Data are mean = S.E. P-values are comparisons between males and
females in sach variable by the Mann-Whitney test, ns, denotas not
significant.

difference in threshold concentration between capsiate
and capsaicin are greater in cough reflex sensitivity than
oral chemesthesis. This may reflect lower accessibility 10
TRPV1 responsible for cough reflex than that for oral
chemesthesis.

Individual variations in cough reflex sensitivites were
shown in the cough challenge test even in healthy sub-
jects. The variation exists regardless of methods of cough
challenge and tussive stimulants. Cough reflex is report-
edly less sensitive in men than women [8,9]. Although
oral chemesthesis also exhibits variability, a gender differ-
ence has not been investigated as far as we know. In our
study, the gender difference in cough reflex sensitivities is
consistent with previous observations, suggesting meth-
odological appropriateness even with capsiate. We
observed no gender difference in oral chemesthesis in
healthy subjects using two TRPV1 agonists with different
potencies. There are several reports showing an associa-
tion between oral chemesthesis and taste perception
[24,25). However, the results of the gender difference in
taste perceptions are conflicting according to the stimuli
and methods [26]. Nasal chemesthesis is relatively better
investigated than oral chemesthesis because nasal irrita-
tion is an important issue in environmental public health,
and data about gender differences are conflicing [27]. In
contrast to chemesthesis, gender dependency in pain per-
ception is well documented [28]. Numerous studies dem-
onstrated that certain pain disorders occur with higher
prevalence, intensity, or duration in women than in men
[29].

The explanation for an increase in cough reflex sensitivity
in healthy females is unknown. One hypothesis is an
endocrine influence on the cough reflex. Recently, prolac-
tin was reported to enhance TRPV1 response in the pres-
ence of estrogen in rat sensory neurons [30]. However,
previous studies showing that postmenopausal women
have greater cough reflex sensitivity than premenopausal

http:/Awww.coughjournal.com/content/3/1/9

women [8], and more frequently suffer from angiotensin-
converting enzyme inhibitor-induced cough {31] would
argue agzinst this hypothesis. In addition, our result
showing no gender difference in oral chemesthesis may
also conflict with the systemic influence of sex hormones
on gender differences.

Both the peripheral and central explanations for why oral
chemesthesis are not correlated to cough reflex sensitivity
are postulated. The lack of relationship between oral
chemesthesis and cough reflex sensitivity within individu-
als may suggest a differential expression of TRPV1 accord-
ing to the organs within individuals. In patients with
chronic cough, increased expression of TRPV1 in airway
nerves was reported [15]. Inflammatory bowel disease is
associated with the upregulation of TRPV1 in the nerve
fibers of the colon [32]. Taste performance on the human
tongue varies with the density of fungiform taste buds,
which are heavily innervated by chemesthesis receptor
neurons [33]. Thus, the organ specific up-regulation of
TRPV1 is found in diseases. Differential oral chemesthesis
could result from the differential number of TRFV1 in the
tongue.

More importantly, the differential sensitivities to capsi-
noids between cough reflex and oral chemesthesis could
be reflected in the differential contribution of indirect
activation of afferent neurons. In cough response, capsai-
cin is known to activate not only C-fibers that have TRPV1
but also rapidly adapting airway mechanoreceptors (PAR)
that do not have TRPV1 [17,18). PAR is activated by a
large number of mechanical and chemical irritant stimuli,
by inflammatory and immunological mediators, and by
airway and lung pathological changes [34]. Presumably,
capsaicin activates PAR indirectly by contraction of airway
smooth muscle or by an increase in extracellular liquid, or
by both mechanisms [34]. Thus, the secondary effect of
capsaicin is not small on cough reflex sensitivities, On the
other hand, indirect effects of capsaicin on oral cheme-
sethesis sensations have not yet been identified, suggest-
ing that the indirect effect might be negligible in oral
chemesthesis,

Besides the peripheral factors, central factors may be
involved in the differential sensitivities of TRPV1 stimula-
tion between cough reflex and oral chemesthesis within
individuals. In contrast 1o oral chemesthesis, which was
finally integrated by cortical processing, cough reflex is
essentially a brainstem reflex. Therefore, there is a possi-
bility that the gain of a cortical neural process is involved
in the differences in oral chemesthesis, but not in cough
reflex. Evidence of gustatory brainstem taste nuclei and
cortical connections, which potentially modulate these
processes, provide a plausible neural basis for a central
gain mechanism [35,36]. Recently, the possible modifica-
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tion of cough reflex by the brain cortex was highlighted
[37,38). There are several studies as to the functions of
supramedullary areas responsible for cough. The interac-
tion between sweet taste stimulation and cough reflexwas
suggested [39]. If the urge-to-cough which precedes
coughing was measured, we could more easily understand
the lack of relationship between oral chemesthesis and
cough reflex sensitivity [40]. Further studies are required
to elucidate the relationships between cough reflex and
sensory inputs to the cortex.

The lack of relationship between oral chemesthesis and
cough reflex sensitivity within individuals might suggest
the low possibility of a modulatory effect of capsinoids
which were deposited in the oral cavity during the cough
challenge test. Although the concentration to induce oral
chemesthesis to capsinoids is relatively smaller than that
of cough reflex, oral chemesthesis did not trigger cough
responses in the present healthy subjects. The lack of gen-
der difference in oral chemesthesis also supports the no
modulation hypothesis.

In the present study, we found that the capsiate does not
induce the sustained irritant airway feeling that is fre-
quently observed in the case of the capsaicin cough chal-
lenge test. This might be attributed to the lipohilicity and
instability of capsiate. Although this biophysical feature of
capsiate is a disadvantage for the preparation procedure,
this could be a benefit for the subject to avoid uncomfort-
able feelings after the cough challenge test [12].

Conclusion

In conclusion, the results showed that the sensitivities of
sensory afferents were different between cough reflex and
oral chemesthesis, suggesting that TRPV1 sensitivities dif-
fer among organs within healthy individuals. The results
also suggest that capsiate could be a useful tussigen for the
cough challenge test.
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Figure 1. Rhythm strip (25 mm/s and 1em/mV): Mobirz type I
arrioventricular block with cardiac pauses.

up to 5 seconds due to a Mobitz type II block without
reliable escape rhythm (Figure 1).

She was transferred to the cardiac care unit, where her
rhythm disorder could be better monitored. Continuous
cardiac monitoring revealed that all screaming episodes
oceurred during cardiac pauses. The echocardiogram
showed a calcified mitral valve with stenosis and aortc
valve sclerosis and insufficiency.

The cardiac pauses also occurred during sleep, one
lasting up to 16 scconds. Consequently, a venrricle-paced
ventricle-sensed inhibited (VVI) pacemaker was implanted,
after which the patient's screaming stopped.

In conclusion, a cardiac rhythm disorder cansed scream-
ing in this patient and was probably directly connected to
presyncopal feelings, which were provoked by second- and
third-degree atrioventricular blockades with unreliable
escape rhythm superimposed on a sick sinus syndrome.
Initially, no transient rhythm changes could be assessed.

This woman's history emphasizes that screaming in
older people should be taken seriously, because it may in-
dicate severe disease. It also underscores that severe cardiac
diseases may present with atypical symptoms such as
sereaming in geriatric patients,® A literature search was
conducted, but no single case history of screaming based
on cardiac pathology was found. Nevertheless, cardiac
arrhythmias should be part of a differential diagnosis for
vocalization behavior, especially when presyncopal feelings
accompany this behavior. ECG should be performed rou-
tinely, and continuous electrocardiographic monitoring
should be considered if the cause of screaming remains
unclear. Psychiatric or cognitive comorbidiry should nor
exclude cardiological examination, because screaming in
older people may really be a “cri de coeur.”
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CONTRIBUTION OF GASTRIC ACID IN ELDERLY
NURSING HOME PATIENTS WITH COUGH
REFLEX HYPERSENSITIVITY

To the Editor: Cough is nat only an important defense
mechanism for the airway, but also presents as one of the
most common symptoms for patients who seek medical
care. A weak cough reflex is one of the responsible factors
for aspiration pneumonia in older people,’? whereas
persistent cough, whether during the day or night, is also
a pmhl:m in older people. The major canses of persistent
cough in adults are posmasal drip, asthma, and gastro-
esophageal reflux disease (GERD).* In older people,
gastroesophageal reflux (GER) as a cause of persistent
cough is difficult to derect. Although a symptom of cough
may reflect the present condition even in older people, the
prevalence of cough reflex hyper- or hyposensitivity in in-
stitutional older people has not been reporred. Additionally,
management of persistent cough in older people with phys-
ical and mental status that has deteriorated has received less
focus. Therefore, a cross-sectional smdy was conducred
from August to September 2004 for the distribution of
cough reflex sensitivity in institutional older peple. The cri-
terion for patient selection was that physical symptoms and
cognitive impairment must have been stable for the pre-
ceding 3 months. Parricipants with chronic sinusitis or
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respiratory disease or those who were immunocompro-
mised, were current smoker, or were taking drugs m-
fluencing airway reacrivity or lower esophageal sphincter
Tone or antisecretory gastric treatments were excluded.
Consequently, 123 eligible patients of 132 instiminonalized
parients were recruited. Informed consent was obtained
from them or their families before the study started. All
eligible participants (38 men, mean age + standard devia-
tion 84.4 + 5.6, mean Mini-Mental State Examination
score 18,7 +7.2,* and mean Barthel Index 74.1 + 10.6*)
were examined for individual cough threshold (PC;),5®
determined as the concentration of citric acid solution at
which the patient coughed ar least five umes after a 1-
minute inhaladon using an ultrasonic nebulizer. Thereafter,
participants judged as cough-reflex hypersensitive under-
went chest x-ray, esophageal endoscopy, or a 24-hour pH
monitoring® to investigate the cause of cough. It was im-
possible to examine four of the participants judged to be
cough-reflex hypersensitive using esophageal endoscopy or
a pH monitoring system because of their poor physical and
mental status. No particdpant could precisely answer
a questionnaire related to symproms of GERD because
of poor cognitive and physical functions. Second, a 1-month
randomized, controlled trial was conduncted for 28 days in
elderly residents with cough-reflex hypersensitivity to in-
vestigate an empirical effect of proton pump inhibitors (PPIs)
on cough-reflex hypersensitivity. They were randomly
assigned to the PPl-eated group (lansoprazole 15mg/d)
or the control group (placebo 1 rablet/d), using a random-
numbers table and were investigated for change in cough-
reflex sensitivity. The local ethical committee in the nursing
home approved the protocol.

The distribution of the number of patients at each con-
centration of cough-reflex sensitivity was tnmodal, with
peaks located at 2.8, 11.3, and 180 mg/mL as PC; (Figure 1).
Accordingly, cough reflex sensitvity was divided inwo
three groups: hypersensiuve (PCs < 2.8 mg/mL), intermedi-
are  sensinve (2.8—45.0mg/ml), and hyposensitive
(PCs > 45.0mg/mL). The numbers of patients with hyper-
sensitive, intermediate, and hyposensitive cough reflexes
were 20 (16.3%), 70 (59.3%), and 30 (24.4% ), respectively.
There was no significant difference in age between the

ps.

Sixteen of 20 participants with cough-reflex hypersen-
sitivity who were examined had some findings of esopha-
geal hiatus hernia and GER or esophagitis. Three of 16
participants were defined as grade A according to the Los
Angeles classification for GERD.!? Six of 13 participants
not defined as having GERD underwent 24-hour pH mon-
itoring of the upper gastroesophageal tract, and GER was
diagnosed if esophageal pH was less than 4.0 for longer
than 4.9% of roral srudy time.’* All six fir the criteria for
GER, and their esophageal pH was less than 4 for a mean of
7.05% of the time that they were being monitored. All of
participants had esophageal hiarus hernia.

In the PPI trial study, there was no significant difference
between groups in sex, age, or PC; at Day 0. The interven-
tion of lansoprazole medication for 4 weeks raised PC;
significantly from a low 10 a healthy range (1.7 £ 0.7 w0
14.5 + 6.0 mg/mL) in patients with cough-reflex hypersen-
sitivity (P<.001). In contrast, in the placebo group, there
was no significant difference in PC; between Day 0 and Day
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Number of patients

0.7 1.4 28 56 11.3 225 45 090 180 360
PCg (mg/mL)

Figure 1. The distribution of congh-reflex sensitivities in older
people in nursing homes. PCs = individnal cough reflex sensi-
tivity, determined as the concentration of citric acid solution at
which the patient coughed ar least five times.

28. In a comparnison between the groups at Day 28, PC; in
the PPI-treared group was significantly higher than that of
the control group (P <.001).

In conclusion, the prevalence of older people with
cough reflex sensitivity in nursing homes is similar to thar of
older people with cough-reflex hyposensitivity, Medication
with PPl for 1 month is effective against cough-reflex
hypersensitivity in older people, probably due to GER.

Satoru Ebihara, MD, PED

Takae Ebibara, MD, PhkD

Miyako Yamasaki, MD

Masanon Asada, MD, PkD

Shinsuke Yamanda, MD

Kaijun Nin, MD, PhD

Hidetada Sasaki, MD, PhD

Hiroyuki Arai, MD, PhD
Department of Geriatrics and Respiratory Medicine
Tohoku University School of Medicine
Sendai, Japan

ACKNOWLEDGMENTS

We thank Mr. Tom Mandeville for reviewing the manu-
script. This work was performed ar Tohokn University
School of Medicine.

Financial Disclosure: This study was supported by
Grants-in-Aid for Scientfic Research (15590795, 18014004,
and 17590777) from the Ministry of Education, Science, and
Culture of Japan, and by a Grant for Longewity Science
(16C-1, 18C-7) from the Ministry of Health, Labor and
Welfare of the Japanese government.

Author Contributions: Satoru Ebihara: study design,
interpretation of dara, preparanon manuscript. Takae
Ehihara: study concept, acquisition of subjects, interpreta-
tion data: Miyako Yamazaki, Masanori Asada, Shinsuke
Yamanda, Niu K: acquisition of subjects. Hidetada Sasaki:
study concept, supervision. Hiroyuki Arai: interpretation of
dara, preparation manuscript, and supervision.

Sponsor's Role: None.



1685 LETTERS TO THE EDITOR

REFERENCES

1. Sckizawa K, Ujiic Y, Itabashi § et sl. Lack of cough reflex in aspiration preu-
mania. Lancet 1990,335:1228-1229.
2. Yamaya M, Yanai M, Ohrui T et al. Inter to prevent g

OCTOBER 2007-VOL. 55, NO. 10 JAGS

Table 1. Association Between Hip Fracture and Depres-
sion in 766 Elderly Patients Admitted 10 a Geriatric
Rehabilitation Unit

amang older adults. | Am Genatr Soc 2001;49:85-50.

3. lrwin RS, Madison M. The p Iy bl cough. Am | Respir Crit
Care Med 2002;165:1465-1474,

4. Folstein MTF, Folitein SE, McHugh PR. "Mini-mental state™: A practical meth-
od for gading the cognitive state of patients for clinician. ] Prychiatry Res
1975,12:189-198.

5. Mahoney Fl, Barthel DW. Functional evaluation; The Barthel Index. Maryland
Srate Med ] 1965;14:61-65,

6. Schmidt D, Jorres RA, Mag H. Citric acid-induced cough thresholds in
normal subjects, paticnes with bronchial asthia, and smokers. Eur ] Med Res
1857;2:384-380.

7. Morice AH, Kastelik JA, TF R. Cough chall
cough reflex. Br ] Clin Pharmacol 2001;52:365-375,

8. Ziora D, Jarosx W, Daielicki ] et al. Citric acid cough threshold in patients with

phageal reflux disease rises after laparoscopic fundeplication. Chest
2005;128:2458-2464.

9. Hongo M, Kimpara T, Moriyama 5 et al, Effect of rabeprazele (E3810), &
novel proton pump inhibitor, on intragastric pH in healthy volunteers. Tohalku
] Exp Med 1998;186:43-50.

ge in the of

10, Armstong D, Benneix JR, Blum AL ctal. The end i of esophagit
A mmmeL&mqu!mtﬂM

11. Richeer JE. Ambal geal pH g Am ] Med 1997:103:
1305-1345.

HIP FRACTURE AND DEPRESSION IN ELDERLY
PATTENTS: IS THERE A SEX EFFECT?

To the Editor: We read with grear interest the arncles by
Burns er al.’ and Lenze et al.? and the related editorial by
Kamholz and Untitzer® on hip fracture and depression.

The problem is important, because depression is a
highly disabling condition in itself, and when it is associated
with hip fracture, it has a profound effect on prognosis.

Thanlfully, depression is a relatively modifiable con-
dition no matter whether it is a cause or resnlt of disability,
bur until now, there have been no studies identifying pre-
dictors of depression post-hip fracture and none that ad-
dress methods of prevention and intervention.?

We discuss dara taken from a population of 766 elderly
patients not affected by severe dementia (26.2% men; mean
age + standard deviation 78.8 * 7.6) consecutively admit-
ted to the Geriatric Evaluation and Rehabilitation Unit
(GERU), P. Richiedei Hospital, Gussago, Brescia, Italy. In
particular, we present data emphasizing the role of sex as a
risk factor for depression after an important negative event
such as hip fracture.

Only first admissions that took place over the study
period were considered.

Admission to the GERU was based on the clinical judg-
ment of potential benefit of a multdimensional assessment
and rehabilitation programs. Parients in immediate and
obvious need of nursing home placement were excluded.
Only subacute patients were selected for admission, and
those with acute conditions were excluded. The most prev-
alent diagnoses on discharge were musculoskeletal disorder
(72%), ischemic heart disease (56%), chronic obstructive
pulmonary disease (44%), hip fracture (%), and parkin-
sonism (7%). The mean length of stay was 29.6 + 13.0 days.

Two trained sraff geriatricians performed a multidi-
mensional evalvation, including information on demo-
graphics (age, sex, education, living site before admission

Total (N = 766) Women (n=585) Men (n=201)

Fractura Status N (36)

Not fractured 286/623 {45.9) 219/438 (42.9) BTHB4 (36.4)
Fractured B8/143 (47.5) 571126 (45.2) 1117 (64.7)
Dam are expressed as ber of depressed over the total number of

subjects for each specific group.

and after discharge, living conditions, and caregiver or for-
mal support availability), cognitive and affective starus,
physical health, funcrional abilities, and social support on
the third day after admission using a standard protocol.
Como:bidity was assessed using the Charlson Index.* cog-
nitive status using the Mini-Mental State Examination
(MMSE),® depressive symptoms, using the Genatnc
Depression Scale (GDS, 30 items),® malnutrition usmg the
Prog'nomc Nutritional Index (PNI, score <40),7 and dis-
ability using the activity of daily living scale.® Depression
was considered present in patients with a MMSE score
greater than 12 our of 30, chinically depressed at the psy-
chiatric interview, and scoring 15 or higher on the GDS.

The association berween hip fracture and depression is
reported in Table 1 and shows a peculiar sex effect. In the
female gronp admirted with hip fracture, the prevalence of
depression was not different from that found in those ad-
mitted for other reasons (45.2% vs 49.9%). However, male
patients with hip fracture had almost two times the prev-
alence of depression as those admitted for other conditions
(64.7% vs 36.4%).

Depressed men and women with hip fracture were also
had different MMSE scores (18.9 + 7.1 vs 23.6 + 2.6) and
Charlson Index (1.2 £ 1.6 vs 0.9 & 0.9), whereas no differ-
ences were detected between groups in terms of age, edn-
cation, living alone, serum albumin, or PNI.

Data show differences between men and women in
terms of suffering dg}:.resston after hip fracture, a wend
previously suggested.” Men had also more cognitive im-
pairment and more comorbidity than women, indicating a
more-compromised health status.

Men and women who incur a hip fracture have higher
nisks of dying or being institutionalized within 2 years than
their peers; the independent effect of hip fracture on this
outcome is significantly greater for men than women.'? The
data from the current study may at least parrially explain
this sex specificity, because depression may be the most im-
portant factor linking hip fracrure with mortality. From this
perspective. sex specificity could be an important issue in
the studies on predictors of depression after hip fracture.
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Macrophage Colony-Stimulating Factor Improves
Cardiac Function after Ischemic Injury by Inducing
Vascular Endothelial Growth Factor Production and

Survival of Cardiomyocytes

Tatsuma Okazaki,* Satoru Ebihara,*
Masanori Asada,* Shinsuke Yamanda,*
Yoshifumi Saljo,T Yasuyuki Shiraishi,”
Takae Ebihara,* Kaijun Niu,* He Mei,*
Hiroyuki Arai,* and Tomoyuki Yambe!

From the Department of Geriatrics and Gerontology,® Toboku
Uriversity School of Medicine, Sendai; and the Department of
Medical Engineering and Cardiology,! Istitute of Development,
Aging, and Cancer, Tobolas University, Sendai, Japan

Macrophage colony-stirnulating factor (M-CSF), known
as a hematopoietic growth factor, induces vascular en-
dothelial growth facior (VEGF) production from skeletal
muscles. However, the effects of M-CSF on cardiomyo-
cytes have not been reported. Here, we show M-CSF
increases VEGF production from cardiomyocytes, pro-
tects cardiomyocytes and myotubes from cell death,
and improves cardiac function after ischemic injury. In
mice, M-CSF increased VEGF production in hearts and
in freshly isolated cardiomyocytes, which showed M-
CSF receptor expression. In rat cell line H9¢2 cardiomy-
ocytes and myotubes, M-CSF induced VEGF production
via the Alt signaling pathway, and M-CSF pretreatment
protected these cells from H,0,-induced cell death. M-
CSF activated Akt and extracellular signal-regulated ki-
nase signaling pathways and up-regulated downstream
anti-apoptotic Bel-xL expression in these cells. Using
goats as a large animal model of myocardial infarction,
we found that M-CSF treatment after the onset of myo-
cardial infarction by permanent coronary artery liga-
tion promoted angiogenesis in ischemic hearts but did
not reduce the infarct area. M-CSF pretreatment of the
goat myocardial infarction model by coronary artery
occlusion-reperfusion improved cardiac function, as as-
sessed by hemodynamic parameters and echocardiog-
raphy. These results suggest M-CSF might be a novel
therapeutic agent for ischemic heart disease. (Am J
Pathol 2007, 171:1093-1103; DOL 10.2353/ajpath. 2007.061191)

The administration of angiogenic growth factors such as
vascular endothelial growth factor (VEGF) is an innova-
tive strategy to treat myocardial ischemia. VEGF has
bsen usad in animal models and In clinical trials of myo-
cardial ischemia to devslop growth of collateral blood
vessels and to promote myocardial perfusion, and its
therapeutic potertial has besn raported,™ Hematopoiatic
growth factors are potent therapeutic agents for myocar-
dial infarction. Erythropoietin improved cardiac function
after myocardial infarction.** Granulocyte colony-stimu-
lating factor (G-CSF) improved cardiac function and pre-
vented cardiac remodeling after myocardial infarction.® A
combination of stem cell factor and G-CSF treatment
improved cardiac function and survival after myocardial
infarction.” Macrophage colony-stimulating factor (M-
CSF) in combination with G-CSF improved ventricular
function after myocardial infarction in rats, but few results
weare shown by M-CSF treatment alone, and their mech-
anism was not defined.® Moreover, to sstimate growth
factor-induced therapeutic angiogenesis in hearts, large
animal models are necessary,? but the sffects of M-CSF
in large animal models have not been reported, M-CSF
has been initially characterized as a hematopoietic
growth factor, and has been used 1o prevent severe
infections in myelosuppressed patients after cancer che-
matherapy.®'? M-CSF stimulates the survival, prolifera-
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