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Abstract

Introduction: This study examined the possible associations between frailty and
patient-reported outcomes (PROs) in elderly patients with asthma.

Methods: Participants completed the Kihon Checklist for frailty screening as well
as the following tools for measuring generic- and disease-specific health-related
quality of life (HRQOL) and asthma control; the Medical Outcomes Study 36-item
short form (SF-36), the Hyland Scale (global scale), the Asthma Quality of Life
Questionnaire (AQLQ), the Asthma Control Test (ACT), and the Asthma Control
Questionnaire (ACQ).

Results: Of 69 consecutive outpatients with asthma, 38 (55.1%), 21 (30.4%), and
10 (14.5%) were classified as robust, pre-frail, and frail, respectively. Eight out
of 52 patients with asthma in the elderly (AIE) (>65 years old) (15.4%) were
considered as being frail. The Kihon Checklist total score was significantly cor-
related with all the scores obtained from the SF-36, Hyland Scale, AQLQ, ACT,
and ACQ. All these scores were significantly different between groups with and
without frailty. From the viewpoint of correlation coefficient, SF-36 Physical
Functioning correlated most strongly with a coefficient of —0.68 (P < .01), and
the Hyland Scale score was second (Rg = —0.46, P < .01). The correlations be-
tween the Kihon Checklist total score and lung function parameters were weak or
negative (IRgl < 0.35).

Discussion: There were significant associations between frailty and PROs, particu-
larly generic perception of HRQOL. Since the Kihon Checklist and PROs such as
the HRQOL overlap somewhat in their evaluation of the patients’ condition, there

might be some similarities in the conceptual frameworks of frailty and quality of life.
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1 | INTRODUCTION

Asthma is a common disease that is reported to affect
around 339 million people globally." The prevalence of
asthma in the elderly (AIE) (>65 years old) has previously
been reported to be between 4% and 13%,> and the popu-
lation aged 65 or older is estimated to grow from just over
520 million in 2010 to almost 1.5 billion by 2050.* Elderly
asthmatics are at a higher risk for morbidity and mortality
than younger asthmatic patients.5 It has been reported that
individuals identified as asthmatics showed a greater reduc-
tion in FEV | with time than those who were not.® It has also
been stated that elderly asthmatics are vulnerable to adverse
health outcomes and at risk of easily losing their quality
of life (QOL) due to age-related reductions in cognitive
and physical function, and higher rates of comorbidities.’
Health-related quality of life (HRQOL) is closely associ-
ated with asthma control and emergency department visits
among older asthma patients as with younger asthmatics,®
and poorly controlled asthma is known to be a predictor
of impaired HRQOL and health status.’ These observations
indicate the importance of HRQOL as a key clinical out-
come of aged patients with asthma and suggest that the clin-
ical course of elderly patients with asthma could be worse
than that of young asthmatics. An official report has cited a
range of issues associated with aging that could affect both
the presentation of asthma and its subsequent diagnosis
and rnanagement.7 Based on this public health background,
some review articles and recommendations focusing on
AIE have been published in the last decade.”'® However,
there have as yet only been a small number of original stud-
ies which have investigated AIE?

Frailty has been recognized as a problematic condition
that affects morbidity and mortality in aged people. This
diagnostic approach recognizes frailty as a physical con-
dition, purely assessed by physical measurement items and
is considered to be one of the phenotype approach models.
Fried et al have defined frailty as a condition fulfilling three
out of five conditions comprising unintentional weight
loss, self-reported exhaustion, low grip strength, slow
walking speed, and low physical activity.” Although their
definition has been the most widely used measure to as-
sess frailty, there are alternative frailty diagnostic approach
models such as the Frailty Index and Clinical Frailty Scale
measures, known as cumulative deficit models.'>'* The
Kihon Checklist questionnaire, one of the cumulative defi-
cit model measures, has also been reported to be a screen-
ing tool for identifying individuals suffering from frailty.
It comprises 25 items with yes/no responses, and its use
in Japanese clinical practice is widespread (Supplementary
File Table 1).1>"7

Until now, as far as we are aware, there has been only
one study which explores the association of frailty in
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subjects with asthma. The French epidemiologic cohort
study recently reported that participants with asthma
have increased risk of frailty.18 The authors hypothesized
that frailty status could be associated with the severity of
asthma or other clinical features including physiological
factors, asthma control, or HRQOL. The purpose of the
present study was to examine the prevalence of frailty and
to clarify its relationship with features of asthma in a clin-
ical setting.

2 | MATERIALS AND METHODS

2.1 | Participants

Sixty-nine consecutive patients with stable asthma from
the outpatient clinic of the Department of Respiratory
Medicine of the National Center for Geriatrics and
Gerontology (NCGG) volunteered to participate between
March 2016 and July 2018. The entry criteria for adults
with asthma were as follows: a history of asthma symp-
toms, an unchanged treatment protocol for more than 4
weeks, no exacerbations of their asthma over the preceding
6 weeks, regular attendance at our establishment for more
than 6 months, and absence of comorbidities severely af-
fecting clinical condition. Although there was no age limit
for enrollment, the majority of participants were expected
to be outpatients with AIE, that is, over 65 years old since
the establishing aim of our institute was for geriatric dis-
eases. So that patients with chronic obstructive pulmonary
disease (COPD) were excluded, those enrolled had either
never smoked or if they were current or former smokers,
had a maximum forced expiratory volume in 1 second
(FEV))/forced vital capacity (FVC) ratio exceeding 0.7 on
an earlier measurement. All of the participants gave written
informed consent. In accordance with the Global Strategy
for Asthma Management and Prevention (2019 update)
issued by the Global Initiative for Asthma (GINA),19 the
treatments were broadly grouped into the following five
steps: Step 1: absence of daily inhaled corticosteroid (ICS);
Step 2: daily low-dose ICS; Step3: low-dose ICS-long-
acting beta,-agonist (LABA); Step 4: medium-dose ICS-
LABA; and Step 5: high-dose ICS-LABA.

2.2 | Measurement

The following tests were conducted for every eligible pa-
tient on the same day: clinical and functional measures
including serum immunoglobulin E (IgE) level as well
as pulmonary function tests, assessment of frailty, and
patient-reported outcome (PRO) measurement. All partici-
pants underwent assessments of the levels of serum total
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IgE and specific IgE to house dust, dermatophagoides pter-
onyssinus and dermatophagoides farinae. If any of these
IgE levels exceeded the normal upper value, we defined
the patient’s IgE elevation as positive. Pulmonary function
testing was performed after participants had been asked
to cease inhalation of corticosteroids and bronchodilators
prior to the study. Participants underwent post-bronchodi-
lator spirometry (CHESTAC-8800; Chest, Tokyo, Japan),
residual volume (RV) measured by the closed-circuit he-
lium method, and diffusing capacity for carbon monoxide
(DLcp) measured by the single-breath technique in ac-
cordance with the standards of the European Respiratory
Society and American Thoracic SocietyTask Force in
2005.%° The predicted values for FEV, and vital capac-
ity were calculated according to the proposal from the
Japanese Respiratory Society.21

2.3 | Frailty assessment

The Kihon Checklist is a self-administered checklist com-
prising 25 items which are yes/no questions (Supplementary
File Table 1).'>!7 The 25 questions include seven categories:
instrumental (three items), social activities of daily living
(four items), physical strength (five items), nutritional sta-
tus (two items), oral function (three items), cognitive status
(three items), and depression risk (five items). Among these
items, body mass index (BMI) which is the subject of ques-
tion No. 12 was calculated using values obtained at the same
time as the pulmonary function tests, so this question was not
self-reported here. The Kihon Checklist total score is the sum
of 25 answers, and ranges from 0 (no frailty) to 25 (severe
frailty). We categorized patients’ frailty status into robust (0-
3), pre-frail (4-7), and frail (8-25), respectively.l7

2.4 | Patient-reported outcome
measurement

All participants completed a self-administered booklet which
included the Japanese versions of the following PRO meas-
ures; the Asthma Quality of Life Questionnaire (AQLQ),
the Asthma Control Test (ACT), the Asthma Control
Questionnaire (ACQ), the Medical Outcomes Study 36-item
short form (SF-36), and the Hyland Scale.””?® The completed
booklets were all checked by a member of the research team
(K.N.) to avoid the possibility of missed items.

Assessments of the degree of asthma control were con-
ducted using the ACT and ACQ.”"® The ACT is a measure
for identifying poorly controlled asthma with a 4-week recall
period, and includes five items each with a 5-point scale.?®
The ACT is scored from 5 to 25 with lower scores indicating
worse control. The ACQ is a tool for evaluating adequacy of

asthma control. In this study, five items were evaluated over a
1-week period.27 Patients responded to each item scaled from
0 (no impairment) to 6 (maximum impairment) and the total
score was calculated as the mean of the sum of five items.

The AQLQ is a validated measure evaluating disease-spe-
cific QOL comprising 32 items with a 14-day recall periocl.22
The AQLQ has 4 domains: Symptom (11 items), Activity
Limitation (12 items), Emotional Function (5 items), and
Environmental Exposure (4 items). Each item is scored from
1 to 7, and the mean of each domain is the AQLQ score. A
higher score indicates a better QOL.

To assess generic health status, we used version 2 of
the Japanese SF-36 composed of eight subscales (Physical
Functioning, Role Physical, Bodily Pain, General Health,
Vitality, Social Functioning, Role Emotional, and Mental
Health).”**>?® The SF-36 with norm-based scorings are ar-
ranged to mean scores of 50 and a standard deviation of 10 in
the Japanese general population. Higher scores reflect better
health conditions. The Japanese version of the Hyland Scale
was also used to measure global health. Its scores range from
0 to 100, where 0 = “might as well be dead”” and 100 = “per-

fect quality of life”.*

2.5 | Statistical methods

All results are expressed as means =+ standard deviation
(SD). A P value of less than .05 was considered to be sta-
tistically significant. Score distributions obtained from the
tools were evaluated by histograms and the Shapiro-Wilk
test. Relationships between two sets of data were analyzed by
Spearman’s rank correlation tests. Between-group differences
were examined using analysis of variance, and Bonferroni
tests were conducted post hoc when these differences were
found to be significant. A stepwise regression analysis was
used to identify potential predictors for the Kihon Checklist
total score and to account for the effect on that score. All sta-
tistical analyses were performed using IBM SPSS Statistics
for Windows v.19.

3 | RESULTS

A total of 69 consecutive adults (34 men) with asthma, and a
wide range of FEV (68.8 + 20.2%pred) were studied (Table 1).
The mean age of the participants was 69.4 + 10.8 years and
52 of these (75.4%) were diagnosed with AIE, defined as
aged more than 65 years. Thirty-eight (55.0%) participants
were considered to have atopy and 36 (52.2%) were never
smokers. Inhaled corticosteroids (ICS) were prescribed to all
patients and inhaled long-acting beta agonists (LABAs) were
prescribed to 59 (85.5%). Six participants (8.7%) were also
receiving long-acting inhaled anticholinergics.
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TABFE 1 . Baseline characteristics in Mean + SD Range Ry
69 patients with asthma and Spearman’s =
rank correlation coefficients with the Kihon Age years 69.4 +10.8 41-88 0.39
Checklist total score BMI kg/m* 242 +3.7 16.1-32.5 -
FVC Liters 2.89 +0.83 1.41-5.52 -0.34"
FEV, Liters 2.10 + 0.62 1.04-3.67 -0.34"
FEV,/FVC % 729 +83 45.0-90.7 -
TLC Liters 4.57 +1.08 2.56-7.76 -0.27"
DLco mL/min/mm Hg 14.60 + 5.01 4.50-27.05 -031"
PaO, mm Hg 83.0£9.7 58.8-101.3 -
ACT (5-25) 21.6 +3.5 11-25 —0.45""
ACQ (0-6) 0.48 + 0.74 0.00-3.60 0.33"
AQLQ® Symptom 1-7) 6.38 + 0.66 4.75-7.00 -0.32"
AQLQ® Activity a-7 6.18 + 0.86 3.73-7.00 —-0.50""
limitation
AQLQ® Emotional (1-7) 6.22 + 0.94 3.60-7.00 —-0.24"
function
AQLQ? (1-7) 6.54 + 0.67 4.50-7.00 -0.29"
Environmental
exposure
SF-36" Physical (0-100) 462 +11.9 3.7-57.8 —0.68"""
functioning
SE-36° Role physical ~ (0-100) 48.9 +10.5 12.5-55.7 —0.41""
SF-36° Bodily pain (0-100) 51.6 +10.8 22.4-61.7 —-0.39"
SE-36" General (0-100) 49.1 +89 29.8-69.8 -0.42""
health
SF-36 Vitality (0-100) 543 +83 33.8-69.1 —-0.34"
SF-36° Social (0-100) 52.1+85 24.8-57.0 —041"
functioning
SF-36° Role (0-100) 50.8 + 10.0 6.1-56.1 —0.42""
emotional
SF-36" Mental health  (0-100) 55.0+8.8 35.7-65.2 —0.34"
Hyland scale score (0-100) 739+ 1.6 35-100 —0.46""

Notes: Missing values of correlation coefficients indicate no statistically significant relationship. The numbers

in parentheses denote possible score ranges.

Abbreviations: ACQ, Asthma Control Questionnaire; ACT, Asthma Control Test; AQLQ, Asthma Quality
of Life Questionnaire; BMI, body mass index; DL, diffusing capacity for carbon monoxide; FEV,, forced
expiratory volume in 1 second; FVC, forced vital capacity; PaO,, partial pressure of arterial oxygen; SF-36,
Short Form 36-Item; TLC, total lung capacity.

1 = 65; °n = 66; *P < .05; **P < .01; ***P < 001.

The frequency distribution of the Kihon Checklist total
scores is depicted in Figure 1, showing a non-normal score
distribution (Shapiro-Wilk test, P < .001). Depending on the
Kihon Checklist total score, participants were classified into
the following three groups: 38 (55.1%) robust, 21 (30.4%)
pre-frail, and 10 (14.5%) frail. In addition, 8 out of the 52
participants with AIE (15.4%) were considered to be frail.

We then compared the differences between groups with
and without frailty as categorized by the Kihon Checklist total
score (Figures 2—4 and Supplementary File Table 2).While
physiological parameters such as the results of pulmonary

function testing showed no significant between-group dif-
ferences (Supplementary File Table 2), there were signifi-
cant between-group differences in the scores obtained from
tools to measure asthma control (Figure 2), disease-specific
(Figure 3), and generic (Figure 4) HRQOL. All scores ob-
tained from the ACQ, AQLQ, and SF-36 were significantly
different between the robust and frail groups. Some scores
were significantly different between the robust and pre-frail
groups, and others between the pre-frail and frail groups.
The correlations between the Kihon Checklist total
scores and clinical and physiological factors are listed
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20 25
total Kihon Checklist score FIGURE 2 Comparison of asthma control measured by the
Asthma Control Test (ACT) among groups of robust, pre-frail, and
FIGURE 1 Frequency distribution histogram of the Kihon frail. Asterisks (*) show statistically significant differences (P < .05)

Checklist total score

Symptom Activity Limitation Emotional Function Environmental Exposure
7.00 7.00 7.00
6.00 6.00 6.00
5.00 5.00 5.00
Robust Prefrail Frail Robust Prefrail Frail Robust Prefrail Frail Robust Prefrail Frail

FIGURE 3 Comparison of disease-specific health-related quality of life measured by four domains of the Asthma Quality of Life
Questionnaire (AQLQ) among groups of robust, pre-frail, and frail. Asterisks (¥) show statistically significant differences (P < .05)

Physical Functioning Role Physical Bodily Pain General Health

Robust Prefrail Frail Robust Prefrail Frail Robust Prefrail Frail Robust Prefrail Frail

Vitality Social Functioning Role Emotional Mental Health

Robust Prefrail Frail Robust Prefrail Frail Robust Prefrail Frail Robust Prefrail Frail

0

FIGURE 4 Comparison of generic health-related quality of life measured by eight subscales of SF-36 among groups of robust, pre-frail, and
frail. Asterisks (*) show statistically significant differences (P < .05)

in Table 1. Age had statistically significant correlations TLC (L) (Rg = —0.27, P = .03), DLo (ml/min/mm Hg)
with the Kihon Checklist total score (Rg = 0.39, P < .01). (Rg = —0.31, P = .01), and DL (% pred) (Rg = —0.26,
With respect to pulmonary function testing, FVC (L) P = .03) had only weak correlations with the Kihon
(Rg = —-0.34, P = .01), FEV, (L) (Rg = —0.34, P < .01), Checklist total score. As for PROs, the Kihon Checklist
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total scores had moderate correlations with all of the do-
mains of the AQLQ score (Rg = —0.25 to —0.50, P < .01
or P < .05), the ACT score (Rg = —0.45, P < .01), and
the Hyland Scale score (Rg = —0.46, P < .01). All SF-36
subscale scores were also moderately or weakly correlated
with the Kihon Checklist total scores. From the viewpoint
of correlation coefficient, SF-36 Physical Functioning
correlated most strongly with a coefficient of —0.68 (P <
.01), and the Hyland Scale score was second (Rg = —0.46,
P < .01). Table 2 shows the comparison of frequency
of frailty, clinical indices, and scores obtained from the
Kihon Checklist and patient-reported outcome measures
between the treatment steps provided by the GINA. All
participants with frailty are categorized as being in Step 5,
which is the severe asthma group.

Stepwise multivariate regression analysis was then
performed to identify those variables that predicted the
Kihon Checklist total score. We chose several indepen-
dent variables on the basis of our presumption that they
were related to the clinical course of asthma and frailty:
age (years), serum Ig E level, airflow limitation (FEV,L),
asthma control (ACT score), and generic HRQOL (SF-36
PF) as explanatory variables. Using a multiple linear re-
gression model with the backward stepwise method, the
only significant predictive variable of the Kihon Checklist
total score was SF-36 Physical Functioning (f = —0.62, P
< .01). However this variable explained only 38.6% of the
variance.

4 | DISCUSSION

As far as we are aware, only one epidemiological study of
frailty in asthma patients has been published hitherto,'® and
this is the second report on the prevalence of frailty and its
close relationship with HRQOL in patients with asthma. The
present study showed that the prevalence of frailty was 14.5%
in 69participantswith asthma, whose mean age was 69.4
years, including 15.4% of the 52 with AIE. A systematic re-
view and meta-analysis by Marangoni et al reported that the
prevalence of frailty in individuals with COPD was 20%,%
and our own previous study which was conducted in a similar
manner at the same site also showed that 21.5% of outpa-
tients with COPD were considered as beingfrail.30 Therefore,
compared with COPD, prevalence of frailty appeared to be
somewhat lower in asthma.

We explored the cross-sectional relationship between
frailty status using the Kihon Checklist questionnaire and
various clinical indices in patients with asthma. Significant
correlations were found between patient-reported outcome
measurements and the Kihon Checklist total score, and there
were statistically significant between-group differences
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between the robust and the pre-frail or frail groups. So far,
the Kihon Checklist has been considered to reflect cumula-
tive deficits in relation to physical, psychological, and social
conditions of elderly patients. From the viewpoint of correla-
tion coefficients between the Kihon Checklist total score and
scores obtained from tools for PRO measure, SF-36 Physical
Functioning correlated most strongly with a coefficient of
—0.68. Since the Hyland Scale score was second, the Kihon
Checklist total score appears to be closer to the generic per-
ception related to HRQOL. In other words, since the Kihon
Checklist and PROs such as the HRQOL overlap somewhat
in their evaluation of the patients’ condition, there might be
some similarities in the conceptual frameworks of frailty
and QOL. Another point is that there is the possibility that
the factors that determine poor health also determine what
frailty is, at least in the case of how it is defined in the Kihon
checklist.

As the Kihon Checklist is in common use throughout
Japan,lS’17 we aimed to investigate which variables contrib-
ute to the Kihon Checklist total score by stepwise multiple
regression analyses, but cumulative coefficients of determi-
nation were relatively low. Over half of the variance is unex-
plained, suggesting that the contributory factors we selected
were not necessarily appropriate and that other variables
could better explain the total Kihon Checklist score. The re-
sult of this approach is similar to that of our previous study
conducted on participants with copD.*

Our study contained some limitations, most of which re-
late to its design. First, the present single-center study was
limited by the small number of participants with AIE even
though asthma is considered to be one of the common dis-
orders. This study may include selection bias because we re-
cruited those patients who were able to regularly visit our
establishment. It is possible that we unintentionally excluded
an appreciable number of those patients who ignored respira-
tory symptoms and were unaware of having asthma, or those
unable to visit our clinic on a regular basis due to their heavy
physical burden. However, it did contain all of the patients
with asthma who were able to enroll during the study pe-
riod since the mission of our institute is to provide health ser-
vices for the aged population. Taking this possible population
bias into consideration, generalization of these results may
be uncertain. Second, we focused on correlational analysis,
which is not optimal for identifying the potential causes of a
phenomenon.

In conclusion, this is the first study assessing the prev-
alence of frailty in patients with asthma, especially AIE. It
was shown that frailty screened by the Kihon Checklist might
be more closely associated with PROs relating to generic
HRQOL than lung function in patients with asthma. It may be
speculated that there are some similarities in the conceptual
frameworks of frailty and QOL.
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TABLE 2 Comparison of frequency of frailty, clinical indices, and scores obtained from the Kihon Checklist and patient-reported outcome

measures between the treatment steps currently provided by the Global Initiative for Asthma (GINA)

Frail

The Kihon
Checklist total
score

Age

BMI

FvC

FEV,

FEV,/FVC

TLC

DLco

PaO,

ACT

ACQ

AQLQ'
Symptom

AQLQ' Activity
limitation

AQLQ'
Emotional
function

AQLQ'
Environmental
exposure

SF-36° Physical
functioning

SF-36% Role
physical

SF-36° Bodily
pain

SF-36% General
health

SE-36 Vitality

SF-36% Social
functioning

SF-36% Role

emotional

SF-36> Mental
health

Hyland scale
score

Frequency

(0-25)

Years
kg/m?
Liters
Liters
%
Liters
mL/min/mm Hg
mm Hg
(5-25)
(0-6)
-7

(1-7)

-7

-7

(0-100)
(0-100)
(0-100)
(0-100)

(0-100)
(0-100)

(0-100)
(0-100)

(0-100)

STEP 1+2 STEP 3+4 STEP 5
N=8 N=12 N=49
N=0(0%) N=0(0%) N=10(20%)
28+20 23+21 46+3.6
70.9 + 6.0 61.6+153 71.1 +£9.0°
248 +42 24.0 +3.5 242 +3.7
273 +0.53 3.40 +0.92 2.79 +0.79
2.10 + 0.43 2.55+0.72 1.99 + 0.55°
77.1+55 749 + 6.3 71.8 +8.7
431 +0.83 5.06 + 0.98 4.50 + 1.10
12.82 +5.07 17.45 +5.23 14.20 + 4.61
832+ 7.4 86.2 + 10.1 82.1 + 9.6
22.6 +3.0 22.6+2.7 21.1+3.6
02+02 0.1 £0.2 0.6 +0.8
6.8+ 04 6.8 +0.1 6.2 +0.7°
6.6 +0.6 6.6 + 0.6 6.0+ 0.9
6.7+04 6.8+03 6.0+ 1.0°
6.9 +0.2 6.8 +0.4 6.4 +0.7
88.6 + 8.9 88.2 +23.5 80.6 + 17.6
91.4 +10.8 96.0 + 5.5 84.4 +22.1
948+94 88.5 + 18.1 71.9 + 24.6
70.5 + 14.9 58.9 + 16.9 60.2 +16.2
84.4 +10.4 71.6 +11.4 68.9 + 16.5*
953 + 8.7 943 +9.8 88.8 + 18.3
90.6 + 12.8 97.0+7.3 87.4 +22.1
89.4 +8.5 81.8 +11.1 794 +17.7
78.8 + 15.2 81.3+12.3 713 +15.5

Abbreviations: ACQ, the Asthma Control Questionnaire; ACT, the Asthma Control Test; AQLQ, the asthma quality of life questionnaire; DL, diffusing capacity for
carbon monoxide; FEV, forced expiratory volume in 1 second; FVC, forced vital capacity; PaO,, partial pressure of arterial oxygen; SF-36, Short Form 36-Item; TLC,

total lung capacity.

3P < .05 versus STEP 142; °P < .05 versus STEP 3+4; °P < .05 versus STEP 1+2 and STEP 3+4; 'n = 65; *n = 66.
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