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INTRODUCTION

Dyspnea is an alarming symptom responsible for millions of patient visits each year. Poor
perception of dyspnea might be reasonably attributed to an inappropriately low level of fear
and inadequate earlier medical treatment for both patients and physicians, resulting in sub-
sequent intensive care. This study was conducted to evaluate medical care use and cost,
and mortality according to the perception of dyspnea in community-dwelling elderly people.
We analyzed baseline data from a community-based Comprehensive Geriatric Assessment
in 2002. The perception of dyspnea in 479 Japanese community-dwelling elderly people
with normal lung function was measured in August 2002. The sensation of dyspnea dur
ing breathing with a linear inspiratory resistance of 10, 20, and 30cmH,0/L/s was rated
using the Borg scale. According to the perception of dyspnea, we divided the elderly into
tertiles and compared all hospitalizations, out-patient visits, costs, and death through com-
puterized linkage with National Health Insurance beneficiaries claims history files between
August 2002 and March 2008. In-patient hospitalization days and medical care costs signif-
icantly increased with the blunted perception of dyspnea, resulting in an increase in total
medical-costs with blunted perception of dyspnea. With low perception group as refer
ence, the hazard ratios of all-cause mortality were 0.65 (95% CI 0.23-1.89) for intermediate
perception group and 0.31 (0.10-0.97) for high perception group, indicating the mortality
rate also significantly increased with the blunted perception of dyspnea after multivariates
adjustment (p =0.04). The blunted perception of dyspnea is related to hospitalization, large
medical costs, and all-cause mortality in community-dwelling elderly people. These find-
ings provide a rational for preventing serious iliness with careful monitoring of objective
conditions in the elderly.
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highly variable in comparison to levels of pathophysiology

Dyspnea is one of the most common symptoms responsible for
millions of patient visits each year, and one of the most com-
mon reasons for emergency department visits and hospitalization
(Fadullo et al., 1986; Parshall, 1999). Dyspnea is not only an
unpleasant physical sensation which causes reductions in func-
tional status and quality of life, but also an important alarming
symptom for both patients and doctors, as it is often a harbinger of
severe pathology, especially in elderly patients. The awareness that
early events portend an increasing severe condition is important
for timely treatment.

The etiology of dyspnea is often cardiopulmonary causes
such as congestive heart failure, asthma exacerbation, chronic
obstructive pulmonary diseases, pneumonia, and pulmonary
embolism. However, the other causes of dyspnea, such as sep-
sis, anemia, acidosis, and neuromuscular diseases, must always
be considered (Waseem et al., 2006). Although many of the
causes of dyspnea are life-threatening, the symptom appears

(Manning and Schwartzstein, 1995). The affective unpleasant-
ness of perceived dyspnea has been suggested as being par-
ticularly important for motivating patients to initiate adaptive
behavior, such as medication intake and physician visits, in a
timely manner (Banzetto et al., 2000). In the elderly, there is
a perceptual slowing for symptoms including dyspnea (Tack
et al., 1982; Killian et al., 2000). Moreover, the elderly present
special difficulties as several causes of dyspnea often coex-
ist, which may further delay correct diagnosis and adequate
therapy.

Since dyspnea can act as an alarm of life-threatening status, the
declined perception of dyspnea may result in the delayed seek-
ing of medical care and the severe medical conditions. However,
little is known about the actual contribution of the perceptional
variability of dyspnea to medical service requirements, expended
medical costs, and mortality in the elderly. The objective of this
study was to elucidate the impact of perception of dyspnea upon
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medical care utilization and costs, and mortality in the elderly.
For this purpose, we made a survey of Comprehensive Geriatric
Assessment (CGA) and the perception of dyspnea in community-
dwelling elderly people, and followed up their use of medical care
use and cost, and all-cause mortality. Since patients with chronic
respiratory diseases complain dyspnea at regular basis, the role of
dyspnea as alarm might be obscured. Therefore, we focused on the
elderly without chronic respiratory diseases.

We hypothesized that the assessment of the perception of dysp-
nea in community-dwelling elderly people would identify subjects
at risk of greater medical care use and cost, and mortality.

MATERIALS AND METHODS

STUDY POPULATION

The Tsurugaya Project was a community-based Comprehensive
Geriatric Assessment (CGA) conducted among elderly Japanese
subjects living in Tsurugaya district, a suburban area of Sendai
City in Northern Japan, between July 18th and August 8th 2002
(Kuriyama et al., 2006).

At the time of the baseline data collection, 2,780 people aged
>70years old were living in the Tsurugaya district. Letters were
sent to all of these people and inviting them to participate in the
health survey. Of those invited 1,178 participated in the survey,
and 969 gave written informed consent for the CGA survey and
medical cost follow-up to be included in the analysis. The study
protocol was approved by the institutional review board of the
Tohoku University Graduate School of Medicine.

QUESTIONNAIRE DATA

The CGA questionnaire includes (1) demographic characteris-
tics (age, sex, and duration); (2) social factors (visiting friends);
(3) lifestyle habits (smoking, alcohol use, and physical activity);
(4) physical health (history of chronic medical condition such as
stroke or myocardial infection, and present medical condition such
as cancer, liver diseases, renal diseases, and angina pectoris).

Data were obtained on (1) body mass index (BMI; in kg/mz)
as calculated from anthropometric measures by a standardized
protocol; (2) the presence or absence of diabetes mellitus, defined
as a non-fasting blood glucose concentration >200 mg/dl or the
current use of diabetic medication; (3) the presence or absence of
hypertension, defined as a self-measured home systolic blood pres-
sure >135mmHg, a home diastolic blood pressure >85 mmHg,
or the use of anti-hypertensive agents; (4) the presence or absence
of hypercholesterolemia, defined as a level of 220 mg/dl or over
or the current use of lipid-lowering agents; (5) the presence or
absence of depressive symptoms, as assessed by using the Japan-
ese versions of the 30-item Geriatric Depression Scale score <11
or >11 (Brink et al., 1982); (6) physical function status, assessed
by using the 6-item physical function status measure of the Med-
ical Outcomes Study (MOS) Short-form General Health Survey
(Lower MOS scores indicate lower physical function status; Stew-
art et al., 1988); and (7) leisure-time physical activity, assessed by
the frequency and duration of walking, brisk walking, and sports
(Niu et al., 2005).

SPIROMETRY AND SUBJECTS SELECTION
Spirometry was performed in accordance with the American Tho-
racic Society recommendations (American Thoracic Society, 1995)

1178 participants of Tsurugaya Study
43.2% of Tsurugaya residents aged >70 y

209 subjects unavailabl to
obtain medical care information

(

969 subjects

302 subjects with FEV1/FVC<70%

[ [

122 subjects with FVC<80%

545 subjects

‘

7 subjects unable to complete the
perception of dyspnea measurement

538 subjects

38 subjects with cancer

21 subjects with bronchial asthma

L[

479 subjects were
eligible for analysis

FIGURE 1 | Exclusion procedure. FEV1 denotes forced expiratory volume
in 1s, FVC forced vital capacity.

in a sitting position with a nose clip by a laboratory technician who
did not know the purpose of the study.

Data about the perception of dyspnea and spirometry with
good maneuver were obtained from 969 of the subjects. To exclude
the effect of low lung functions such as airway obstructions
and pulmonary constrictions on the perception of dyspnea, 424
subjects were excluded whose forced expiratory volume in 1s
(FEV1)/forced vital capacity (FVC) ratio was <70 or whose FVC
was <80% predicted. Furthermore, seven subjects were excluded
who provided incomplete data of the perception of dyspnea.
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Finally, 38 subjects with cancer and 21 subjects with bronchial
asthma were excluded. Thus, data from 479 subjects was included
in the final analyses (Figure 1).

PERCEPTION OF DYSPNEA

Dyspnea was induced by introducing an inspiratory resistive load
to the external breathing circuit and was assessed by the modi-
fied Borg scale (Kikuchi et al., 1994; American Thoratic Society,
1999). This is well established and validated for measuring phys-
iological as well as psychological sensations, and has been used
successfully in and recommended for studies on the perception
of dyspnea (American Thoratic Society, 1999; Grant et al., 1999;
Lavietes et al., 2000; Livermore et al., 2008).

In brief, the sensation of dyspnea was measured while the
subject breathed through the Hans—Rudolph valve with a linear
inspiratory resistance (R) of 10, 20, and 30 cmH,O/L/s. The loads
presented with increasing magnitudes. Neither ventilation nor
breathing pattern was controlled during the test. After breathing
for 1 min at each level of resistance, the subject rated the sensation
of dyspnea (discomfort of breathing) using a modified Borg scale.
This is a category scale in which the subject selects a number, from
0 (no dyspnea) to 10 (maximal dyspnea), describing the magni-
tude of the sensation of dyspnea. The discomfort of breathing was
not defined any further, but the subjects were instructed to avoid
rating non-respiratory sensations such as headache or irritation of
the pharynx.

In order to quantify the perception of dyspnea () in individ-
uals, the following equation was used (Weiner et al., 2002):

P = PYr=10 + Yr=20 + YrR=30 — 3 X Yr=p

where Yr—o, 10,20,30 represents the Borg score at R=0, 10, 20,
30 cmH;,O/L/s, respectively. Here we tried to eliminate the mouth
piece effect by subtracting the baseline sensation.

We further classified the perception of dyspnea into tertiles
according to the level of Y such as low (0 <{ <3, n=159),
intermediate (3 <Yy >9, n=166), and high (¢ >9, n=175)
groups.

OUTCOME MEASUREMENTS
We collected prospective data on medical care utilization and costs,
and death for each subject from August 2002 to March 2008. The
health insurance system, which is compulsory for everyone liv-
ing in Japan and covers almost all medical treatment and fees for
medical providers, has two classifications (Tsuji et al., 1999). One
is the insurance system for employes and their dependents, and the
other is a system of community-based health insurance for retired
persons, pensioners, the self-employed, and their dependents. The
latter system is called the National Health Insurance (NHI) plan
and covers almost all elderly people with very few exceptions.
Therefore, we obtained allowable charges from the NHI Claim
History files of the Miyagi NHI association by assessing NHI pay-
ments (reimbursement), beneficiary copayments and deductible
charges by obtaining allowable charges.

Claim files included the beneficiary’s ID number, personal
name, the code number of the medical provider, number of vis-
its for out-patient care, number of days for in-patient care, the

death day if they died, and the charges for out-patient and in-
patient care, respectively. In order to know the cause of death, we
found the hospital where they were finally involved. If the hospital
became bankrupt or an uncertain medical course was described in
the medical chart, the cause of death was unknown.

STATISTICAL ANALYSIS

The subjects’ baseline characteristics are presented according to
the perception of dyspnea categorized into tertiles as the inde-
pendent variables after adjustment for age and sex (Table 2).
Differences in variables among the categories were examined by
analysis of covariance for linear trends using the median values of
the perception of the dyspnea in each category.

We calculated medical care costs and medical care use as per
month values. Per month values for each subject were calculated by
dividing the accumulated values through follow-up by the num-
ber of months observed. Except for the data shown in Figure 3, we
examined per month values in order to avoid underestimating the
medical care use and costs of the subjects who died or emigrated.
The monetary values were converted into US dollars using the rate
of 1 US$ =¥115.

The impact of the perception of dyspnea upon the med-
ical costs, and the number of out-patient visits and hospital-
ized days were respectively investigated, using analysis of covari-
ance (Table 3). In these analyses, we regarded the following
data as covariates for multivariate analysis: age category (70-74,
75-79, 80—84 years); sex; BMI (continuous variable); hyperten-
sion, hypercholesterolemia, diabetes mellitus, history of stroke,
myocardial infarction, or angina pectoris, liver diseases, renal dis-
eases (presence or absence); cognitive function (mini-Mental State
Examination score of <24 or >24); depressive symptoms (Geri-
atric Depression Scale scores of <11 or >11); smoking (never,

100
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. Intermediate
60 B uis

S
=)

Number of subjects

20

Perception of dyspnea

FIGURE 2 | Distributions of the perception of dyspnea.

www.frontiersin.org

July 2012 | Volume 3 | Article 238 | 3


http://www.frontiersin.org
http://www.frontiersin.org/Respiratory_Physiology/archive

Ebihara et al.

Dyspnea and medical care use

former, and current smoker); use of alcohol (never, former, and
currently drinking); use of tranquilizer (yes or no); physical func-
tioning status (MOS scores [continuous variables]); leisure-time
physical activity (Level 1: no sports, no brisk walking, no walk-
ing; Level 2: no sports, no brisk walking; low amount of walking;
Level 3: no sports, no brisk walking, high amount of walking;
Level 4: no sports, low amount of brisk walking, any amount of
walking; Level 5: no sports, high amount of brisk walking, any
amount of walking; Level 6: any amount of sports, any amounts
of brisk walking, any amount of walking). Differences in vari-
ables among the categories were examined for a linear trend
using the median values of the perception of the dyspnea in each
category.

The survival curves according to the categories of dyspnea
sensation were displayed using the Kaplan—Meier curves and
also estimated by the log-rank test. We used Cox proportional
hazard models to compare the all-cause mortality among the
groups categorized by the perception of dyspnea in multivariate
analysis, expressed by the hazard ratio. We ascertained that the
proportional-hazards assumption was not violated by using log—
log plots, i.e., —In{—In(survival)} curves versus In(analysis time)
of survival curves of the 3 categories by the perception of dyspnea,
to check that curves were parallel.

A significant difference was defined as p < 0.05. All statistical
analyses were performed by using the Statistical Analysis System
9.1 edition for Windows (SAS Institute Inc., Cary, NC, USA).

RESULTS

After exclusion (Figure 1), 479 subjects attributed to the final
analysis. The distribution of the perceptions of dyspnea, which
did not follow the Gaussian distribution, is shown in Figure 2. The
subjects’ baseline characteristics according to categories of the per-
ception of dyspnea are shown in Table 1. No apparent associations
were observed among BMI, hypertension, hypercholesterolemia,
diabetes mellitus, coronary heart disease, stroke, liver and renal
diseases, depressive state, drinking, and smoking status.

Among 479 subjects with normal lung function, we compared
the medical care utilization and its cost according to the percep-
tions of dyspnea (Table 2). We analyzed the crude data, the data
after adjustment for age, sex, and BMI, and the data adjusted for
a variety of confounders. A statistically significant inverse asso-
ciation was observed between the perception of dyspnea and the
hospitalized days per month in the crude analysis (p = 0.02). This
association became more significant after adjustment for age, sex,
and BMI, and multivariate analysis (p = 0.01 and p < 0.01, respec-
tively). Although medical care costs for in-patient care was not

Table 1 | Baseline characteristics according to dyspnea tertile (n =479).

All Tertile of dyspnea p for trend
Low Intermediate High

No. of participants 479 153 160 166 -
Age 70-74 (%) 42.8 38.6 40.6 48.8 0.08
Age 75-79 (%) 34.7 33.3 40.0 30.7 0.63
Age 80-84 (%) 14.6 16.3 14.4 13.3 0.48
Age > 85 (%) 7.9 11.8 5.0 7.2 0.15
Sex (male, %) 36.5 255 35.6 476 <0.0001
BMI (kg/m?) 23.9 (23.6-24.2) 24.9 (24.0-25.8) 24.5 (23.7-25.3) 24.5 (23.7-25.3) 0.28
Hypertension (%) 66.0 66.7 68.8 62.7 0.62
HCL (%) 455 48.4 45.0 43.4 0.95
Diabetes (%) 10.4 14.4 6.3 10.8 0.46
MMSE > 24 (%) 93.1 90.9 95.0 93.4 0.76
SMOKER
Current smoker (%) 9.0 6.5 10.6 9.6 0.87
Ex-smoker (%) 251 19.6 24.4 30.7 0.87
Never-smoker (%) 63.3 70.6 64.4 55.4 0.67
DRINKING
Current drinking (%) 9.2 9.2 9.4 9.0 0.46
Ex-drinking (%) 459 55.6 45.6 374 0.13
Never-drinking (%) 40.1 28.1 44.4 470 0.08
SELF-REPORTED ILLNESS
Renal (%) 6.5 3.3 75 8.4 0.08
CHD (%) 9.8 72 13.8 8.4 0.42
Stroke (%) 5.0 5.2 3.8 6.0 0.90
Liver (%) 6.9 5.9 8.1 6.6 0.97

BMI, body mass index; HCL, hypercholesterolemia; MMSE, mini-Mental State Examination, CHD, coronary heart disease.

Variables are expressed as mean (95% Cl) or %.
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Table 2 | Adjusted medical use and costs in relation to dyspnea tertile (n=479).

Tertile of dyspnea p for trend
Low Intermediate High
No. of participants 153 160 166
IN-PATIENT CARE
No. of hospital days (days/month)
Crude 0.81 (0.49-1.13) 0.70 (0.39-1.02) 0.30 (-0.01-0.60) 0.02
Adjusted for age, sex, and BMI 0.61, (0.07-1.16) 0.51, (0.00-1.02) 0.03, (—0.48-0.54)* 0.01
Multivariate® 1.72, (0.54-2.91) 1.73, (0.58-2.89) 112, (—0.05—2.29)*T <0.01
Medical cost (dollars/month)
Crude 184.8, (119.3-250.3) 180.9, (116.8-245.0) 114.0, (51.1-176.9) 0.13
Adjusted for age, sex, and BMI 194.4, (82.7-306.0) 181.6, (78.6-284.7) 93.7. (—10.8-198.2) 0.03
Multivariate® 5872, (335.9-838.6) 592.7 (347-838.4) 480.6, (232.2—728.9)*T 0.02
OUT-PATIENT CARE
No. of hospital visits (days/month)
Crude 5.29, (4.53-6.06) 5.2, 5(4.51-5.98) 6.00, (5.29-6.71) 0.18
Adjusted for age, sex, and BMI 5.21, (3.94-6.48) 5.21, (4.03-6.38) 5.96, (4.77-7.15) 0.16
Multivariate® 8.57 (5.75-11.39) 8.40, (5.65-11.14) 9.26, (6.48-12.04) 0.20
Medical cost (dollars/month)
Crude 284.8, (246.0-323.5) 268.4, (230.5-306.3) 292.4, (255.2-329.6) 0.78
Adjusted for age, sex, and BMI 282.6, (215.6-349.6) 2670, (205.2-328.8) 291.6, (228.9-354.3) 0.75
Multivariate® 472.1, (325.3-618.9) 44738, (304.3-591.3) 468.1, (323.1-613.2) 0.88
Total medical cost (dollars/month)
Crude 469.6, (390.2-548.9) 449.3, (371.6-526.9) 406.4, (330.2-482.6) 0.26
Adjusted for age, sex, and BMI 476.9, (341.2-612.7) 448.6, (323.3-573.9) 385.3, (258.3-512.3) 0.1
Multivariate# 1059.3, (763.8-1354.8) 1040.5, (751.7-1329.3) 948.7, (656.8-1240.7) 0.04

*Adjusted for age (70-74, 75-79, 80-84, and 85+ years), sex, body mass index, hypertension, hypercholesterolemia, diabetes, history of coronary heart disease,

history of stroke, history of renal disease, history of hepatic disease, drinking status, smoking status, physical activity, physical performance, depressive symptoms,

Mini-Mental State Examination, and use of tranquilizers.

Variables are presented as mean (95% Cl).

p Values for trend are based on median levels in each tertile.

*p < .05 as compared with “Low” group (Tukey's post hoc).

"p < .05 as compared with “Intermediate” group (Tukey's post hoc).

significantly different in the crude comparison, after adjustment
for age, sex, and BMI, and for multivariate, there was a significant
reverse association between the perception of the dyspnea and the
medical care cost (p =0.03 and 0.02, respectively).

In out-patient care, both the number of medical service vis-
its and medical care costs did not significantly differ among the
categories of the perception of dyspnea. These results were not
changed after the adjustment for age, sex, and BMI, and the adjust-
ment for all cofounders. Eventually, although the total medical
care costs was not different in crude comparison, after adjustment
for the confounders, there was a significant reverse association
between the perception of the dyspnea and the total medical care
cost (p=10.04).

The Kaplan—Meier survival curves and their relation to the per-
ception of dyspnea are shown in Figure 3. Statistics using the long-
rank test did not show a significant difference among the groups
(p=0.26). The results of Cox regression analysis for the relation-
ship between the perception of dyspnea and mortality are shown
in Table 3. There was a significant reverse association between the
perception of the dyspnea and hazard ratio of mortality (p = 0.04).

The high perception of dyspnea group showed significantly lower
hazard ratio than the low perception of dyspnea group. Among the
11 deaths in the low perception group, 2 died of pancreas cancer, 2
of heart failure, 1 of aortic aneurysm, 1 of ischemic heart disease, 1
of interstitial pneumonia, 1 of pneumonia and 1 of diabetes melli-
tus. Among the 8 deaths of intermediate perception group, 2 died
of stroke, 2 of lung cancer, 1 of heart failure, 1 of burn, and 2 for
unknown causes. Among the 6 deaths of high perception group, 1
died of lung cancer, 1 of pancreas cancer, 1 of respiratory failure,
1 of suffocation, and 2 for unknown causes.

DISCUSSION

This is the first community-based screening of the perception of
dyspnea. Our study showed that the blunted perception of dyspnea
could be related to future greater medical care use and costs, espe-
cially in the medical care cost for in-patient care. Moreover, we also
showed that the blunted perception of dyspnea could be related
to future greater mortality in community-dwelling elderly people.
These results suggest that subjects maintaining a perception of
dyspnea did not develop a more severe state of diseases and did
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not require higher rates of admission to the hospital than subjects
with a blunted perception of dyspnea. The awareness that early
events portend an increasingly severe condition is important for
timely treatment. Since dyspnea serves as an alarming symptom
harboring severe pathology, patients with a well-maintained per-
ception of dyspnea have the potential to seek care earlier before the
stages which require intensive care. On the other hand, the elderly
with a blunted perception of dyspnea might be high risk group
for future greater medical care use presumably due to the severe
diseases and risk of death.

Previous studies concerning the blunted perception of dysp-
nea mainly focused on asthmatics. Kikuchi et al. (1994) reported
a significantly decreased perception of dyspnea against inspira-
tory resistive load and a decreased hypoxic ventilatory response in
patients with near-fatal asthma. The impaired sensitivity to dys-
pnea in patients with near-fatal asthma was also confirmed by
blunted dyspnea at peak exercise and breath holding (Berreiro
et al., 2004; Nannini et al., 2007). Moreover, Magadle et al. (2002)

1.00 4 M—-\L——blTHLj
en
=
=
E
Z
= 0.95
2
5 —— Low
& .
o ——  Intermediate
—— High
0.90
T T T T T T T 1
0 10 20 30 40 50 60 70
Month
FIGURE 3 | Kaplan-Meier curves for survival of subjects according to
the perception of dyspnea.

prospectively confirmed that asthmatic subjects with a low per-
ception of dyspnea are at high risk of hospitalization for near-fatal
and fatal asthma. All of these findings pointed to perception as
being a key factor in the overall management of asthma. However,
the role of dyspnea perception has heretofore not been evaluated
in the respect of the health management of elderly people.

In this study, elderly women were significantly more likely
(p < 0.001) to have a blunted dyspnea perception than were elderly
men (Table 2). In asthmatics, several studies have shown that
females report more dyspnea than males (Magadle et al., 2002;
Weiner et al., 2002), and others have not (Bijl-Hofland et al., 1999;
Stravinskaite et al., 2005). However, there is no report describing
the gender difference in the perception of dyspnea in the non-
asthmatic subjects over 70 years old. In pain perception, although
the fact that females display a greater sensitivity to pain than males
is well established, it was reported that the difference decreased
with age and became not significant (Pickering et al., 2002).
Despite many hypotheses such as biological, hormonal, genetic,
that have been proposed, the cause of gender difference in pain
perception still remains unclear. Cultural factors have also been
adduced, with the impact of education leading to a stoic atti-
tude and an under-reporting of pain in males (Otto and Dougher,
1985). Traditional Japanese women are educated to be patient by
their mother-in-law once they get married (Yamamoto and Wall-
hagen, 1998). This tendency is more prominent in the north part
of Japan where our study was conducted. Since our subjects were
enough old to be traditional, this could be a reason why the per-
ception of dyspnea in female scores were smaller than male in our
subjects.

Like any other unpleasant alarming sensation, the impaired
perception of dyspnea occurs with aging (Tack et al., 1982). In
nociception, electrophysical measures have found lower nerve con-
duction velocity in older individuals, suggesting impairment in
axon structure and function (Bouche et al., 1993). However, the
cellular and molecular basis of why nociception is altered with
age still remain unclear. In the elderly, there is perceptual slow-
ing both at the peripheral and central stages of processing (Walsh
et al., 1979). Further studies are required to elucidate the possible

Table 3 | Hazard ratios of all-cause mortality according to dyspnea tertile (n =479).

Tertile of dyspnea p for trend
Low Intermediate High
n=153 n=160 n=166
Person-months of follow up 9684 10452 10963 -
No. of cases 1 8 6 -
Hazard Ratio (95% Confidence Interval)
Crude 1.00 0.67, (0.27-1.66) 0.48, (0.18-1.29) 0.14
Adjusted for age, sex, and BMI 1.00 0.72, (0.28-1.82) 0.48, (0.17-1.31) 0.15
Multivariate® 1.00 0.65, (0.23-1.89) 0.31, (0.10-0.97) 0.04

*Adjusted for age (70-74, 75-79, 80-84, and 85+ years), sex, body mass index, hypertension, hypercholesterolemia, diabetes, history of coronary heart disease,

history of stroke, history of nephropathy, history of hepatic disease, drinking status, smoking status, physical activity, physical performance, depressive symptoms,

Mini Mental State Examination, and use of tranquilizers.
p Values for trend are based on median levels in each quartile.
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involvement of both central and peripheral processing dysfunction
in the age-related impairment of dyspnea perception.

Dyspnea in the elderly can be caused by many conditions, with
cardiac and pulmonary causes being the most common (Peder-
den et al., 2005). The most serious limitation of this study is the
unavailability of the diagnosis for each instance of medical care
use. This prevents us from investigating the effects of the percep-
tion of dyspnea on a particular disease. However, it is often very
difficult to clinically determine the cause of dyspnea, especially in
the elderly (Cabanesb et al., 2001).

In conclusion, this is the first study to investigate the effect of the
perception of the dyspnea, on medical care use and costs, and all-
cause mortality in community-dwelling elderly people. Our study
shows that the blunted perception of dyspnea could be related to
future greater medical care costs, especially in the medical care
cost for in-patient care. Moreover, it is related to higher mortality.
Therefore, the screening of dyspnea perception in the elderly as

part of routine medical care may be worthwhile, as blunted dys-
pnea perception may possibly indicate the need for more careful
subsequent medical follow-up.

ACKNOWLEDGMENTS

We thank Mr. Crittenden and Mrs. Freeman for reviewing the
manuscript. This study was supported by Grants-in-Aid for Scien-
tific Research from the Ministry of Education, Culture, Sports, Sci-
ence, and Technology (20590694,21390219, 24300187, 24659397),
Research Grants for Longevity Sciences from the Ministry of
Health, Labor and Welfare (H21-Choju-Ippan-005 H22-Junkanki-
shi-Ippan-001), the Research Funding for Longevity Sciences (22-
2) from National Center for Geriatrics and Gerontology (NCGG)
and a grant from the Suzuken Memorial Foundation. Fund-
ing: Ministry of Education, Science, and Culture, Japan; Min-
istry of Health, Labor and Welfare, Japan; Suzuken Memorial
Foundation.

REFERENCES
American Thoracic Society. (1995).

Standardization of spirom-

etry, 1994 update. Am. .
Respir.  Crit. Care. Med. 152,
107-136.

American Thoratic Society. (1999).
Dyspnea: mechanisms, assessment,
and management: a consensus state-
ment. Am. J. Respir. Crit. Care. Med.
159, 321-340.

Banzetto, R. B., Dempsey, ]. A,
O’Donnell, D. E., and Wamboldt,
M. Z. (2000). Symptom perception,
and respiratory sensation in asthma.
Am. J. Respir. Crit. Care Med. 162,
1178-1182.

Berreiro, E., Gea, J., Sanjuas, C., Mar-
cos, R., Broquetas, J., Milic-Emili, J.
(2004). Dyspnoea at rest, and at the
end of different exercises in patients
with near-fatal asthma. Eur. Respir. J.
24,219-225.

Bijl-Hofland, I. D., Cloosterman, S. G.
M., Folgering, H. T. M., Akker-
mans, R. P, van Schayck, C. P.
(1999). Relation of the percep-
tion of airway obstruction to the
severity of asthma. Thorax 54,
15-19.

Bouche, P, Cattelin, F, Saint-Jean, O.,
Leger, J. M., Queslati, S., Guez, D.,
Moulonguet, A., Brault, Y., Aquino,
J. P,, and Simunek, P. (1993). Clin-
ical, and electrophysiological study
of the peripheral nervous sys-
tem in the elderly. J. Neurol. 240,
263-268.

Brink, T. L., Yesavage, J. A., Lum, O.,
Heersema, P. H., Adey, M., and Rose,
T. L. (1982). Screening tests for geri-
atric depression. Clin. Gerontol. 1,
37-44.

Cabanesb, L., Richaud-Thiries, B.,
Fulla, Y., Heloire, F, Vuillemard,
C., Weber, S., and Dusser, D.

(2001). Brain natriuretic peptide
blood levels in the differential
diagnosis of dyspnea. Chest 120,
2047-2050.

Fadullo, A. J., Swinburne, A. J., and
McGuire-Dunn, C. (1986). Com-
plaints of breathlessness in the emer-
gency department: the experience at
a community hospital. N. Y. State J.
Med. 86, 4-6.

Grant, S., Aitchison, T., Henderson, E.,
Christie, J., Zare, S., McMurry, J.,
and Dargie, H. A. (1999). Compar-
ison of the reproducibility, and the
sensitivity to change of visual ana-
logue scales, Borg scales, and Lik-
ert scales in normal subjects dur-
ing submaximal exercise. Chest 116,
1208-1217.

Kikuchi, Y., Okabe, S., Tamura, G., Hida,
W., Homma, M., Shirato, K., and
Takishima, T. (1994). Chemosensi-
tivity, and perception of dyspnea
in patients with a history of near-
fatal asthma. New Engl. J. Med. 330,
1324-1334.

Killian, K. J., Watson, R., Otis, J.,
St. Amand, T. A., and O’Byrne, P.
(2000). Symptom perception dur-
ing acute bronchoconstriction. Arm.
J. Respir. Crit. Care Med. 162,
490-496.

Kuriyama, S., Hozawa, A., Ohmori, K.,
Shimazu, T., Matsui, T., Ebihara, S.,
Awata, S., Nagatomi, R., Arai, H.,
and Tsuji, I. (2006). Green tea con-
sumption, and cognitive function: a
cross-sectional study from the Tsu-
rugaya Project. Am. J. Clin. Nutr. 83,
355-361.

Lavietes, M. H., Sanchez, C. W,, Tiersky,
L. A., Cherniack, N. S., and Natelson,
B. H. (2000). Psychological profile,
and ventilator response to inspira-
tory resistive loading. Am. J. Respir.
Crit. Care Med. 161, 737-744.

Livermore, N., Butler, J. E., Sharpe,
L., McBain, R. A., Gandevia, S. C.,
and McKenzie, D. K. (2008). Panic
attacks, and perception of inspi-
ratory resistive loads in chronic
obstructive pulmonary disease. Am.
J. Respir. Crit. Care Med. 178,
7-12.

Magadle, R., Berar-Yanai, N., and
Weiner, P. (2002). The risk of
hospitalization, and near-fatal, and
fatal asthma in relation to the
perception of dyspnea. Chest 121,
329-333.

Manning, H. L., and Schwartzstein,
R. M. (1995). Pathophysiology of
dyspnea. New Engl. ]. Med. 333,
1647-1553.

Nannini, L. J., Zaietta, G. A., Guerrera,
A.J., Varela, J. A., Fernandez, O. M.,
and Flores, D. M. (2007). Breath-
holding test in subjects with near-
fatal asthma. A new index for dys-
pnea perception. Respir. Med. 101,
246-253.

Niu, K., Hozawa, A., Fujita, K., Ohmori,
K., Okutsu, M., Kuriyama, S., Tsuji,
L., and Nagatomi, R. (2005). Influ-
ence of leisure-time physical activ-
ity on the relationship between C-
reactive protein, and hypertension in
a community-based elderly popula-
tion of Japan: the Tsurugaya project.
Hypertens. Res. 28, 747-754.

Otto, M. W, and Dougher, M.
J. (1985). Sex differences, and
personality factors in resposivity
to pain. Percept. Mot. Skills 61,
383-390.

Parshal, M. B. (1999). Adult
emergency visits for chronic
cardiorespiratory  disease:  does

dyspnea matter? Nursing Res. 48,

62-70.
Pederden, E,

Mehlsen, .,

Raymond, I,
Atar, D., and

Hildebrandt, P. R. (2005). Preva-
lence dysfunction
as a possible cause of dyspnea
in the elderly. Am. J. Med. 118,
25-31.

Pickering, G., Jourdan, D., Eschalier, A.,
Dubray, C. (2002). Impact of age,
gender, and cognitive functioning
on pain perception. Gerontology 48,
112-118.

Stewart, A. L., Hays, R. D., and
Ware, J. E. (1988). The MOS
short-form general health
vey. Reliability, and validity in a
patients population. Med. Care. 26,
724-735.

Stravinskaite, K., Malakauskas, K,
Sitkauskiene, B., Sakalauskas, R.
(2005). Perception of dyspnea
in asthmatics with normal lung
function. Medicina (Kaunas) 41,
747-753.

Tack, M., Altose, M. D., and Cherni-
ack, N. S. (1982). Effect of aging on
the perception of resistive ventila-
tory loads. Am. Rev. Respir. Dis. 126,
463-467.

Tsuji, I, Kuwahara, A., Nishino,
Y., Ohkubo, T., Sasaki, A., and
Hisamichi, S. (1999). Medical
cost for disability: a longitu-
dinal observation of national
health insurance beneficiaries in
Japan. J. Am. Geriatr. Soc. 47,
470-476.

Walsh, D. A., Williams, M. V., and
Hertzog, C. K. (1979). Age related
differences in two stages of cen-
tral perceptual processes: the effect
of short duration targets, and cri-
terion differences. J. Gerontol. 34,
234-241.

Waseem, M., Bomann, S., and Gern-
sheimer, J. (2006). An usual cause
of dyspnea. J. Emerg. Med. 31,
37-39.

of diastolic

sur-

www.frontiersin.org

July 2012 | Volume 3 | Article 238 | 7


http://www.frontiersin.org
http://www.frontiersin.org/Respiratory_Physiology/archive

Ebihara et al.

Dyspnea and medical care use

Weiner, P., Magadle, R., Massarwa, E,
Beckerman, M., and Berar-Yanay,
N. (2002). Influence of gender,
and inspiratory muscle training
on the perception of dyspnea in
patients with asthma. Chest 122,
197-201.

Yamamoto, N., and Wallhagen, M. L
(1998). Service use by family care-
givers in Japan. Soc. Sci. Med. 47,
677-691.

Conflict of Interest Statement: The
authors declare that the research was
conducted in the absence of any com-
mercial or financial relationships that
could be construed as a potential con-
flict of interest.

Received: 14 March 2012; accepted: 12
June 2012; published online: 04 July
2012.

Citation: Ebihara S, Niu K, Ebihara
T, Kuriyama S, Hozawa A, Ohmori-
Matsuda K, Nakaya N, Nagatomi R,
Arai H, Kohzuki M and Tsuji I (2012)
Impact of blunted perception of dyspnea
on medical care use and expenditure, and
mortality in elderly people. Front. Physio.
3:238. doi: 10.3389/fphys.2012.00238
This article was submitted to Frontiers
in Respiratory Physiology, a specialty of
Frontiers in Physiology.

Copyright © 2012 Ebihara, Niu, Ebihara,
Kuriyama, Hozawa, Ohmori-Matsuda,
Nakaya, Nagatomi, Arai, Kohzuki and
Tsuji. This is an open-access arti-
cle distributed under the terms of the
Creative Commons Attribution License,
which permits use, distribution and
reproduction in other forums, provided
the original authors and source are cred-
ited and subject to any copyright notices
concerning any third-party graphics etc.

Frontiers in Physiology | Respiratory Physiology

July 2012 | Volume 3 | Article 238 | 8


http://dx.doi.org/10.3389/fphys.2012.00238
http://www.frontiersin.org/Respiratory_Physiology
http://www.frontiersin.org/Physiology
http://www.frontiersin.org/Respiratory_Physiology/archive
http://creativecommons.org/licenses/by/3.0/

	Impact of blunted perception of dyspnea on medical care use and expenditure, and mortality in elderly people
	Introduction
	Materials and Methods
	Study population
	Questionnaire data
	Spirometry and subjects selection
	Perception of dyspnea
	Outcome measurements
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References


