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Objective: This study aimed to explore the risk factors for readmission within 90 d in Chronic Obstructive Pulmonary Disease
(COPD) patients with frailty and construct a clinical warning model.

Methods: COPD patients with frailty hospitalized in the Department of Respiratory and Critical Care Medicine of Yixing Hospital, Affiliated
to Jiangsu University, were retrospectively collected from January 1, 2020, to June 30, 2022. Patients were divided into readmission and control
groups according to readmission within 90 d. The clinical data of the two groups were evaluated by univariate and multivariate logistic
regression analyses to identify readmission risk factors within 90 d in COPD patients with frailty. Then, a risk quantitative early warning model
was constructed. Finally, the model’s prediction efficiency was evaluated, and external verification was carried out.

Results: The multivariate logistic regression analysis showed that BMI, number of hospitalizations in the past year > 2, CCI, REFS,
and 4MGS were independent risk factors for readmission within 90 d in COPD patients with frailty. The early warning model for these
patients was established as follows: Logit (p) = —1.896 + (—0.166 x BMI) + (0.969 x number of hospitalizations in the past year > 2) +
(0.265 x CCI) + (0.405 x REFS) + (—3.209 x 4MGS), and presented an area under the ROC curve (AUC) of 0.744 [95% CI: 0.687—
0.801]. The AUC of the external validation cohort was 0.737 (95% CI: 0.648-0.826), and the AUC of the LACE warning model was
0.657 (95% CI:0.552-0.762).

Conclusion: The BMI, number of hospitalizations in the past year > 2, CCI, REFS, and 4MGS were independent risk factors for
readmission within 90 d in COPD patients with frailty. The early warning model presented a moderate predictive value for assessing
the risk of readmission within 90 d in these patients.
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Introduction
Chronic Obstructive Pulmonary Disease (COPD) is characterized by high morbidity and mortality. The incidence of COPD in
people over 60 has reached 27%"* and has become the world’s third leading cause of death.’ The risk of frailty in COPD patients
is twice as high as in non-COPD patients due to aging, smoking, neuroendocrine dysfunction, immune system dysfunction, and
chronic inflammation,*> and has a proportion of 9-28% in COPD patients.® Additionally, COPD patients with frailty usually
have a higher risk of adverse events, such as acute exacerbation, readmission, falls, disability, and even death.*?

Frequent acute exacerbation of COPD might promote disease progression, increase the risk of readmission and death,
and severely impair the quality of life of patients.” The readmission rate of COPD patients within 90 d is about 17.5—
39%.%° Moreover, the in-hospital mortality is higher in COPD patients readmitted within 90 d than in those not (13.4 vs
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2.3%).'° Frailty is an independent risk factor for short-term readmission in COPD patients, increasing the risk of acute
exacerbation and hospitalization.”

Studies on COPD with frailty are urgently required since the risk of acute exacerbation, readmission, and death in
these patients has significantly increased. However, no early warning model for readmission within 90 d in COPD
patients with frailty is currently available. Therefore, in the present study, we explored the risk factors of readmission
within 90 d in COPD patients with frailty through case-control studies. Then, we constructed a risk quantitative early
warning model suitable for clinical practice and conducted external verification. Our current findings might help
clinicians identify high-risk groups, carry out early intervention and treatment, and reduce the risk of readmission in
these high-risk COPD patients.

Methods
Study Design
This study was conducted in the Department of Respiratory and Critical Care Medicine of Yixing Hospital, Affiliated to
Jiangsu University, from January 1, 2020, to June 30, 2022. We enrolled COPD patients with frailty and collected
demographic information, laboratory test results, modified British Medical Research Council questionnaire (mMRC),
chronic obstructive pulmonary disease assessment test (CAT), Charlson Comorbidity Index (CCI), and The Reported
Edmonton Frail Scale (REFS) for comparative analysis.

This study followed the Helsinki Declaration and was approved by the Ethics Committee of Yixing Hospital,
Affiliated to Jiangsu University (Batch No. 2022 wen 082). All participants signed the informed consent.

Study Subjects
The development cohort included COPD patients with frailty hospitalized in the Department of Respiratory and Critical
Care Medicine of Yixing Hospital, Affiliated to Jiangsu University, from January 1, 2020, to September 30, 2021. The
external validation cohort included COPD patients with frailty enrolled from October 1, 2021, to June 30, 2022. Patients
were divided into readmission and control groups, whether they were readmitted within 90 d.

The inclusion criteria were:

1. Compliance with the Global Initiative for Chronic Obstructive Pulmonary Disease (GOLD) Guidelines (2019
Revision):'' Lung function test after inhalation of bronchodilators: forced expiratory volume in one second (FEV,)
/forced vital capacity (FVC) < 0.7,

2. Conform to the assessment of frailty in elderly patients under acute care [12]: REFS scale score > 8 points (frailty
diagnosis);

3. Readmission within 90 d: patients hospitalized with worsened recurrent symptoms within 90 d, such as dyspnea,
cough, and sputum, and needed to be hospitalized again with systemic steroids and/or antibiotics.'?

The exclusion criteria were:

1. Significant cognitive impairment, unable to answer self-reported questions;

2. Combined with other lung diseases such as asthma, active pulmonary tuberculosis, pulmonary embolism, and
bronchiectasis;

3. Patients who have not yet reached the discharge standard and require discharge;

4. Patients with missing clinical data.

Research Tools

Data Collection

We collected general clinical data of all subjects, including gender, age, smoking status, body mass index (BMI), length
of hospitalization, number of hospitalizations in the past year, comorbidities (hypertension, coronary heart disease, heart

976 https: International Journal of Chronic Obstructive Pulmonary Disease 2023:18
Dove!


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

Dove Li et al

failure, stroke, diabetes, and tumor), and 4-meter gait speed (4MGS). We also collected laboratory examination data:
white blood cell count (WBC), lymphocyte count, high-sensitivity c-reactive protein (hs-CRP), erythrocyte sedimentation
rate (ESR), serum creatinine (Scr), fasting blood glucose; and data of each rating scale: modified British Medical
Research Council questionnaire (mMRC),'* COPD assessment test (CAT) score,'* Charlson Comorbidity Index (CCI),"
and the Reported Edmonton Frailty Scale (REFS).'®

REFS

Within 24 h before discharge, patients were assessed for frailty using the REFS. The REFS comprises nine parts: cognitive
ability, general health status, social support, functional independence, drug use, emotional status, nutritional status, restraint,
and self-reported performance. The highest score is 18 points; the higher the score, the more severe the weakness.

4MGS

The 4MGS test was conducted as follows: a flat route (4 m long) in the diseased area was selected and taped. The patient
was required to walk in a straight line at normal speed, and a stopwatch was used to record the time to walk 4 m. Patients
were asked to repeat the 4MGS test without rest. The fastest of the two times was recorded, and the 4MGS was
calculated. Results are expressed as m/s. Patients could use their normal walkers, such as a cane or frame, and oxygen
during measurements.

Blood Sample Collection and Testing

We collected 10—-15 mL fasting venous blood within 24 h before discharge from all subjects and detected relevant serum
indicators. White blood cell count (WBC) and lymphocyte, neutrophil, platelet, and eosinophil counts were detected
using an automatic five-blood analyzer (Sysmex, Japan). The hs-CRP was detected using the immune turbidimetric
method with a C-reactive protein detection kit (immune turbidimetric method) (Orion Diagnostica Oy). Serum creatinine
(Scr), urea, total bilirubin, serum albumin (ALB), and fasting blood glucose were determined with an automatic
biochemical analyzer (Siemens ADVIA 1200).

Readmission
The readmission data were obtained by summarizing the patient’s electronic case file. The researcher was unaware of the
data during the previous hospitalization of subjects.

Statistical Analysis

The statistical analyses were performed using SPSS 27.0. Measurement data conforming to normal distribution are
expressed as XS and were compared using the #-test. Measurement data with non-normal distribution are expressed as
medians and quartiles, and the Mann—Whitney U rank sum test was used to compare groups. Count data is expressed as
cases (%) and were compared using the y> or Fisher’s exact probability tests.

The multivariate logistic regression analysis included variables with statistically significant differences in the
univariate analysis. Selected risk factors were fitted to construct a readmission warning model, and the receiver operating
characteristic (ROC) curve was used to evaluate the predictive efficacy of the model. Subjects were divided into high and
low-risk groups according to the incidence cut-off p-value. Kaplan-Meier curves were used to compare the readmission
rates of the two groups. Next, the external validation cohort data were substituted into the early warning model. The
readmission within 90 d was the outcome variable, and the prediction probability was the test variable for ROC curve
analysis. Then, we compared it with the ROC curve of LACE score.'’

All curves were plotted using GraphPad Prism. A p < 0.05 was considered statistically significant.

Results

Subjects’ General Clinical Features
First, 323 COPD patients with frailty were included. However, 10 patients were excluded due to other lung diseases such
as asthma, active pulmonary tuberculosis, interstitial lung disease, and pulmonary embolism, two due to significant
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cognitive deficits, and eight due to lack of clinical data. Finally, 303 patients were included in the development cohort.
Patients were divided into readmission (104) and control (199) groups whether they were readmitted within 90 d of
discharge (Figure 1).

The clinical characteristics of COPD patients with frailty are shown in Table 1. The average age in the readmission
and control groups was 78.04 = 8.04 and 79.76 + 7.50, and the proportion of males was 81.7% (85/104) and 77.9% (155/
199), respectively. Smokers accounted for 11.5% (12/104) in the readmission group and 18.1% (36/199) in the control

group.

Comparative Analysis of Clinical Data

The general clinical characteristics of the two groups are presented in Table 1. The readmission group presented higher
mMRC and REFS, slower 4MGS, and a higher proportion of patients with more than two hospitalizations in the past year
than the control group, as well as higher CCI and lower BMI (all p < 0.05). The other factors did not differ between the
two groups (p > 0.05) (Table 1).

Multivariate Logistic Regression Analysis

The BMI, mMRC, number of hospitalizations in the past year > 2, CCI, REFS score, and 4MGS were candidate
predictors according to the univariate analysis. Then, the multivariate logistic regression analysis was performed, and the
BMI [OR = 0.847, 95% confidence interval (CI): 0.737-0.973, p < 0.05], number of hospitalizations in the past year > 2
(OR = 2.635, 95% CI: 1.422-4.884, p < 0.05), CCI (OR = 1.304, 95% CI: 1.069-1.589, p < 0.05), REFS score (OR =
1.500, 95% CI: 1.224-1.839, p < 0.05), and 4MGS (OR = 0.040, 95% CI: 0.003-0.564, p < 0.05) were identified as
independent risk factors for readmission within 90 d in COPD patients with frailty (Table 2).

323 COPD patients with frailty
were diagnosed in the
Department of Respiratory and
Critical Care

Exclusion (n = 10):
Asthma: n=5

> Active tuberculosis: n=1

A 4 Interstitial lung disease: n=3

Pulmonary embolism: n=1

COPD patients with frailty who
met the diagnostic and research
criteria were included (n = 313)

Not enrolled (n = 10):

> Incomplete data: n=8
v Significant cognitive deficits:
n=2
The number of COPD patients
finally included in the
experiment (n = 303)
readmission Control group
group (n =199,
(n =104, 34.32%) 65.68%)
Figure | Flow diagram of patient selection.
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Table 1 General Data Comparisons Between Readmission and Control Groups
Characteristics Readmission (n = 104) Control (n = 199) Statistics p-value
Male® 85 (81.7) 155 (77.9) 0.612 0.434
Age (years)® 78.04 + 8.04 79.76 £ 7.50 —1.849 0.065
Smoking® 12 (11.5) 36 (18.1) 2.199 0.138
Smoking index (pack-year)® 6.06 = 17.70 6.73 = 15.57 —0.342 0.732
BMI (kg/m?)* 22.55 (21.40, 23.10) 23.10 (21.50, 24.30) —2.937 0.003*
hs-CRP (mg/L)* 3.50 (1.20, 11.68) 3.70 (1.20, 9.70) —0.472 0.637
ESR (mm/h)* 12 (6, 25) 15 (7, 25) —0.199 0.842
WBC (x10%/L)° 7.76 + 2.68 7.73 £ 289 0.115 0.908
Lymphocyte count (x 10%/L)® 1.32 £ 0.67 1.38 £ 0.8I —0.568 0.571
Neutrophil count (x10°/L)® 5.86 + 2.53 5.78 + 2.57 0.245 0.807
Platelet count (x 10%/L)° 180.68 + 66.12 190.14 + 77.28 —1.061 0.290
Eosinophil count (x10°/L)° 0.07 £ 0.13 0.06 £ 0.10 0.451 0.652
Ser (umol/L)® 73.51 +24.63 79.34 £ 72.19 —0.798 —0.798
BUN (mmol/L) 6.95 + 2.53 7.08 + 3.69 —0.303 0.762
Total bilirubin (umol/L)° 10.08 + 4.62 10.94 + 6.18 —1.251 0.212
ALB (g/L)° 37.27+ 4.46 3849 + 9.68 —-1.216 0.225
Glycemia (mmol/L)? 5.55 (4.63, 6.65) 5.61 (4.82,7.29) —1.411 0.158
CAT score® 15.08 £ I.10 1523 = 1.29 —0.530 0.597
mMRC score® 3.25 £ 0.52 3.02 + 061 3.361 0.001*
Number of hospitalizations in the past year > 2¢ 35 (33.7) 28 (14.1) 15.906 <0.001*
Comorbidity
Hypertension® 54 (51.9) 101 (50.8) 0.037 0.847
Coronary heart disease® 27 (26.2) 57 (28.6) 0.200 0.655
Heart failure® 47 (45.2) 82 (41.2) 0.444 0.505
Stroke® 25 (24.0) 34 (17.1) 2.106 0.147
Diabetes® 20 (19.2) 32 (l6.1) 0.477 0.490
Tumor® 10 (9.6) 12 (6.0) 1.304 0.254
CCl score® 3(2,4) 2(1,3) —3.006 0.003*
Length of hospitalization (days)® 797 + 433 791 £3.99 0.114 0.909
REFS score® 11.26 £ 1.23 10.52 = 1.36 4.649 <0.001*
4MGS (m/s)® 0.52 £ 0.10 0.55 £ 0.11 —2.333 0.020*

Notes: ®M (P25, P75); °X+£S; “Example (%); *Compared to the control group, p < 0.05.
Abbreviations: WBC, white blood cell count; hs-CRP, high-sensitive C-reactive protein; ESR, erythrocyte sedimentation rate; Scr, endogenous creatinine; BUN, blood urea
nitrogen; ALB, serum albumin; mMRC, Modified British Medical Research Council questionnaire; CAT, Chronic Obstructive Pulmonary Disease assessment test score; CCl,

Charlson comorbidity index; REFS, The Reported Edmonton Frail Scale; 4MGS, 4-meters gait speed.

Table 2 Multivariate Logistic Regression Analysis

of Readmission Within 90 d in COPD Patients with

Frailty
Predictors B value OR p-value 95% ClI
BMI —0.166 0.847 0.019* 0.737-0.973
mMRC score 0.456 1.577 0.059 0.983-2.531
Number of hospitalizations in the past year 2 2 0.969 2.635 0.002%* 1.422-4.884
CCl score 0.265 1.304 0.009* 1.069-1.589
REFS score 0.405 1.500 0.000* 1.224-1.839
4MGS -3.209 0.040 0.017* 0.003-0.564
Constant —1.896 - - -

Notes: *Compared to the control group, p < 0.05. The logit model to determine PRE_| was expressed as follows: Logit (p) = —1.896

+ (—0.166 x BMI) + (0.969 x number of hospitalizations in the past year 2 2) + (0.265 x CCl score) + (0.405 x REFS score) + (—3.209
% 4MGS). This formula was then transformed to: p = /(1 + e — x); e: natural logarithm (~ 2.718); x = —1.896 + (-0.166 x BMI) +
(0.969 x number of hospitalizations in the past year 2 2) + (0.265 x CCl score) + (0.405 x REFS score) + (—3.209 x 4MGS).
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Establishment of an Early Warning Model for Readmission Within 90 d in COPD
Patients with Frailty

Based on the multivariate logistic regression analysis (Table 2), we constructed an early warning model for readmission
within 90 d in COPD patients with frailty: Logit (p) = —1.896 + (—0.166 x BMI) + (0.969 x number of hospitalizations in
the past year > 2) + (0.265 x CCI) + (0.405 x REFS) + (—3.209 x 4MGS). This formula was then transformed to: p = 1/(1
+ e — x); e: natural logarithm (~ 2.718); x = —1.896 + (-0.166 x BMI) + (0.969 x number of hospitalizations in the
past year > 2) + (0.265 x CCI) + (0.405 x REFS score) + (—3.209 x 4MGS). The AUC of this early warning model was
0.744 (95% CI: 0.687—0.801) (Figure 2). When the cut-off point was p = 0.335, the model sensitivity and specificity were
70.2 and 68.3%, respectively.

Furthermore, we determined the AUC of five variables (BMI, number of hospitalizations in the past year > 2, CCI,
REFS, and 4MGS) and the early warning model (PRE 1) to test their predictive value. The AUCs were: 0.603 [95% CI
(0.540-0.666)], 0.598 [95% CI (0.528-0.667)], 0.602 [95% CI (0.535-0.669)], 0.648 [95% CI (0.585-0.710)], 0.577
[95% CI (0.511-0.643)], and 0.744 [95% CI (0.687-0.801)], respectively. Hence, the effectiveness of the early warning
model was better than univariate diagnoses (Figures 2 and 3).

Risk Stratification of Readmission Within 90 d

Next, we used the early warning model (PRE 1) to stratify patients based on the risk of readmission. Using a readmission
rate cut-off p-value of 0.335, the 303 subjects were divided into high (n = 136) and low-risk (n = 167) groups. The
median readmission time within 90 d in the high-risk group was 62.213 d (95% CI: 56.869-67.558), significantly shorter
than the low-risk group [80.503 d (95% CI: 77.103-83.903)] (xz =42.210, p < 0.01) (Figure 4).

External Validation

The minimum sample size for external validation was 96 cases, according to Medcalc. A total of 124 cases were included
in the external validation cohort, and their data were incorporated into the early warning model (PRE 1). The read-
mission within 90 d of COPD patients with frailty was the outcome variable, and the prediction probability was the test
variable in the ROC curve analysis (PRE_2) (Figure 2). The AUC for the external validation cohort was 0.737 (95% CI:
0.648-0.826). When the cut-off point was 0.335, the sensitivity and specificity were 70% and 69%, respectively.

100
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80
°
% 60
=
5 40 — PRE 1
2 _
— PRE 2
20 — LACE

1 1
0 20 40 60 80 100

100% - Specificity %

Figure 2 ROC curve of the early warning model (PRE_), external validation cohort (PRE_2) and LACE warning model for predicting the readmission within 90 d in COPD
patients with frailty.
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Figure 3 ROC curve of BMI, number of hospitalizations in the last year, CCI, REFS score, and 4MGS for predicting readmission within 90 d in COPD patients with frailty.
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Figure 4 Comparison of readmission time within 90 d between high and low-risk groups.

We substituted the external validation cohort data into the LACE warning model. The AUC for the LACE warning
model was 0.657 (95% CI: 0.552-0.762), and the sensitivity and specificity were 32.5% and 91.7%, respectively
(Figure 2). The predictive value of the early warning model (PRE 1) for the risk of readmission within 90 days in
COPD patients with frailty was better than that of the traditional LACE warning model.

Discussion

Herein, we conducted a case-control study and found that the BMI, number of hospitalizations in the past year > 2, CCI,
REFS, and 4MGS were independent risk factors for readmission within 90 d in COPD patients with frailty. Then, we
established an early warning model with moderate value for assessing this readmission risk. Current studies have shown
that the readmission rate of COPD patients within 90 d is about 17.5-39%,%? consistent with our findings (34.32%).
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The BMI indicates the nutritional status and has been closely related to the risk of acute exacerbation and death in COPD
patients.'®'® Patients with low BMI have a higher probability of diaphragmatic weakness, decreased lung function, and other
comorbidities (cardiovascular disease, osteoporosis, and depression). Meanwhile, malnutrition might also lead to poor
exercise capacity in COPD patients, impairing skeletal muscle capacity.'? Patients with low BMI have poor nutritional status
and are more susceptible to infections, which might lead to frequent acute exacerbation of COPD.?° Hence, the combined
effects of these factors can increase the risk of readmission within 90 d in patients with low BMIL.

Zhang et al found that COPD patients with acute exacerbation had a 3.891 times more chance of readmission if they
had more than two hospitalizations in the past year compared to those with less than two.?' Our current results showed
that the risk of readmission within 90 d increased by 2.635 times in COPD patients with frailty hospitalized more than
two times in the past year. This result might be because frequent acute exacerbation of COPD patients puts the body in
a chronic inflammatory state for a long time, resulting in rapid deterioration of lung function and reducing the quality of
life, which increases the risk of acute exacerbation readmission and leads to increased mortality.

A large-scale epidemiological study in Europe showed that the CCI is closely related to acute exacerbation and death
of COPD patients. When the CCI was > 4 points, the mortality rate of COPD patients increased by 2.89 times.”> P Luu
et al also found that the risk of acute exacerbation significantly increased in COPD patients with higher CCIL.*> These
results are consistent with our findings that the risk of readmission will increase by 1.304 times for every CCI point
increase. COPD patients with frailty usually have other comorbidities and are in a high-burden state, increasing the risk
of acute exacerbation, hospitalization, and death.®*

Various studies have shown that frailty is an independent predictor of short-term readmission in COPD patients. The
readmission rate increases with frailty severity. The possibility of readmission in patients with severe frailty is about five
times more than in patients with mild to moderate frailty.*** This result is consistent with our findings that for every
REFS score point increase, the risk of readmission increases by 1.5 times. Additionally, the 4MGS is an alternative
marker of frailty and can independently predict short-term readmission risk in hospitalized COPD patients,”**’ which
was supported by our current findings.

Studies have shown that the C-statistic of LACE index predicting 90-day readmission is 0.65, which is similar to our
research.”® Compared with the conventional LACE warning model, the prediction accuracy of our prediction model is higher.
Probably because our warning model adds the REFS score, which is more suitable for patients with COPD and frailty, and can
provide a new method for screening patients with COPD and frailty at high risk of 90-day readmission.

Furthermore, we successfully constructed a new early warning model, presenting an AUC of 0.744, a sensitivity of
70.2%, and a specificity of 68.3%. The external validation showed that the model had moderate clinical predictive value.
Then, we used the early warning model to stratify patients into high and low-risk groups. The median readmission time
of patients in the high-risk group was significantly shorter than that in the low-risk group. Thus, we believe this model
provides a basis for the early identification of COPD patients at high risk of readmission.

Study Limitations

Our current research also has some limitations. First, we conducted a single-center retrospective case-control study with
a small sample size. Second, limited by retrospective design, some important clinical data (such as 6-minute walk test,
home non-invasive oxygen therapy use, pneumonia vaccination status, and socioeconomic status) were not collected.
Third, because some patients had severe frailty and could not cooperate with lung function tests, this early warning
model does not include lung function data, which might affect the results. Fourth, some other confounding factors of
frequent acute exacerbations were not included in the analysis, such as type, dose, and duration of combined antibiotics
and anti-asthmatic drugs, which might also impact the accuracy of our results. Therefore, further prospective studies with
large sample sizes are needed to improve our findings.

Conclusion
The BMI, number of hospitalizations in the past year > 2, CCI, REFS, and 4MGS were risk factors for readmission within 90
d in COPD patients with frailty. The early warning model presented moderate predictive value for the risk of readmission
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within 90 d in these patients. All indicators in the early warning model are readily available in the clinic. Therefore, this
model might help clinicians identify patients at high risk of readmission for early intervention and treatment.
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COPD, Chronic Obstructive Pulmonary Disease; mMRC, Modified British Medical Research Council questionnaire;
CAT, Chronic Obstructive Pulmonary Disease assessment test score; CCI, Charlson comorbidity index; REFS, The
Reported Edmonton Frail Scale; FEV1, first second forced expiratory volume; FVC, forced vital capacity; BMI, Body
mass index; 4MGS, 4 meters gait speed; WBC, white blood cell count; hs-CRP, high-sensitive C-reactive protein; ESR,
erythrocyte sedimentation rate; Scr: endogenous creatinine; BUN, blood urea nitrogen; ALB, serum albumin; ROC
curve, receiver operating characteristic curve; AUC, area under the curve.
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