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Background: Readmission following COPD exacerbation is a common and challenging 
clinical problem. New approaches to predicting readmissions are required to help mitigate 
risk and develop novel interventions.
Methods: We conducted a prospective cohort study in 82 COPD patients admitted due to an 
exacerbation of COPD. Lung function measures [spirometry, forced oscillation technique 
(FOT) indices and peak inspiratory flow rate (PIFR)], inflammatory biomarkers and patient- 
reported outcomes including previous exacerbation history, breathlessness, quality of life and 
frailty were measured at admission and discharge. We prospectively followed patients for 30 
and 90 days to identify predictors for readmission.
Results: The readmission rate within 30 days was 38%, and 56% within 90 days. Previous 
exacerbations, higher COPD Assessment Test score at discharge, frailty, reduced PIFR and 
increased length of stay were significantly associated with 30-day readmission. PIFR at 
discharge and frailty had the highest predictive ability for 30-day readmission using area 
under receiver operating characteristic curves (AUC 0.86, 95% CI 0.78–0.95, p < 0.001 and 
AUC 0.81, 95% CI 0.71–0.90, p < 0.001, respectively). Ninety-day readmissions were 
significantly associated with previous exacerbations and hospitalisations, higher CAT score 
at discharge, frailty, depression, lower PIFR and greater expiratory flow limitation (EFL) in 
the supine position. The best predictive variable in multivariable analysis for both 30- and 
90-day readmission was PIFR at discharge.
Conclusion: PIFR, CAT score, frailty, and EFL were found to be associated with 30- and 
90-day readmission following COPD exacerbation. These findings help identify those at 
highest risk and to optimise care prior to discharge.
Keywords: COPD, exacerbation, admission, readmission, predictor, risk factor, PIFR, 
frailty, EFL

Introduction
Approximately 3.2 million global deaths occur each year due to chronic obstructive 
pulmonary disease (COPD),1 in which exacerbations of COPD remain a prevailing 
cause.2 Exacerbations requiring hospitalisation are associated with high mortality 
and mortality risk is increased with higher exacerbation frequencies.3 For COPD 
patients surviving hospitalisation due to COPD exacerbations, readmission is 
a major clinical problem. COPD hospital readmissions contribute to a clinical and 
economic burden on patients and society.4 Identifying and mitigating risk factors 
for readmission is, therefore, essential.5,6

A recent systematic review and meta-analysis of nearly four million COPD 
patients found that the all-cause readmission rate at 30 days ranged from 9% to 
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26%, and from 18% to 39% at 90 days.7 The commonest 
risk factors for all-cause readmissions within 30 and 90 
days were comorbidities, previous exacerbations and hos
pitalisations, and increased length of stay during the initial 
admission.7 The European COPD Audit reported higher 
in-hospital mortality in those readmitted within 90 days 
compared to those who do not get readmitted (13.4% 
vs 2.3%).8

Further investigations are needed to better understand 
the reasons for readmission and recurrence of exacerba
tions, and to identify better approaches to avoid readmis
sions. Such uncertainties have been identified as a top-ten 
research priority in a recent patient-clinician research 
prioritisation exercise for COPD exacerbations.9 Despite 
global policy makers’ initiatives to apply financial penal
ties to hospitals with higher readmission rates, limited 
impact on changing readmission has been observed.10 

Few prospective studies have been conducted in this 
important area, which limits assessment of markers that 
might be used to predict early readmissions.7 Hence, there 
is an increasing need for prospective studies to identify 
novel biomarkers or phenotypes of patients at greater risk 
of readmission,11,12 ideally identifying variables that can 
be modified through intervention. Early identification of 
patients at higher risk of readmission and providing timely 
treatment could minimise this risk. Therefore, our study 
aimed to prospectively identify risk factors of COPD read
mission within 30 and 90 days and find potential biomar
kers that can be modified to improve readmission burden.

Methods
This was a single centre prospective cohort study con
ducted on respiratory wards at the Royal Free Hospital 
London NHS Foundation Trust, UK. Ethical approval was 
obtained from the health research authority (HRA) and 
Health and Care Research Wales (HCRW) (reference 19/ 
EM/0080). All patients provided informed consent to par
ticipate in this study and this study complied with the 
Declaration of Helsinki. The trial was registered at 
ClinicalTrials.gov (NCT number): NCT04024735.13

Recruitment of Participants
We consecutively approached patients admitted to due to 
a COPD exacerbation. We identified patients from admis
sion lists that were updated every 24 hours. Over a period 
of ten months from May 2019 to March 2020, patients 
with a confirmed diagnosis of COPD (post-bronchodilator 
FEV1/FVC <0.70 and appropriate exposure history) and 

being managed for an exacerbation were recruited. In 
March 2020 study recruitment was stopped due to corona
virus pandemic restrictions. We excluded any patient with 
a predominant history of asthma or bronchiectasis, patients 
with mental health disorders preventing compliance with 
the trial protocol and those in whom an initial diagnosis of 
COPD exacerbation was revised to an alternative at a later 
phase of their admission.

Measurements
Demographic data and a complete medical history including 
smoking and exacerbation history, and medication were 
collected. Patient-reported outcomes were measured, includ
ing assessment of dyspnoea (modified Medical Research 
Council (mMRC) score;14 COPD Assessment Test 
(CAT);15 anxiety and depression (Hospital Anxiety and 
Depression Scale, HADS)16 and frailty using the Reported 
Edmonton Frail Scale (REFS).17 For each patient, we col
lated blood results to determine inflammatory biomarkers.

Quality assured spirometry using ndd EasyOne® Air 
(ndd, Zurich, Switzerland) was performed according to 
American Thoracic Society (ATS)/European Respiratory 
Society (ERS) criteria.18

A Forced Oscillation Technique (FOT) device 
(ResmonPro; ResTech, Milan, Italy) was used to measure 
patients’ respiratory impedance: resistance (Rrs) and reac
tance (Xrs) at 5Hz.19 Expiratory Flow Limitation (EFL) 
was measured by within breath difference in reactance at 
5Hz (∆Xrs5Hz) to detect flow limited breaths.20 This test 
was conducted according to standard recommendations.19 

In brief, patients were instructed to be in a sitting position 
with the head in a neutral or slightly extended position to 
perform the test. The patients’ cheeks and base of the 
mouth were firmly supported using both hands and 
a nose clip was placed to eliminate leak. Each patient 
was instructed to breathe in and out normally for 10–20 
breaths into the ResmonPro. FOT measurements were also 
taken in the supine position.

Peak inspiratory flow rate (PIFR) was measured using 
the InCheckTM DIAL (Clement Clarke International Ltd, 
Harlow, UK and Alliance Tech Medical). This tool is well 
validated and can measure inspiratory flow rates between 
15 and 120 L/min.21,22 Suboptimal PIFR was defined as 
below 60 L/min and the apparatus was set to simulate 
resistance of the DISKUS® Dry powder inhaler (DPI), 
a commonly used DPI device.

All the above measurements were conducted at 
a recruitment assessment within the first 48 hours of 
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admission, and within two days before discharge from 
hospital.

Follow-Up
At discharge, patients were followed-up at 30 and 90 days 
to capture hospital readmission. We used the hospital 
dataset and follow-up calls to confirm information about 
readmissions within the follow-up period. Readmission 
was defined as any emergency (non-elective) readmission 
to hospital within the specified follow-up time.

Statistical Analysis
Data were inspected using histograms to look for outliers 
and tested for normality using a Kolmogorov–Smirnov 
test. If normally distributed (parametric), data were 
expressed as mean and standard deviation (SD) and if 
not normally distributed data were expressed as median 
and inter-quartile range (IQR) (non-parametric) as appro
priate. Categorical variables were compared using the χ2 
test or the Fisher exact test. A univariate analysis was 
performed to identify variables associated with 30- and 90- 
day readmission. A multivariable logistic analysis was 
applied in which readmission at 30 and 90 days were the 
dependent variables, whilst the independent variables were 
identified from the univariate analysis to be associated 
with 30- and 90-days readmission. For other comparisons, 
Wilcoxon signed-rank was used for non-parametric paired 
data and a paired T-test was used for parametric data.

Relationships between variables were analysed using 
Spearman’s rank correlation coefficient test for non- 
parametric variables and for normally distributed variables 
we used the Pearson correlation coefficient.

A receiver operating characteristic (ROC) curve was 
constructed to assess how significant factors in univariate 
logistic regression predicted readmission. We found the 
optimum cut-off point for the best predictors (AUC 
>0.80) using the point on the curve with minimum dis
tance from the left-upper corner of the unit square. We 
calculated the positive predictive value (PPV) and nega
tive predictive value (NPV) for each cut-off. We analysed 
our data using the software Statistical Package for the 
Social Sciences (SPSS), Version 25.

Power Calculation
Statistical advice was sought about our sample size and 
data analysis from the Biostatistics Group at the UCL Joint 
Research Office (JRO). It was recommended to have 10 
readmission events as a minimum number of events per 

variable in a multivariable method of analysis, as has been 
previously reported in the literature.23,24 In our study, 
readmission was the event of interest, therefore having 
30–40 readmitted patients would allow us to examine 3 
to 4 variables in a logistic regression model. As per the 
National COPD Audit in the UK, the national readmission 
rate for COPD patients is 24% within 30 days.6 

Accordingly, we originally aimed to recruit 125 to 166 
patients in order to have 30 to 40 readmissions.

Results
Baseline Characteristics
We approached 152 patients admitted with COPD exacer
bation. A total of 129 with a confirmed diagnosis of COPD 
were recruited; 23 patients declined to participate. A total 
of 47 were excluded due to the reasons described in 
Figure 1. 82 patients were recruited and followed-up to 
90 days. There was a slight predominance of female 
patients (51%) and the group as a whole had a mean 
(SD) age of 71 ±10.4 years and smoking history of 42 
(29–56) pack years (Table 1). The readmission rate within 
30 days was 38% (31/82), and 56% within 90 days (46/ 
82). The average time to readmission within 30 and 90 
days was 11 (5–22) and 22 (10–57) days respectively. 
Table 1 describes the baseline characteristics of the 
patients categorised into those who had and had not been 
readmitted within 30 days. The reasons for readmission 
within 30 and 90 days were most commonly COPD- 
related, 52 and 55% respectively. Patients readmitted 
within 30 days had experienced more exacerbations [3 
(2–5) vs 2 (1–4), p=0.01], and hospitalisations [2 (1–4) 
vs 1 (0–2), p=0.006] in the previous 12 months compared 
to those who were not readmitted. The proportion of 
patients who received a “care bundle” prior to discharge 
(smoking cessation support, inhaler technique check, refer
ral to pulmonary rehabilitation and follow-up arrange
ments) was 85%.

Predictors of 30-Day Readmission
Length of stay was statistically different between the 
groups such that those who were readmitted within 30 
days had a longer length of stay in hospital [8 (5–14) vs 
6 (4–10) days, p=0.03]. At admission, readmitted patients 
had greater anxiety and depression [HADS: 12 (8–14) vs 
9.5 (6–13), p=0.02] and frailty [REFS 12 (11–14) vs 10 
(8–11), p=0.001] scores compared to those with no read
mission. There were no significant differences between 
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groups in spirometry and FOT values at the recruitment 
assessment (Table 1). However, there was a statistically 
significant difference in PIFR [50 (40–60) vs 80 (55–90) 
L/m, p=0.001] between groups at admission. Sub-optimal 
PIFR (<60/min) was seen in 46% (38/82) at admission and 
40% (33/82) at discharge.

Changes from Admission to Discharge 
Between Both Groups
We assessed the change from admission to discharge in 
lung function parameters and blood biomarkers between 
those who were and were not readmitted at 30 days 
(Table 2). There were no significant differences within 
and between groups in FOT values. There was no 

improvement in the PIFR from admission to discharge in 
readmitted patients, while we found a statistically signifi
cant improvement in those with no readmission 5 (−10, 
8.5) vs 12.5 (5, 20), L/min, p=0.001]. There was 
a statistically significant change in CAT score between 
those readmitted and not [−8 (−12, −3) vs −11 (−14, −7), 
p=0.001], respectively.

Factors Associated with the Readmission 
Within 30 Days
In univariate logistic-regression analysis, we assessed fac
tors associated with 30-day readmission following exacer
bation, using all the variables we found to be significantly 
different between the two groups. The best predictor of 

Figure 1 Consort diagram.
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Table 1 Characteristics of the Index Admission Between Those with and without 30-Day Readmission. Variables Measured at the 
Admission Assessment

Characteristics All Patients (n=82) Patients Readmitted Within 
30 Days (n=31)

Patients Who Were Not Readmitted 
Within 30 Days (n=51)

P value

Male 40 (49%) 18 (58%) 22 (43%) 0.19

Female 42 (51%) 13 (42%) 29 (57%)

Age (years) 71 ± 10.4 71 ± 10 71.4 ± 11 0.85

BMI (kg/m2) 24 (20–29) 23 (20–28) 25 (19–30) 0.59

Current smoker 24 (29%) 7 (23%) 17 (33%) 0.30

Ex-smoker 58 (71%) 24 (77%) 34 (67%)

Smoking history (Pack Years) 42 (29–56) 42 (27–63) 42 (29–54) 0.50

Living alone at home 39 (48%) 16 (52%) 23 (46%) 0.60

FEV1 (L) 0.90 ± 0.34 0.90 ± 0.35 0.85 ± 0.34 0.60

FEV1% 34.3 ± 12.4 34 ± 11 35 ± 13 0.67

FVC (L) 2.2 ± 2.3 2.2 (1.7–2.5) 1.4 (2–2.4) 0.22

FVC % 61 ± 16.7 61 ±17 61±16.6 0.98

FEV1/FVC (%) 43.5 ± 11 42 ± 11 44 ± 11 0.56

IC (L) 1.3 (1–1.8) 1.40 (1–1.7) 1.20 (1–2) 0.77

PIFR (L/min) 60 (50–85) 50 (40–60) 80 (55–90) 0.001

∆Xrs5Hz at upright position 

[cmH2O/(L/s)]

2.1 (0.4–5.1) 1.7 (0.2–4.7)) 2.2 (0.50–5) 0.60

FL% at upright position 20 (0–91) 20 (0–90) 2- (0–93) 0.98

∆Xrs5Hz at supine position 

[cmH2O/(L/s)]

3 (0.9–7) 2.6 (1.7–8) 3 (0.8–7) 0.73

FL% at Supine position 50 (12–100) 40 (27–90) 60 (7–100) 0.92

Rrs5Hz at upright position [cmH2O/ 

(L/s)]

4.7 (3.2–6.2) 4.8 (3–6.3) 4.8 (3.45–6.2) 0.53

Rrs5Hz at supine position [cmH2O/ 

(L/s)]

5.3 (3.7–7.2) 5.5 (3.5–6.6) 5.7 (3.8–7.4) 0.58

Number of Exacerbations (within 

past 12 months)

2 (1–4) 3 (2–5) 2 (1–4) 0.01

Number of hospitalised 

exacerbations (<12 months)

2 (1–3) 2 (1–4) 1 (0–2) 0.006

Pulmonary rehabilitation (<12 

months)

28 (34%) 13 (42%) 15 (29%) 0.24

Flu Vaccination (<12 months) 60 (73%) 24 (77%) 36 (71%) 0.50

Pneumonia Vaccination (<10 years) 26 (32%) 13 (42%) 13 (26%) 0.12

DECAF Score 2 (1–2) 1.7 ± 1 1.6 ± 0.9 0.70

ICS 50 (61%) 21 (68%) 29 (57%) 0.32

LAMA 35 (43%) 15 (49%) 20 (39%) 0.41

LABA 4 (5%) 2 (7%) 2 (4%) 0.60

(Continued)
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readmission within 30 days was the frailty score (odds 
ratio, 1.72; 95% confidence interval [CI], 1.32 to 2.29; 
P<0.001). Table 3 shows the other variables associated 
with 30-day readmission.

We found that PIFR at discharge and frailty score 
values had the highest predictive ability on 30-day read
mission (AUC 0.86, 95% CI 0.78 to 0.95, p<0.001 and 
AUC 0.81, 95% CI 0.71 to 0.90, p<0.001, respectively) 
(Figure 2). This indicates an excellent ability to predict 
readmission, defined as AUC ≥0.80. The highest AUC for 
CAT score was found when measured at discharge (AUC 
0.68, 95% CI 0.55 to 0.81, p=0.006). The ROC results of 
the other variables are presented in Table 3.

Next, we undertook a multivariable analysis including 
the top three predictive variables found in the ROC ana
lysis, specifically PIFR at discharge, frailty score, and 
CAT at discharge. Three variables were selected to remain 
within our prespecified power calculation since there were 
31 readmissions. Among the three variables, only PIFR 
remained significantly associated with readmission at 30 
days (OR 0.94, 95% CI 0.91–97, p<0.001). Thus, those 
with lower PIFR values were at higher risk of readmission 
(Table 3). We assessed the combined predictive ability of 
these three variables together, which showed an excellent 
predictive performance (AUC 0.89, CI 0.81 to 0.96, 
p<0.001) as presented in Figure 2.

Table 1 (Continued). 

Characteristics All Patients (n=82) Patients Readmitted Within 
30 Days (n=31)

Patients Who Were Not Readmitted 
Within 30 Days (n=51)

P value

Length of stay in days 7 (4–10.3) 8 (5–14) 6 (4–10) 0.03

CAT Score 31 (27.7–34) 31 (28–36) 32 (27–33) 0.50

mMRC 4 (3.7–4) 4 (3–4) 4 (4–4) 0.80

Frailty (REFS) 10 (9–12.2) 12 (11–14) 10 (8–11) 0.001

Depression (HADS) 11 (7–14) 12 (8–14) 9.5 (6–13) 0.02

Anxiety (HADS) 9 (6.7–11) 10 (7–11) 9 (6–11) 0.33

WBC (10^9/L) 10.6 (7.9–14.5) 10.5 (7–14) 10.7 (9–15) 0.50

Eosinophils (10^9/L) 0.07 (0.02–0.24) 0.07 (0.03–0.4) 0.06 (0.01–0.2) 0.30

Neutrophils (10^9/L) 8 (5.1–11.6) 7.3 (5–10.4) 8.2 (6–12.3) 0.24

CRP (mg/L) 20 (6–62) 30 (4–75) 19 (7.4–5.5) 0.80

eGFR mL/min 85 (65–90) 90 (66–90) 78 (60–90) 0.25

Charlson Comorbidity Index 4.3 ± 1.6 4.4 ± 1.6 4.2 ± 1.5 0.71

Systemic hypertension 32 (39%) 12 (39%) 20 (40%) 0.10

Hyperlipidaemia 11 (13%) 6 (55%) 5 (45%) 0.22

Atrial Fibrillation 19 (23%) 6 (19%) 13 (26%) 0.52

Heart failure 13 (16%) 6 (19%) 7 (14%) 0.50

Chronic kidney disease 13 (16%) 5 (16%) 8 (16%) 0.95

Home oxygen 7 (9%) 2 (6.5%) 5 (10%) 0.60

Home NIV 7 (9%) 2 (6.5%) 5 (10%) 0.60

Note: Data are presented as n (%), mean ±SD or median (IQR). 
Abbreviations: BMI, body mass index; CAT, COPD Assessment Test; CRP, C-reactive protein; DECAF, Dyspnoea, Eosinopenia, Consolidation, Acidaemia and Atrial 
Fibrillation; eGFR, estimated glomerular filtration rate; HAD, Hospital Anxiety and Depression Scale; ICS, inhaled corticosteroid; LABA, long-acting β-agonist; LAMA, long- 
acting muscarinic antagonist; mMRC, modified Medical Research Council dyspnoea scale; REFS, Reported Edmonton Frail Scale; WBC, white blood cell; NIV, noninvasive 
ventilation.
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Sensitivity and Specificity of Predictors 
with AUC >0.80
According to the ROC analysis, the optimal cut-off for 
PIFR to predict readmission was 62.5 L/min which was 
82% sensitive and 83% specific. For a specificity of 90%, 
the cut-off decreased to 54 L/min giving a sensitivity of 
58%. In contrast, at 90% sensitivity, a cut of 82.5 L/min 
was 67% specific. The calculated positive predictive value 
(PPV) and negative predictive value (NPV) for each cut- 
off is presented in Table 4. Regarding frailty, the best cut- 
off score was 10.5 and this was 81% sensitive and 73% 
specific. More details about other cut-off values with their 
PPV and NPV are reported in Table 4.

Factors Associated with the Readmission 
Within 90 Days
Using univariate logistic-regression analysis, we found those 
with flow limitation in the supine position had the greatest 
odds of 90-day readmission among all variables (OR 3.02, 
95% CI 1.17–7.83, p=0.022), followed by frailty score (OR 
1.65, 95% CI 1.27–2.13, p=0.022). Length of stay was not 
found to be a significant predictor for 90-day readmission 
(OR 1.03, 95% CI 0.96–1.10, p=0.96 (Table 5).

Next, ROC analysis of all the variables in the univariate 
logistic regression to assess prediction of readmission within 
90 days was undertaken. PIFR at discharge had the highest 
AUC (0.86, CI 0.77 to 0.95, p<0.001), with an excellent 

ability to predict readmission. Table 5 presents the ROC 
analysis for predictors of 90-day readmission, which were 
statistically significant for all variables, except length of stay.

A multivariable analysis to predict 90 days readmission 
was performed including PIFR at discharge, frailty score, 
CAT at discharge and exacerbations within past 12 months. 
Only PIFR at discharge was predictive of 90-day readmission 
amongst these variables, (OR 0.95, 95% CI 0.92–0.97, 
p=0.001). Table 5 shows the multivariable logistic regression 
for readmission within 90 days. Sensitivity, specificity, PPV 
and NPV for PIFR were assessed at discharge to predict 90- 
day readmission. A cut off at 72.5 L/min had 78% sensitivity, 
88% specificity and a PPV of 77.5% indicating good clinical 
ability to predict readmission (Table 6).

Discussion
This is the first study to prospectively incorporate simple 
measures including CAT, PIFR and FOT, together with 
inflammatory biomarkers and clinical variables to predict 
30 and 90-day all-cause readmission following hospitali
sation for an exacerbation of COPD. The 30-day and 90- 
day hospital readmission rates in our study were 38% and 
56%, respectively, in keeping with the range reported in 
a recent systematic review.7 We found that previous 
exacerbations, higher CAT score at discharge, frailty, dis
charge PIFR and increased length of stay were signifi
cantly associated with 30-day readmissions. Furthermore, 
90-day readmissions were significantly associated with 

Table 3 Predictors of Readmission Within 30 Days of Index COPD Exacerbation Hospitalisation

Risk Factor OR 95% CI P value AUC (95% CI) P value

Univariate analysis

Number of Exacerbations (<12 months) 1.27 1.03–1.60 0.027 0.66 (0.54–0.78) 0.01

Number of hospitalised exacerbations (<12 months) 1.39 1.05–1.80 0.021 0.67 (0.55–0.79) 0.008
CAT at discharge 1.14 1.04–1.24 0.004 0.68 (0.55–0.81) 0.006

Frailty Score 1.72 1.32–2.29 <0.001 0.81 (0.71–90) <0.001
Depression 1.12 1.01–1.24 0.038 0.65 (0.53–0.77) 0.02

PIFR at admission (L/min) 0.94 0.92–0.97 <0.001 0.77 (0.67–0.88) <0.001

PIFR at discharge (L/min) 0.93 0.90–0.96 <0.001 0.86 (0.78–0.95) <0.001
Length of stay (days) 1.08 1.01–1.16 0.034 0.64 (0.52–0.76) 0.03

Change in PIFR (L/min) 0.93 0.89–0.97 0.001 0.66 (0.53–0.78) 0.02

Change in CAT 1.12 1.02–1.22 0.019 0.76 (0.65–0.87) <0.001

Multivariable analysis

Frailty score 1.31 0.96–1.80 0.08

PIFR at discharge (L/min) 0.94 0.91–0.97 <0.001

CAT at discharge 1.01 0.91–1.13 0.77

Abbreviations: AUC, area under curve; CAT, COPD Assessment Test; FEV1%, predicted forced expiratory volume in 1 second; PIFR, peak inspiratory flow rate; OR, odd 
ratio; CI, confidence interval.
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previous exacerbations and hospitalisations, higher CAT 
score at discharge, frailty, depression, PIFR and EFL in 
supine position. The best predictive variable in multivari
able analysis for both 30- and 90-day COPD readmission 
was PIFR at discharge.

These data demonstrate that PIFR at discharge can pre
dict both 30- and 90-day readmission risk with an excellent 
AUC value of 0.86 for both 30- and 90-day readmission. 
There is little existing literature on the use of PIFR in this 

situation, and conflicting results. Loh et al25 conducted 
a retrospective analysis of hospitalised patients and showed 
that suboptimal PIF was the only variable that predicted days 
to COPD readmission. However, Sharma et al26 found no 
association between PIFR and all-cause readmission over six 
months. We report, for the first time, the prevalence of sub- 
optimal PIFR at admission and at discharge during COPD 
exacerbation, and therefore unlike others we can examine 
risk in those with improving versus no change in PIFR over 

Figure 2 Receiver Operating Characteristic (ROC) curve of predictors for COPD exacerbation readmission within 30 days. (A) ROC of peak inspiratory flow rate (PIFR) at 
discharge. (B) ROC of Frailty score. (C) ROC of COPD Assessment Test (CAT) score at discharge. (D) ROC of combined variables (PIFR at discharge, Frailty score and 
CAT score at discharge).
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this period. Our finding that the prevalence of sub-optimal 
PIFR during hospitalisation was 40%, which is greater than 
the 31% prevalence reported by Sharma.26 In contrast, Loh 
et al 201725 found a higher prevalence of sub-optimal PIFR 
at 52%. However, this study used 60 L/min or less as a cut- 
off to define sup-optimal PIFR, dissimilar to us and others 

which used less than 60 L/min as a threshold.26 PIFR is 
clinically important in assessing a patient’s ability to create 
an appropriate inspiratory flow rate and therefore whether 
patients can sufficiently inhale from a DPI.26 PIFR is simple 
and cheap to measure and could be widely adopted in clinical 
practice.

Table 4 Sensitivity, Specificity, PPV and NPV of the PIFR and Frailty to Predict 30 Days Readmission Following COPD Exacerbation 
(AUC>0.80)

Predictor Cut-Off Sensitivity Specificity PPV NPV

PIFR at discharge (L/min) 62.5 82% 83% 70% 91%
54 58% 90% 78% 77%

82.5 90% 67% 64% 91%

Frailty Score 10.5 81% 73% 46% 70%
12.5 45% 90% 50% 66%

9.5 93% 44% 45% 79%

Abbreviations: PIFR, peak inspiratory flow rate; PPV, positive predictive value; NPV, negative predictive value.

Table 5 Predictors of Readmission Within 90 Days of Index Hospitalisation

Risk Factor OR 95% CI P value AUC (95% CI) P value

Univariate analysis

Number of Exacerbations (<12 months) 1.44 1.11–1.87 0.005 0.72 (0.61–0.84) 0.001

Number of hospitalised exacerbations (<12 months) 1.57 1.13–2.18 0.007 0.71 (0.59–0.83) 0.001

CAT at discharge 1.16 1.06–1.28 0.002 0.72 (0.61–0.83) 0.001
Frailty Score 1.65 1.27–2.13 <0.001 0.78 (0.67–0.88) <0.001

Depression 1.14 1.02–1.27 0.013 0.67 (0.55–0.79) 0.007

PIFR at admission (L/min) 0.94 0.92–0.97 <0.001 0.81 (0.71–0.90) <0.001
PIFR at discharge (L/min) 0.93 0.91–0.96 <0.001 0.86 (0.77–0.95) <0.001

Length of stay (days) 1.03 0.96–1.10 0.37 0.55 (0.43–0.68) 0.38

Change in PIFR (L/min) 0.94 0.91–0.98 0.002 0.73 (0.60–0.84) 0.001
Change in CAT 1.05 0.96–1.16 0.25 0.76 (0.65–0.87) <0.001

Flow Limited in supine position at discharge (Yes vs No) 3.02 1.17–7.83 0.022 0.63 (0.51–0.76) 0.04

BMI (kg/m2) 0.94 0.89–0.99 0.031 0.65 (0.53–0.77) 0.02

Multivariable analysis

Frailty score 1.17 0.85–1.61 0.32

PIFR at discharge (L/min) 0.95 0.92–97 0.001
CAT at discharge 1.05 0.92–1.19 0.44

Exacerbations (<12 months) 1.36 0.95–1.95 0.76

Abbreviations: AUC, area under curve; CAT, COPD Assessment Test; FEV1%, predicted forced expiratory volume in 1 second; PIFR, peak inspiratory flow rate; OR, odd 
ratio; CI, confidence interval.

Table 6 Sensitivity, Specificity, PPV and NPV of the Best Predictor for 90-Day Readmission

Predictor Cut-Off Sensitivity Specificity PPV NPV

PIFR at discharge (L/min) 72.5 78% 88% 77.5% 64%
92.5 89% 67% 75% 77%

77.5 78% 92% 76% 65%

Abbreviations: PIFR, peak inspiratory flow rate; PPV, positive predictive value; NPV, negative predictive value.
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We identified several other factors associated with an 
increased risk of readmission. Consistent with existing 
literature, we found that previous COPD exacerbations 
and hospitalisations were significantly associated with all- 
cause readmission.7,27 Hospitalisations due to COPD 
exacerbations can lead to significant economic and clinical 
burden,28 which can be 60 times more expensive than mild 
and moderate exacerbations managed by community 
services.29 Such frequent severe exacerbations are linked 
with increased mortality.30 Thus, early detection of exacer
bation symptoms and timely management may reduce the 
likelihood of hospitalisation and ultimately readmission.

Discharge assessment is the key to assessing and miti
gating readmission risk. We found that higher CAT score at 
discharge was associated with readmission, in which those 
who get readmitted had greater CAT scores at discharge 
compared to those with no readmission. This indicates that 
those patients who are readmitted were more symptomatic 
at discharge. This may be because they have more severe 
symptoms in the stable state, or that their acute symptoms 
had not yet recovered. A potential explanation of this find
ing would be that these exacerbations were not fully treated, 
and that they might take longer time to recover.31

To our knowledge, this is the first study to report frailty 
defined by the REFS as an independent risk factor for 30-day 
readmission following exacerbation of COPD. A study con
ducted in Spain found frailty as defined by the REFS to be 
a risk factor for 90 day COPD readmission, but this did not 
report shorter 30-day outcomes.32 The authors reported that 
those with higher frailty scores were five times more likely to 
get readmitted compared to non-frail patients. Assessing 
patients during hospitalisation using multidimensional frailty 
tool such as REFS may be beneficial to stratify patients who are 
at higher readmission risk. This would facilitate personalised 
disease management, aiming to improve the outcomes in these 
vulnerable patients. Depression was associated with 90-day 
readmission in our study. This finding broadly supports the 
work of other studies in this area linking depression with 
COPD readmission.7,33 Despite the high prevalence of depres
sion in COPD patients,34 thus far, there is no specific evidence 
to support the efficiency of antidepressants in reducing read
mission risk.35

Increased length of stay was found to be a significant risk 
factor for readmission within 30 days but not 90 days. This 
finding is consistent with other studies included in our recent 
systematic review.7 Thus, length of stay can be used as 
a potential indicator for patients who may benefit from 

community support and earlier follow-up following initial 
discharge.

No previous studies have tested whether using FOT with 
objective measurements of resting lung function during hospi
talisation can predict readmission following a COPD exacer
bation. Expiratory Flow Limitation as measured by ∆Xrs5Hz in 
the supine position at discharge was found to be a significant 
predictor for 90-day readmission. Thus, using FOT during 
hospitalisations may support clinicians in detection of patients 
at higher risk of readmission. Walker et al,36 reported that 
using FOT to measure lung function in COPD patients at the 
time of exacerbation was practical, well tolerated, and accep
table, allowing it to be incorporated into clinical services.

Our study findings have important clinical implications. It 
emphasises the importance of discharge assessments in pre
dicting COPD readmission risk. Clinicians should measure 
PIFR at discharge to guide COPD treatment options, which 
may reduce readmission risk. In addition to the assessment of 
symptoms using CAT, FOT could be used as a complimentary 
option to categorise those patients with EFL at discharge who 
may benefit from additional therapy and timely follow-up, 
aiming to mitigate symptoms and unresolved EFL, and reduce 
readmission. Identifying patients with severe frailty would 
facilitate potential rehabilitation programmes following dis
charge that could decrease readmission, such as post- 
exacerbation pulmonary rehabilitation.

This study has strengths and limitations. We prospectively 
followed patients for 30 and 90 days to determine potential 
predictors of readmission that would support optimisation of 
care prior to discharge by highlighting factors that can be 
modified. Another strength is the comprehensive assessment 
we conducted at admission and discharge that included objec
tive measures such as spirometry, FOT, PIFR and inflamma
tory biomarkers. However, we are limited by not having 
a separate validation cohort and conducting the study in one 
site, which therefore requires independent confirmation of our 
results to confirm the generalisability of our findings. Our 
follow up was complete at 90 days but it would have been 
useful to look at longer term outcomes such as readmission 
within 12 months and mortality, but this was beyond the scope 
of the present study.

Conclusion
Our study shows that previous exacerbations, higher CAT 
score at discharge, frailty, reduced PIFR at discharge and 
increased length of stay were significant predictors for 30- 
day readmission following exacerbation of COPD. EFL 
(measured by ∆Xrs5Hz) in the supine position was 
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significantly associated with 90-day readmission. This 
finding supports clinicians in identifying COPD patients 
at higher readmission risk to improve their outcomes by 
delivering effective personalised interventions.
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are available from the corresponding author on reasonable 
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