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Purpose: This study investigated if individuals with chronic obstructive pulmonary disease (COPD) and frailty are more likely to
have acute exacerbations of COPD or require hospitalization for exacerbation than those without frailty.

Patients and Methods: Data on 135 outpatients with stable COPD were analyzed with the Cox proportional hazards model to assess
the risk of future events. The Kihon Checklist was administered at baseline to classify the participants as robust, pre-frail, or frail. The
follow-up period was a maximum of six and a half years.

Results: In all, 76 patients (56.3%) experienced an exacerbation and 46 (34.1%) were hospitalized due to it. Multivariate Cox
proportional hazards analysis that accounted for FEV| and sex showed that the frail group was more likely to face future risks of
COPD exacerbations [Hazard ratio 1.762 (95% CI 1.011-3.070), p=0.046] and hospitalizations for exacerbation [2.238 (1.073—4.667),
p=0.032] than the robust group. No significant differences were observed when comparing robust patients to those who were pre-frail
or pre-frail to frail either in exacerbations or hospitalizations. When comparing the C-indices for frailty and FEV|, the former index
(exacerbation 0.591 and hospitalization 0.663) did not exceed the latter (0.663 and 0.769) in either analysis.

Conclusion: Frail COPD patients have a more unfavorable future risk of acute exacerbations of COPD and hospitalizations for
exacerbation than robust patients. However, no significant differences were observed when comparing robust patients to those who
were pre-frail or pre-frail to frail, suggesting that the future risk for COPD patients with frailty is only higher compared to those who
are considered robust. Additionally, FEV| was found to be a more reliable predictor of future events than measures of frailty.
Keywords: COPD, acute exacerbations of COPD, hospitalization, future risk, Kihon Checklist

Introduction

All clinical indicators should be evaluated from three perspectives: their ability to discriminate between subjects, detect
change, and predict future outcomes. As for discriminative properties in patients with chronic obstructive pulmonary
disease (COPD), forced expiratory volume in one second (FEV,) remains a key indicator for the diagnosis of COPD,
with FEV /forced vital capacity (FVC) less than 0.70 being a well-established criterion for diagnosis, although other
indices have been proposed. In terms of predictive characteristics, FEV; was also considered the best prognostic tool and
marker of treatment response in the twentieth century,' but physical activity and exercise capacity are now considered to
be better predictive indicators.* As an example of evaluative predispositions, the primary endpoint of previous clinical
trials was mostly FEV/, but this is now often replaced by a reduction in the frequency of acute exacerbations of COPD.
As such, although FEV| may have been supplanted by other indices, it remains the most accessible and convenient
indicator and still plays a central role in the management of COPD.

Although the relationship between aging and COPD has long been discussed, research on the relationship between
frailty and COPD has received more attention since frailty is linked to aging. A number of cross-sectional studies have
demonstrated the discriminative property of frailty in subjects with COPD.*” A previous study noted that COPD patient
with frailty may respond well to pulmonary rehabilitation, one of the standard treatments for COPD, but subsequently
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experience rapid deterioration of their disease, especially after the end of rehabilitation.*!' Therefore, the predictive
property of frailty is still an important research question. The long-term mortality of COPD patients with and without

d, 12-20

frailty has been investigate and the predominant conclusions are that those who are frail have a poorer prognosis

than their non-frail counterparts, and that frailty is one of the predictors of mortality for COPD patients.'*'*!¢1820 I the
daily care of COPD patients, acute exacerbation of COPD and hospitalizations or readmissions are more frequent
problems that often concern both patients and practitioners, so whether or not frailty can predict these events is an
important question.

The first study comparing the prediction of exacerbation between COPD patients with and without frailty was reported in
2019 by a post hoc analysis of data from the National Emphysema Treatment Trial (NETT), a large multicenter clinical trial
conducted by the National Heart, Lung, and Blood Institute in the United States.'® In their study, frail participants had
a significantly increased rate of hospitalization compared with those who were non-frail. These results were supported by
those from research groups in Beijing and the UK, the latter by Hanlon et al using data from the UK Biobank.'*'®!” Although
there are several factors that have been reported as predictors of acute exacerbations in subjects with COPD, including severity
of airflow limitation,>' * COPD-specific health status measured by patient-reported outcomes (PROs) such as the COPD
Assessment Test (CAT),>> % symptoms of chronic bronchitis,*® blood eosinophilia®' and a history of exacerbations that may
reflect an independent susceptibility phenotype,** the severity of airflow limitation or FEV, may be the most common
characteristic of patients who subsequently develop acute exacerbations, especially from the standpoint of COPD patient care.
This study sought to answer the following research questions:

1. Are frail COPD patients more likely to develop acute exacerbations of COPD than those without frailty?
2. Are frail COPD patients more likely to undergo hospitalization due to exacerbation than those without frailty?
3. Which is a better predictor of exacerbation and hospitalization, airflow limitation or frailty?

Materials and Methods
From 2013 to 2023, the Respiratory Medicine Outpatient Clinic at the National Center for Geriatrics and Gerontology collected
data for a longitudinal study on individuals diagnosed with COPD.*>*? Participants who met the inclusion criteria and provided
informed consent were assessed every 6 months, including postbronchodilating pulmonary function tests and the collection of
PROs measurements. Previous study results have examined the predictive properties of PROs using information obtained at the
first visit as a baseline.”> In 2015, we added the Kihon Checklist to our cohort survey, allowing for an alternative diagnosis of
frailty.** Thus, for the present analysis, the baseline was defined as the time the Kihon Checklist was first administered, to examine
whether the information at that time was related to the time of the first exacerbation or hospitalization due to exacerbation.

We studied 141 clinically stable COPD patients aged 50 years and older with a smoking history of 10 or more pack-years,
a post-bronchodilator FEV/FVC ratio of less than 0.7, no abnormal shadows on chest radiographs, no active lung disease, no
uncontrolled comorbidity, and no change in treatment regimen in the preceding four weeks. Exclusion criteria included history
of asthma (self-reported) and exacerbations of COPD in the preceding three months. All participants had at least six months of
previous outpatient treatment to avoid subsequent changes due to new medical interventions. The study was approved by the
Ethics Committee of the National Center for Geriatrics and Gerontology (No. 1138-3) (updated on 12 July 2020). It was
conducted in accordance with the Declaration of Helsinki, and written informed consent was obtained from all participants. As
we have reported on the association between frailty and mortality using an almost identical dataset,™ this paper is the result of
a second analysis of the same study participants who were consecutively recruited from February 2015 to February 2022.

Subjects were instructed to arrive at the study site at least 12 hours after cessation of bronchodilator use. Spirometry was
performed with a CHESTAC-8800 spirometer (Chest, Tokyo, Japan) more than 60 minutes after inhalation of a dry powder
formula of long-acting bronchodilators and was monitored by a physician. The highest values from three tests were used and
residual volume (RV) was calculated using the closed-circuit helium method. All measurements were performed by laboratory
technicians according to the guidelines of the American Thoracic Society and the European Respiratory Society.** The
predicted values for lung function were calculated according to the guidelines of the Japanese Respiratory Society.>”

The Kihon Checklist is a self-administered 25-item questionnaire covering activities of daily living, physical strength,
nutritional status, oral condition, cognitive status and risk of depression.® The Total score of the Kihon Checklist ranges

1132 "oes International Journal of Chronic Obstructive Pulmonary Disease 2024:19
Dove


https://www.dovepress.com
https://www.dovepress.com

Dove Nishimura et al

from 0 (no frailty) to 25 (severe frailty), and the frailty status of the participants was classified as robust (0-3), pre-frail
(4-7), or frail (8-25).7 Notably, the BMI score was calculated using values obtained from measurements taken at the
same time as the pulmonary function test, rather than self-reported.*> The health status of individuals with COPD was
evaluated using previously validated Japanese versions of the CAT.*® The CAT consists of eight items, each of which is
scored from 0 to 5 in relation to cough, phlegm, chest tightness, breathlessness, activity limitation, confident to leave
home, sleep and energy. The total score of the CAT ranges from 0 to 40, with a score of zero indicating no impairment.*®

All participants were followed and evaluated for a maximum of six and a half years until January 2023. The time
from enrolment to the last involvement or event was documented for examination. Acute exacerbation of COPD was
defined as a worsening of respiratory symptoms requiring treatment with systemic corticosteroids or antibiotics, or
both.?* However, six cases in which the presence or absence of acute exacerbations could not be determined due to
insufficient data caused by a limited follow-up period were excluded from the analysis.

Study results are expressed as mean + standard deviation and p-values less than 0.05 were considered to be
statistically significant. Kruskal-Wallis and Fisher’s exact tests were used to compare differences between groups.
Univariate and multivariate Cox proportional hazards analyses were performed to assess the associations between
measurements and subsequent events, with results presented as hazard ratios (HR) and 95% confidence intervals (CI).
The C-index of an event prediction model was used to compare different models, with a higher value close to 1.0
indicating better risk prediction. Kaplan-Meier curves and Log rank tests were also used for time-to-event outcomes.

Results
A total of 135 patients (126 males) with varying degrees of airflow limitation, ranging from mild to very severe, were
included. The mean age and FEV; were 75.1 = 6.8 years and 1.75 £ 0.54 L (69.5 £ 20.3% predicted), respectively.
According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification of airflow limitation, 40
(29.6%) were classified as GOLD 1 (FEV; >80% predicted), 71 (52.6%) as GOLD 2 (50% < FEV; < 80% predicted), 19
(14.1%) as GOLD 3 (30% < FEV; < 50% predicted), and 5 (3.7%) as GOLD 4 (FEV; < 30% predicted). This study
differed slightly from many others in this area in that it included many older patients and had a relatively small number of
participants with severe and very severe COPD. Because the number of patients classified as GOLD 3 and GOLD 4 was
relatively small, the 24 patients classified in these categories were treated as one group for subsequent analyses.

Based on the Kihon Checklist Total score, 64 (47.4%), 36 (26.7%), and 35 (25.9%) subjects were classified as robust,
pre-frail, and frail, respectively. Table 1 shows the patient characteristics and pulmonary function test results between the

Table | Comparison of Patient Characteristics at the Baseline Assessment Between Robust, Pre-Frail and Frail
Groups Classified by the Kihon Checklist Total Score in 135 Subjects with COPD

Robust Pre-frail Frail Comparison Between
(N=64) (N=36) (N=35) 3 Groups
mean SD | mean SD | mean SD p value
Age years 730+ 66 | 760+53 | 78074 0.004%
BMI kg/m? 23.0£35 | 21.9+28 | 23.1 £33 0.1331
Cumulative Smoking pack-years 562 +31.0 | 640 £36.7 | 61.4+275 0.368"
FEV, Liters 191 £051 | 1.69 £0.56 | 1.51 +0.49 0.002%
FEV, %pred 726 £20.1 | 693 +£223 | 640179 0.169%
FEV,/FVC % 574+£99 | 546+ 116 | 538 II.1 0.2361
RV/TLC % 43.0+88 | 444+ 122 | 489+ 133 0.043%
CAT score (0—40) 60%52 85+63 13.9+80 <0.001%
Sex Male / Female 6l/3 32/4 33/2 0.453%
GOLD stage GOLDI/GOLD2 / 23/35/6 | 12/15/9 | 5721179 0.031%
GOLD3+4

Notes: The numbers in parentheses denote possible score range. TKruskal-Wallis test, SFisher’s exact test.

Abbreviations: CAT, the COPD Assessment Test; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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three groups. Statistically significant differences were observed between the groups for FEV; (L) and RV/TLC (%)
(p<0.05). However, no significant differences were found for FEV; (% pred) and FEV,/FVC (%). We also found
statistically significant differences in the CAT score and the stage of airflow limitation as defined by the GOLD
document.

Of the 135 included subjects, 76 (56.3%) had an episode of exacerbation. The mean time from enrolment to the first
exacerbation or last information was 28.3 + 25.9 months ranging from 0.2 to 96.5 months (847.6 = 775.9 days with
a range of 5 to 2896 days). In addition, 46 subjects (34.1%) were hospitalized at least once for an exacerbation, with
a mean of 41.3 £ 29.4 months ranging from 1.6 to 96.5 months (1237.5 + 882.9 days with a range of 48 to 2896 days).

Regarding the first exacerbation of COPD, univariate Cox proportional hazards analysis of the first episode of acute
exacerbation of COPD showed that the frail group was more likely to experience an acute exacerbation than the robust
group, but this was not observed in the pre-frail group (Table 2). The C-index of the frail-related categorization did not
exceed that of FEV;. To account for the expected influence of FEV; at the baseline assessment, a multivariate Cox
proportional hazards analysis was performed, adjusting for FEV, and sex. This analysis confirmed that the frail group
was significantly more likely to develop an acute exacerbation than the robust group. Such differences were not evident
upon comparing the pre-frail with the robust group through both univariate and multivariate Cox regression analyses
(Table 2). The Log rank test revealed a statistically significant difference between the frail and robust groups (p=0.002).
However, no statistically significant differences emerged in comparisons between the pre-frail group and either the robust
or frail groups (Log rank test, pre-frail vs robust, p=0.209; pre-frail vs frail, p=0.146). The Kaplan-Meier survival
analysis, utilized to evaluate the first exacerbation across the frail, pre-frail, and robust groups, is depicted in Figure 1.

In relation to the first hospitalization attributable to exacerbation, univariate Cox regression analysis detected
significant disparities both between the pre-frail and robust groups and between the frail and robust groups. However,
when adjusting for FEV; and sex through multivariate Cox proportional hazards analysis, only the frail group exhibited
a significant association with the first hospitalization due to exacerbation. This association was not observed between the
pre-frail and robust groups under the multivariate Cox regression model (Table 3). The Log rank test highlighted
a significant difference between the frail and robust groups (p=0.001), as well as between the pre-frail and robust groups
(p=0.019). Figure 2 presents the findings of the Kaplan-Meier analysis for the first hospitalization.

Discussion

The present study assessed the feasibility of assessing frailty to predict exacerbations and hospitalizations due to
exacerbation in COPD patients. The results showed that exacerbations and hospitalizations due to exacerbation were
more likely to occur in frail COPD patients than their robust counterparts. However, no significant differences were

Table 2 Univariate and Multivariate Cox Proportional Hazards Analyses on the Relationship Between the Baseline
Measurements and Acute Exacerbation of COPD

Univariate Cox Proportional Hazards Analyses Multivariate Cox Proportional Hazards
Analyses
Hazard Ratio (95% CI) p value c-index Hazard Ratio (95% CI) p value c-index
Frail 0.591 0.682
(Ref. Robust)
Pre-frail 1.418 0.218 1.092 0.767
(0.813-2.471) (0.610-1.955)
Frail 2.275 0.003 1.762 0.046
(1.325-3.907) (1.011-3.070)
Sex (Ref. Male) 2.009 0.081 0519 1.834 0.145
(0.917—4.400) (0.811-4.149)
FEV, (L) 0.329 <0.001 0.673 0.364 <0.001
(0.209-0.517) (0.227-0.584)
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Figure | Kaplan—Meier curves of cumulative incidence of acute exacerbation of COPD based on three strata (frail, pre-frail and robust) defined by the Kihon Checklist Total
score.

observed between pre-frail and either frail or robust participants. In addition, FEV, which is easily obtained in clinical
practice, was also evaluated and showed a higher C-index for predicting exacerbations and hospitalizations due to
exacerbation. Thus, while frailty is a statistically significant predictor independent of FEV, the latter appears to be more
effective in predicting future exacerbations.

Previous reports examining the association between frailty and outcomes in subjects with COPD have often
considered the question of whether the results may vary depending on how frailty is defined.'®™'® Fried et al defined
frailty as a condition meeting three out of five criteria comprising unintentional weight loss, self-reported exhaustion, low
grip strength, slow walking speed and low physical activity.*” Alternative tools such as the Frailty Index and Clinical
Frailty Scale using the cumulative deficit approach have also been validated.*' ** The present study assessed frailty using
the Kihon Checklist, a multidomain tool that is validated and widely used in Japan.>*>%3” Although we screened frailty
status using the Kihon Checklist, there might be inconsistencies in frailty classification between different screening tools.
However, the prevalence of frailty was 25.9% in our patients, which is comparable with other studies, although direct

Table 3 Univariate and Multivariate Cox Proportional Hazards Analyses on the Relationship Between the Baseline
Measurements and First Hospitalization Due to Exacerbation of COPD

Univariate Cox Proportional Hazards Analyses | Multivariate Cox Proportional Hazards Analyses

Hazard Ratio (95% CI) p value c-index Hazard Ratio (95% CI) p value c-index
Frail (Ref. Robust) 0.663 0.785
Pre-frail 2.368 (1.154-4.857) 0.019 1.569 (0.746-3.298) 0.235
Frail 3.456 (1.688-7.075) 0.001 2.238 (1.073—4.667) 0.032
Sex (Ref. Male) 1.275 (0.394-4.129) 0.686 0.510 1.107 (0.338-3.623) 0.867
FEV, (L) 0.155 (0.082-0.294) <0.001 0.769 0.181 (0.093-0.352) <0.001
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Figure 2 Kaplan—Meier curves of cumulative incidence of hospitalization due to exacerbation of COPD based on three strata (frail, pre-frail and robust) defined by the
Kihon Checklist Total score.

comparisons are difficult due to the differences in both the criteria used and the populations or settings studied. This may
be a limitation of the current study.

COPD is currently considered to be a respiratory disease with systemic manifestations, and a multidimensional
approach in addition to airflow limitation is recommended to assess an individual’s disease severity.** When a large
number of patients are assessed cross-sectionally, some patient indicators show strong correlations. Dyspnea, the most
common disease-specific symptom in patients, is thought to result from dynamic hyperinflation, but physiological airflow
limitation and hyperinflation are strongly correlated, and it is often difficult to determine which is more important.*’
Frailty, which is considered to be the strongest expression of aging, is strongly correlated with PRO measures such as
health status, as we have previously reported.’” For this reason, it is important to select the appropriate variables for
analysis. Therefore, in the present study, the analysis of frailty was adjusted for FEV; and sex. Although poor health
status measured by the CAT and a history of repeated exacerbations have been reported to be the best predictors of

exacerbation over the last two decades,?* 2622

our findings showed that FEV| may be confirmed as the best predictor
of future exacerbations, in line with established literature.>?

Some discussion of the relationship between CAT scores and frailty in terms of exacerbation prediction is warranted here.
Comparing the baseline findings in the frail, pre-frail, and robust groups in the present study, there was a significant difference
in CAT scores among the three groups (Table 1). Although few reports have studied the association between frailty and COPD-
specific health status in COPD patients, it has been reported that the St. George’s Respiratory Questionnaire (SGRQ) Total
score and frailty are significantly correlated.’® Much of the literature suggests a close association between CAT and acute
exacerbations, including reports that higher CAT scores are more likely to predict exacerbations.>>****2° The findings of the
current study that frail patients are more prone to acute exacerbations are in agreement with these findings. Whether a lower
CAT score, ie, impaired COPD-specific health status, or the presence of frailty is more strongly associated with the
development of acute exacerbations cannot be determined from the present study, and further research is needed.

This study found a significant difference in the occurrence of acute exacerbations in COPD patients with frailty compared
to those without frailty. The exact mechanism behind this difference has yet to be identified, but it is speculated that frail
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COPD patients may experience progressive muscle weakness, reduced physical activity, social isolation, and deteriorating
health, all of which could contribute to an increased risk of acute exacerbations.*® These exacerbations are often triggered by
factors such as respiratory infections, and it is possible that frail COPD patients are more susceptible to these triggers or have
a lower threshold for experiencing exacerbations. Further research is needed to confirm this hypothesis. However, there have

. g . . .. . . . 47 .4
been reports indicating a rise in inflammatory markers in frail patients,*’**

although there have been no direct studies on
COPD. This indicates that chronic inflammation is present in these patients and that unmanifested inflammation may
contribute to the development of acute exacerbations. This indicates that chronic inflammation is present in these individuals,
which is also observed in COPD cases that are frequently linked to systemic comorbidities and may contribute to the onset of
acute exacerbations.

Some limitations of the present study should be mentioned. First, this single-center study was limited by the number of
patients with COPD admitted to the study site, but it included all patients with stable COPD seen at this hospital during the
study period. Given the small sample size, it is possible that there was insufficient power to assess any association. Second, the
study design may have been subject to selection bias because we only recruited patients who could regularly attend our
outpatient clinic. It is likely that we did not include sufficient numbers of those patients without any subjective symptoms who
were unaware of having COPD, or patients who could not regularly attend our clinic due to the heavy physical burden. A small
proportion of patients with severe or very severe COPD could lead to bias. Lastly, because our study included predominantly
men, generalizing these results to women with COPD may be unwarranted. However, as the number of women with COPD in
Japan is quite low, the study reflects the reality of clinical COPD in our population.

One of our previous studies also examined the ability of some patient-reported outcome (PRO) measurement tools to
predict three future events: death, acute exacerbation, and resulting hospitalization, and found that different PRO measurement
tools gave quite different results for different events.”> Thus, we hypothesized that different future events to be predicted
would result in different prognostic abilities for frailty. Therefore, from the viewpoint of the prognostic ability of frailty, we
decided to analyze the predictive ability of mortality first, and published a separate paper on our study of mortality and frailty
as defined by the Kihon Checklist in the same cohort using an almost identical sample to that used in the current study.>* The
previous study focused on mortality, whereas the current one focused on acute exacerbations and hospitalizations resulting
from exacerbations. From the perspective of the predictive value of frailty, whether the event to be predicted was death or acute
exacerbation and resulting hospitalization, the results were significantly different only between frail and robust patients, and
the results were similar between the events to be predicted. This suggests that differences in events may be less important from
the perspective of predicting outcomes. However, we cannot rule out the possibility that different data sets might give different

results, and we hope that further research will be conducted in this area.

Conclusion

This study examined the predictive properties of frailty for both acute exacerbations of COPD and hospitalizations due to
exacerbation in patients with COPD and sought to determine which was more strongly associated with future events,
airflow limitation or frailty. We found that both acute exacerbations of COPD and hospitalizations for exacerbation were
higher in frail COPD patients than in robust COPD patients. However, no significant differences were observed when
comparing robust patients to those who were pre-frail or pre-frail to frail, suggesting that the future risk of COPD
patients with frailty is only higher compared to those who are considered robust. Therefore, these findings can be
considered a narrow result, as frail COPD patients only have a worse future risk compared to the robust patient group.
However, the C-index did not reach the level of the most commonly used FEV,, suggesting that FEV, is a better
predictor of these future events than frailty.
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