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had a significantly lower BMI, greater smoking history in pack-years, and
poorer pulmonary function. There were no significant differences between the
elderly and non-elderly in the prescription rates of common medications such
as inhaled corticosteroids, long-acting beta-agonists (LABA) administered via
inhaler or transdermal patch, long-acting muscarinic antagonists, or leuko-
triene receptor antagonists. In contrast, mucoactive drugs (18.7% vs. 12.3%, F
< 0.01) and macrolides (7.9% vs. 4.0%, P < 0.01) were prescribed more fre-
quently for the elderly than for the non-elderly. The proportion of patients
receiving transdermal LABA was higher in the elderly than in the non-elderly
(4.7% vs. 2.4%, P = 0.02). Conclusions: According to this survey, the pre-
scription rates of mucoactive drugs, macrolides, and transdermal LABA were
significantly higher in the elderly than in the non-elderly.
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1. Introduction

The prevalence of asthma among older adults has been reported to range from
2.5% to 7.0% in Europe and the United states [1] [2] [3] and is predicted to con-
tinue increasing in the future as the global population ages [4]. Asthma in the
elderly requires urgent attention in view of the higher mortality rates, higher
costs for hospitalization and medication, and poorer quality of life elderly asth-
matics endure compared to younger adults with the disease [5] [6].

Elderly patients with asthma are more likely to be under diagnosed and un-
dertreated [7], partly because the pathophysiology of asthma in the elderly be-
comes more complex with age-related changes such as loss of lung function [8],
alterations in immune function such as elevated basal levels of inflammation and
reduced innate and adaptive responses [9], and increasing comorbidities [10].
Long-term cigarette smoking might modify the pathophysiology of asthma in
the elderly. Tobacco smoking exposure and aging have been identified as risk
factors for the development of asthma-chronic obstructive pulmonary disease
(COPD) overlap syndrome (ACOS), a condition characterized by partly irre-
versible airflow limitation, neutrophilic airway inflammation, and airway re-
modeling [11].

Japan currently has the world’s oldest population. The elderly (65 years or
older) accounted for 26.6% of the Japanese population in 2015 and are fore-
casted to account for about 40% by 2050 [12]. Accordingly, the proportion of
adult asthma patients aged 65 and over has increased from 36.7% in 1996 to
41.7% in 2014 [13]. While the total mortality from asthma has gradually de-
creased, the elderly (65 years or older) account for a growing percentage of
asthma deaths in Japan. As of 2013, almost 90% of the patients who died from
asthma were elderly [14]. While the appropriate treatment to reduce asthma

mortality in the elderly is crucially needed, the treatments for the elderly some-
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times diverge from the current guidelines because of conditions such as inspira-
tory flow limitation, poor inhaler technique, cognitive impairment, and comor-
bidities [15] [16]. Drug-drug interactions are another particular concern in the
elderly, as well as adverse drug effects induced by dysfunctions of the liver and
kidney [17]. Elderly patients have also been excluded from many of the clinical
trials [4], which limits the available data on asthma treatment strategies for
them.

In this study, we aimed to assess how respiratory physicians manage asthma

in the elderly in real-world clinical settings in Japan.

2. Materials and Methods
2.1. Study Design and Subjects

This is a cross-sectional study based on data collected from a questionnaire sur-
vey filled out by respiratory physicians on the asthma and COPD treatment they
administered in Tokyo Medical and Dental University and 15 affiliated hospitals
(JA Toride Medical Center, St. Luke’s International Hospital, Tsuchiura Kyou-
dou General Hospital, Japanese Red Cross Musashino Hospital, Ome Municipal
General Hospital, Hiratsuka Kyosai Hospital, Yokohama City Minato Red Cross
Hospital, Yokosuka Kyosai Hospital, Yamanashi Prefectural Central Hospital,
Tokyo Kyosai Hospital, Kudanzaka Hospital, Hokushin General Hospital, Mi-
shima General Hospital, Soka Municipal Hospital, Nitobe Memorial Nakano
General Hospital) between December 2014 and February 2015. The inclusion
criteria for the patients covered by the survey were: 1) 20 years of age or older, 2)
a physician diagnosis of asthma or COPD, 3) regular follow-up on an outpatient
basis for more than 3 months before study enrollment, and 4) agreement to par-
ticipate in the survey. All participants provided written consent. Physicians filled
out the questionnaire on the treatments they administered for each patient, in-
cluding medications, home oxygen therapy, and pulmonary rehabilitation. Data
on age, sex, body mass index (BMI), smoking status, pulmonary function test
results, symptoms of asthma, the modified Medical Research Council (mMRC)
scale, COPD assessment test (CAT) score, and hospitalization for exacerbation
in the previous year were also collected from the medical records. Patients were
divided into two groups: the elderly group aged 65 and over and the non-elderly
group aged less than 65 years old.

This study was approved by the Medical Research Ethics Committee of Tokyo
Medical and Dental University (approval date: October 10, 2014; Approval
#1883) and by the institutional review boards of the participating hospitals.

2.2. Statistical Analysis

Statistical analyses were performed using GraphPad Prism 5 software (GraphPad,
California, USA). Continuous variables were summarized as means and standard
deviations. Categorical data were summarized as numbers and percentages. De-
nominators varied according to missing responses. The Student’s t-test and

Chi-square test were applied for comparisons between two groups. A P value of
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less than 0.05 was regarded as statistically significant.

3. Results

3.1. Patient Characteristics

Data on 3426 patients from 16 institutes were collected and the 76 respiratory
physicians practicing at the institutes answered the questionnaire. Out of 2466
patients with identified asthma, 21 patients with incomplete demographic in-
formation (sex, age) and 404 ACOS patients diagnosed with both asthma and
COPD were excluded. The remaining 2,041 patients were used for the study. The
patients in this population had a mean age of 61.2 years. In total, 747 (36.6%) of
the patients were males, 648 (36.9%) had a smoking history (25.7 + 25.6 pack-
years), 1018 (49.9%) were 65 years old or older, and 1023 (50.1%) were under 65
years old. Table 1 compares the patient characteristics between those aged 65
and over (elderly) and less than 65 (non-elderly). The mean ages of the elderly
and non-elderly were 74.4 and 47.8 years, respectively. The elderly group had a
significantly lower BMI, lower percentage of current smokers, and poorer pul-

monary function than the non-elderly group.

Table 1. Patient characteristics.

Elderly Non-elderly
(=65 years) (<65 years) P
Total number 1018 1023
Age, years 74.4 9.7 478 +11.2 <0.01
Age group, n (%)
<45 years 371 (36.2)
45 - 54 years 324 (31.7)
55 - 64 years 328 (32.1)
65 - 74 years 553 (54.3)
75 - 84 years 384 (37.7)
>85 years 81 (8.0)
Male, n (%) 374 (36.7) 373 (36.5) 0.89
BMI, ]x(g/m2 234 +3.8 243 +5.1 <0.01
Smoking status, n (%) <0.01
Known 879 877
Never 569 (64.7) 539 (61.5)
Former 291 (33.1) 255 (29.1)
Current 19 (2.2) 83 (9.5)
Smoking amount, pack-years 34.2 £ 30.6 17.9 £ 16.6 <0.01
Pulmonary function test
VC, % predicted 949 +18.1 101.6 £ 15.6 <0.01
FVC, % predicted 92.7 +18.4 101.6 £ 15.6 <0.01
FEV1, % predicted 83.0 +21.7 89.9 +19.0 <0.01
FEV1/FVC (%) 69.1 +11.9 75.5+11.8 <0.01

Data are given as the mean + SD unless otherwise indicated. For smoking status, percentages were calcu-
lated based on the number of known patients. BMI, body mass index; VC, vital capacity; FVC, forced vital
capacity; FEV1, forced expiratory volume in one second.
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3.2. Details of Treatment

In the questionnaire survey, the respiratory physicians provided details on the
treatments the patients received. Figure 1 compares the medications received by
the elderly and non-elderly. The treatments administered in the elderly and
non-elderly patients were as follows: inhaled corticosteroids (ICS) in 96.0% and
97.0%, long-acting beta-agonists (LABA, inhaler or transdermal patch) in 71.9%
and 75.5%, long-acting muscarinic antagonists (LAMA) in 3.9% and 4.9%, and
leukotriene receptor antagonists (LTRA) in 46.4% and 50.3%, respectively. There
were no significant differences between the two groups in the prescription rates
of ICS, LABA, LAMA, LTRA, theophylline, oral corticosteroids, or omalizumab.
The elderly received anti-allergic drugs other than LTRA (antihistamines, Th2
cytokine inhibitors, thromboxane A2 receptor antagonists) less frequently than
the non-elderly (8.0% vs. 10.7%, P = 0.04). Mucoactive drugs, namely, mucore-
gulators and expectorants (18.7% vs. 12.3%, P < 0.01) and macrolides (7.9% vs.
4.0%, P < 0.01), were prescribed significantly more frequently for the elderly
than for the non-elderly. Four elderly and six non-elderly patients received tra-
ditional Japanese herbal medicine (kampo), 4 elderly patients and 1 non-elderly
patient received home oxygen therapy, and 1 elderly patient underwent pulmo-

nary rehabilitation.

3.3. Drug Delivery Devices

The types of preferred drug delivery devices prescribed for the elderly were also
analyzed. Patients using both types of device were doubly counted. Table 2

shows the results. Among patients receiving LABA, the proportion receiving

LABA:

ICS—-.
'——I

LAMA
LTRA:

Theophylline

OCSs

Omalizumab
Anti-allergic drugs J=*

Mucoactive drugs

Macrolides ] **

] ** Il Elderly
[ Non-elderly

0

20 40 60 80 100

Proportion (%)

Figure 1. Treatment prescribed by respiratory physicians for elderly (black columns) and non-elderly (white columns) patients

with asthma. ICS, inhaled corticosteroids; LABA, inhaled or transdermal long-acting beta-agonists; LAMA, long-acting muscarin-

ic antagonists; LTRA, leukotriene receptor antagonists; OCS, oral corticosteroids. Mucoactive drugs include mucoregulators and

expectorants. *P < 0.05, **P < 0.01.
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Table 2. Drug delivery devices prescribed for the elderly and the non-elderly.

Elderly Non-elderly
(=65 years) (<65 years) p
(n=1018) (n=1023)
LABA, n (%) 0.02
Transdermal LABA 35 (4.7) 19 (2.4)
Inhaled LABA 709 (95.3) 760 (97.6)
ICS or ICS/LABA, n (%) 0.75
PMDI 147 (14.9) 159 (15.5)
DPI 837 (85.1) 864 (84.5)
ICS + LABA, n (%) 1.0
Combination 696 (96.0) 745 (97.4)
Separation 29 (4.0) 20 (2.6)

Patients using both types were doubly counted. LABA, long-acting beta-agonists; ICS, inhaled corticoste-
roids; pMDI, pressurized metered-dose inhaler; DPI, dry powder inhaler.

transdermal LABA was significantly higher in the elderly than in the non-elderly
(4.7% vs. 2.4%, P = 0.02). Among patients receiving ICS or ICS/LABA combina-
tions, the proportion of patients using pressurized metered-dose inhalers
(pMDIs) did not differ between the elderly and non-elderly (14.9% vs. 15.5%).
Among patients receiving both ICS and LABA, the proportion of patients re-
ceiving ICS/LABA combinations did not significantly differ between the elderly
and non-elderly (96.0% vs. 97.4%).

3.4. Asthma Symptoms and the mMRC Scale

We analyzed the survey data on the patients’ asthma symptoms and the mMRC
scale. Figure 2(a) shows the existence and frequency of asthma symptoms in the
elderly and non-elderly. The proportion of asymptomatic patients was signifi-
cantly higher in the elderly than in the non-elderly (635/974 [65.2%] vs 544/
1000 [54.4%], P< 0.01).

As Figure 2(b) shows, the proportion of patients scoring 0 on the mMRC
scale was significantly lower in the elderly than in the non-elderly (439/704
[62.4%] vs. 472/605 [78.0%], P< 0.01).

3.5. Hospitalizations for Exacerbation in the Previous Year

We analyzed the survey data on hospitalizations due to asthma exacerbation.
The proportion of patients who had been hospitalized in the previous year did
not differ between the elderly and non-elderly (54/974 [5.5%] vs. 56/992 [5.6%]).
When we performed a further analysis disregarding age, however, a significantly
higher proportion of patients receiving mucoactive drugs or macrolides had
been hospitalized in the previous year compared to patients not receiving them
(10.1% vs. 4.8%, P< 0.01; 19.8% vs. 4.8%, P < 0.01; respectively).
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Figure 2. (a) The frequency of asthma symptoms. The respective columns show the pro-
portions of patients with no symptoms (gray), symptoms less than once a week (green),
symptoms more than once a week (yellow), daily symptoms with no disturbance of daily
life (red), daily symptoms with disturbance of daily life (purple); n = 974 in the elderly, n =
1000 in the non-elderly. (b) The modified Medical Research Council (mMRC) scale. The
respective columns show the proportions of patients with mMRC scale 0 (gray), 1
(green), 2 (yellow), 3 (red), and 4 (purple); n = 704 in the elderly, n = 605 in the
non-elderly. *P < 0.01 compared to the non-elderly.

4. Discussion

According to the questionnaire survey on treatments administered to adult pa-
tients with asthma in Japan, the prescription rates of mucoactive drugs, macro-
lides, and transdermal LABA were significantly higher in the elderly than in the
non-elderly. There were no significant differences in the prescription rates of
ICS, LABA (inhaler or transdermal patch), LAMA, or LTRA between the same
two groups.

Although asthma in the elderly has been commonly recognized as under-
treated [7], one recent study has shown that the elderly are often prescribed ICS
and receive relatively aggressive care compared to younger patients [18]. Simi-
larly, the present study found no significant differences between the elderly and
non-elderly in the prescription rates of major controller medications such as
ICS, LABA, LAMA, or LTRA. Neither the Global Initiative for Asthma (GINA)
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2016 nor the guideline from the Japanese Society of Allergology in 2015 makes
any recommendations on the use of mucoactive drugs or macrolides for asth-
matic patients [14] [19]. Some of the patients in this study, however, received
these medications in clinical settings in Japan. The proportion of patients who
had been hospitalized in the previous year was significantly higher among the
patients receiving mucoactive drugs or macrolides than among those not re-
ceiving them. We assumed, therefore, that the respiratory physicians in our
study considered these medications as treatment options for asthma. Indeed, a
real-world investigation in Italy recently reported that macrolides influenced the
reduction of severe asthma exacerbations [20]. Several clinical trials and animal
experiments have demonstrated that mucoactive drugs can prevent airway
hyperresponsiveness [21] [22] [23]. Another possible reason for the higher pre-
scription rates of mucoactive drugs or macrolides for the elderly in our study
was the convenience of administering these medications regardless of low inspi-
ratory flow rates or poor inhaler technique.

On the question of drug delivery, previous studies reported that transdermal
LABA was effective in improving asthma control and health status [24] [25], and
that elderly patients adhere to transdermal LABA more faithfully than to inhaled
LABA [26]. The physicians surveyed in our study prescribed transdermal LABA
more frequently for the elderly than for the non-elderly, possibly because they
recognized these benefits.

Underreporting of subjective symptoms is considered an important issue in
elderly asthmatics, given the portended risk of treatment delay [27]. The elderly
have been shown to be less aware of their own symptoms of bronchoconstriction
[28]. Similarly, our study identified a significantly higher proportion of asymp-
tomatic patients among the elderly. Several possible explanations for this finding
are available: the elderly might be less aware of their symptoms or less likely to
report them; physicians might be less reliable in recognizing asthma symptoms
in the elderly; asthma in the elderly might actually be well controlled. In either
case, physicians should carefully monitor their patients and use objective meas-
ures of asthma control, especially for asthma in the elderly.

Dyspnea, a common symptom in the elderly, is mainly caused by respiratory
disease, cardiovascular disease, deconditioning, and respiratory muscle weakness
[29]. While the proportion of patients complaining of dyspnea in our study was
significantly higher in the elderly than in the non-elderly, we could not tell
whether any comorbidities were affecting their symptoms. Further surveys will
be required to accurately identify the causes of their dyspnea.

Hospitalizations for asthma are reported to be more common in older adults
than in younger adults [27] [30]. On the contrary, there was no significant dif-
ference in the proportion of hospitalizations due to asthma exacerbation be-
tween the elderly and non-elderly in our study. This might be explained by the
exclusion of ACOS patients, a population significantly older and at greater risk
of hospitalizations than patients with asthma alone [31] [32], from our analysis.

When we included 404 patients with ACOS in the analysis, the proportion of
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hospitalizations in the previous year became significantly higher in the elderly
than in the non-elderly (8.0% vs. 5.7%, P= 0.03).

Our study was subject to two important limitations. First, we used cross-sec-
tional data for the analyses. Second, the questionnaire targeted not patients, but
physicians, who may have had an incomplete understanding of the patients’
subjective symptoms or their adherence to the treatments prescribed. We as-
sume that our study was meaningful in spite of these limitations, as it was con-
ducted on a large population of elderly patients and faithfully reflected their
management in real-world clinical settings at multiple institutions.

In conclusion, mucoactive drugs, macrolides, and transdermal LABA were
more likely to be prescribed for the elderly asthmatic patients than for the
non-elderly asthmatics, whereas the prescription rates of major controller medi-
cations such as ICS, LABA (inhaler or transdermal patch), LAMA, or LTRA did
not differ by age.
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Appendix: Survey Questionnaire

Date: //

O Asthma OPreviously diagnosed asthma (in remission) CJCOPD
Age:
Sex: Male/Female

Smoking status: Current/Ex/Never/Unknown,  cigarettes per day x years

BMI:

GOLD classification of severity of airflow limitation in COPD: I [OJII OIIII
O1v OUnknown

Symptoms of asthma:

OAbsence

[OPresence: Less than once a week/More than once a week/

Daily, no disturbance of daily life/Daily, disturbance of daily life

OUnknown

mMRC: 000 01 O2 O3 04 OUnknown
CAT: _ [OUnknown

Pulmonary function test:

%VC % %DLCO %
%EVC % %DLCO/VA %
%FEVI % RV/TLC(%) ____ %
FEVI/EVC (%) %

Treatment:

aIcs

OLABA:

OICSALABA:

OLAMA:

COLABA/LAMA:

[O0SABA [OSAMA

OLTRA OTheophylline

OTraditional Japanese herbal medicine (kampo)
[OOmalizumab [1Oral corticosteroids

[OMacrolides CIM ucoactive drugs

OAnti-allergic drugs

[OHome oxygen therapy

OPulmonary rehabilitation

COPD exacerbation in the previous year:

Hospitalization for COPD exacerbation in the previous year:

Hospitalization for asthma exacerbation in the previous year:
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