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ABSTRACT
Objectives  To identify factors associated with length 
of stay (LOS) in chronic obstructive pulmonary disease 
(COPD) hospitalised patients, which may help shorten LOS 
and reduce economic burden accrued over hospital stay.
Design  A retrospective cohort study.
Setting  This study was performed in a tertiary hospital in 
China.
Participants  Patients with COPD who were aged ≥40 
years and newly admitted between 2016 and 2017.
Primary and secondary outcome measures  LOS at 
initial admission was the primary outcome and health 
expenditures were the secondary outcome. To identify 
factors associated with LOS, we collected information 
at index hospitalisation and constructed a conceptual 
model using directed acyclic graph. Potential factors were 
classified into five groups: demographic information, 
disease severity, comorbidities, hospital admission and 
environmental factors. Negative binomial regression model 
was fitted for each block of factors and a parsimonious 
analysis was performed.
Results  In total, we analysed 565 patients with COPD. 
The mean age was 69±11 years old and 69.4% were 
men. The median LOS was 10 (interquartile range 8–14) 
days. LOS was significantly longer in patients with venous 
thromboembolism (VTE) (16 vs 10 days, p=0.0002) or 
with osteoporosis (15 vs 10 days, p=0.0228). VTE ((rate 
ratio) RR 1.38, 95% CI 1.07 to 1.76), hypoxic–hypercarbic 
encephalopathy (RR 1.53, 95% CI 1.06 to 2.20), respiratory 
infection (RR 1.12, 95% CI 1.01 to 1.24), osteoporosis (RR 
1.45, 95% CI 1.07 to 1.96) and emergence admission (RR 
1.08, 95% CI 1.01 to 1.16) were associated with longer 
LOS. In parsimonious analysis, all these factors remained 
significant except emergency admission, highlighting the 
important role of concomitant morbidities in patients’ 
hospital stay. Total hospitalisation cost and patients’ out-
of-pocket cost increased monotonically with LOS (both 
ptrend <0.0001).
Conclusion  Patients’ concomitant morbidities predicted 
excessive LOS in patients with COPD. Healthcare cost 
increased over the LOS. Quality improvement initiatives 
may need to identify patients at high risk for lengthy 
stay and implement early interventions to reduce COPD 
economic burden.

INTRODUCTION
Chronic obstructive pulmonary disease 
(COPD) is a burdensome chronic respira-
tory disease. It is estimated to cause 2.6% 
disability-adjusted life years (DALYs) globally 
and ranked as the third top cause of DALYs 
in China.1 The prevalence of COPD in 
Chinese adults is 8.6%, with approximately 
100 million patients with COPD.2 People aged 
over 40 years are particularly at high risk due 
to its onset in later life. During COPD prog-
ress, acute worsening respiratory symptoms 
can be easily triggered,3 4 leading to hospital-
isations and increased use of health service.5 
Spending on hospital-based care consti-
tutes the major healthcare cost in patients 
with COPD, accounting for 65.9%–77% of 
medical costs in China.6 7 The direct medical 
cost of COPD was estimated at US$1732.24 
per patient annually in 20068 9 and hospi-
talisation cost per admission increased to 
US$3669.33 in 2016.10 COPD is also a costly 
disease in developed countries. In the USA, 
it consumes US$72 billion in direct health-
care cost each year11 and the tremendous 
cost is projected to be on the rise.11 12 Given 

Strengths and limitations of this study

►► Length of stay (LOS) and economic burden were an-
alysed in newly admitted patients with chronic ob-
structive pulmonary disease in developing countries.

►► The primary data analysis was based on the con-
ceptual model and theoretical model driven.

►► Real experiences of hospitalised patients in the real-
world clinical setting were analysed.

►► Analysis in this single centre study may not re-
flect the comprehensive profile of LOS in Chinese 
patients.

►► Indirect hospitalisation costs were not analysed due 
to unavailability of data on patients’ indirect costs.
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the large prevalent population and substantial economic 
burden, interventions targeted to COPD hospitalisa-
tion are needed. Hospital stay is an important outcome 
for healthcare systems13 and indicates the acute impact 
of exacerbation on patients.14 Length of stay (LOS) 
correlates with hospitalisation cost.15 Shortening LOS 
might be one way to slow down the escalating healthcare 
cost.

Owing to disparities in healthcare systems or service 
use, there exists a high heterogeneity of LOS across coun-
tries.12 16 17 In China, some patients stay longer under 
certain circumstances, for example, discharged and 
readmitted on the same day due to complicated condi-
tions, prolonging their actual stay for the same hospi-
talisation. Two prior studies in Chinese COPD patients 
demonstrated that respiratory coinfection and eosin-
openia were associated with longer stay.14 18 However, 
these studies focused more on single exposure–outcome 
relationship between one risk factor and LOS. The 
lengthy stay is multifactorial and a diversity of factors 
can contribute to prolonged LOS, such as poor patients’ 
health status, complicated disease conditions and organ-
isation operation.17 19–22 Some of these factors are related 
to health system and some are patient-level factors. To 
effectively reduce LOS and COPD disease burden, it is 
of paramount importance to identify important factors 
associated with LOS.

Thus, we conducted a retrospective longitudinal study 
to analyse factors associated with hospital stay. Study popu-
lation was patients with COPD who were newly admitted 
to National Clinical Research Center for Respiratory 
Diseases (NCRCRD), a 354-bed, medical and clinical 
research centre in a tertiary hospital in Beijing, China.

METHODS
We retrospectively analysed patients consecutively 
admitted between 1 January 2016 and 31 December 
2017. The eligible patients were Chinese inpatients with 
primary diagnosis of COPD at initial admission in respira-
tory units, who were aged ≥40 years and had pulmonary 
function testing. Considering the aim to identify patients 
at high risk of prolonged hospital stay, patients discharged 
against medical advice were excluded. Patients who had 
been hospitalised for COPD in 2015 were also excluded 
to remove the influence of COPD admissions within 
prior 12 months on the first admission during the study 
period.20 Patients with LOS longer than 30 days at the 
first admission were excluded as well.

All diagnoses, including primary and five secondary 
diagnoses, were determined by International Classifica-
tion of Diseases, 10th Revision (ICD10) coding system. 
COPD was defined as J40–J44 in ICD-10 codes. Unique 
individuals with primary diagnosis of COPD at index 
admission were identified. To guarantee the accuracy of 
ICD10 coding, diagnoses were ascertained by checking 
details in medical records.

Hospital stays
LOS was calculated as days by subtracting the admis-
sion date from discharge date at the index admission, 
which was the initial hospital stay. For patients read-
mitted frequently during the study period, their initial 
hospital stays were included for analyses. If patients were 
discharged and readmitted on the same day, the readmis-
sions were recorded as the same hospitalisation as the 
initial one. LOS for the same-day discharge and readmis-
sion were calculated as the summed days of hospital stay 
in each consecutive admission.

Direct economic burden
Given the unavailability of data about days off from work 
due to COPD disabling effect, we only analysed direct 
healthcare expenditures during hospitalisation. Infor-
mation on total costs and patients’ out-of-pocket costs 
was obtained and converted to US dollars using annual 
currency exchange rate in 2017 (1 dollar=6.7518 yuan).23

Potential factors
COPD is a complex disease involving airflow obstruc-
tion and multisystem diseases,24 We combined secondary 
diagnoses to characterise COPD’s concomitant diseases, 
including comorbidities and complications according to 
guidelines25 and researches.24 26–28 Comorbidities were 
cardio/cerebrovascular diseases, diabetes, respiratory 
infection, bronchiectasis, gastro-oesophageal reflux, 
obstructive sleep apnea syndrome, lung cancer, depres-
sion or anxiety and osteoporosis. Complications included 
respiratory failure, pulmonary heart diseases, hypoxemia, 
venous thromboembolism (VTE), pneumothorax and 
hypoxic–hypercarbic encephalopathy. As particulates 
in the air can trigger respiratory symptoms and lead 
to emergency visiting or hospitalisation,29–31 we anal-
ysed ambient air pollutants on admission. Data on daily 
concentrations of particulate matter with a diameter of 
<2.5 µm (PM2.5) and ozone were obtained from the Envi-
ronmental Monitoring Station nearest to the study site. 
Air pollutant concentrations change across seasons. Given 
the potential impact of seasonal changes (temperatures, 
humidity),32 we also took seasons into consideration. 
Emergency admission and day of week of admission were 
analysed as hospital factors. The weekday of admission 
was dichotomised into Thursday to Sunday and Monday 
to Wednesday.

Patient and public involvement
Patients were not involved in this retrospective study.

Statistics
Data were summarised as number (percentage) for cate-
gorical variables and mean±SD or median (interquartile 
ranges (IQR)) for continuous variables as appropriate. 
The Wilcoxon rank sum test was adopted to compare 
LOS between patients with coexisting morbidities and 
those without the morbid condition. To comprehen-
sively analyse important risk factors for longer LOS, we 
first developed a conceptual model using directed acyclic 
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graph (DAG). According to the model, baseline covariates 
were grouped into five blocks: patient demographic char-
acteristics, COPD complications, comorbidities, hospital 
and environmental factors. Given the overdispersion in 
distribution of LOS, negative binomial regression was 
modelled to estimate the effect of potential covariates on 
hospital stay in each block. Rate ratios (RR, also known as 
relative risk) with 95% CI were reported for the changes 
in per cent of association between covariates and LOS. 
Then we fitted a final parsimonious model with signifi-
cant variables obtained in the aforementioned models. 
Hospitalisation costs among patients with different LOS 
were compared using Kruskal-Wallis test. All statistical 
analyses were performed using SAS V.9.4 (SAS Institute, 
Cary, North Carolina, USA) with two-tailed p<0.05.

This study was approved by China-Japan Friendship 
Hospital Clinical Research Ethics Committee (approval 
no. 2018163 K119). Privacy and confidentiality of all 
patient’s information were maintained. Patient informed 
consent was not required.

RESULTS
Altogether, 565 new patients with COPD were analysed 
(online supplemental figure S1). The cohort had a 
mean age of 69±11 years and 69.4% were men. Table 1 
summarised the general information of eligible patients. 
Respiratory failure (11.4%) and pulmonary heart diseases 
(10.7%) were the top complications of COPD while 
cardiovascular or cerebrovascular diseases (61.7%) were 
the most common comorbidity. Among the index admis-
sions, 252 (44.6%) admissions occurred on Thursday to 
Sunday. Outpatient departments were the main source 
for COPD admissions, with 30.7% admissions from emer-
gency. Inpatient numbers were similar across seasons. 
Median exposure to ambient O3 and PM2.5 was 92 ug/
m3 and 52 ug/m3, respectively. LOS was 10 (IQR: 8–14) 
days and total hospitalisation cost was US$2080.7 (1501.6, 
2877.17).

Conceptual model for LOS
A conceptual model was developed based on existing 
knowledge about COPD and its LOS (online supple-
mental table S1).17 19 20 29–35 Figure  1 presents the links 
from individual level characteristics, health system-related 
factors and environmental factors to LOS.

Factors associated with LOS
Based on the conceptual model, we grouped potential 
factors into five blocks: patient demographic character-
istics (age, gender), lung function and COPD compli-
cations, comorbidities, hospital factors (emergency 
admission, weekday) and environmental factors (season, 
ozone and PM2.5 at admission).

In single model with each block of factors, concomi-
tant VTE (RR 1.38, 95% CI 1.07 to 1.76) and hypoxic–
hypercarbic encephalopathy (RR 1.53, 95% CI 1.06 to 
2.20) were associated with an increased risk of longer 

stay. Lung function was negatively associated with LOS 
with marginal insignificance. Respiratory infection (RR 
1.12, 95% CI 1.01 to 1.24), osteoporosis (RR 1.45, 95% CI 

Table 1  Characteristics of patients hospitalised for COPD

Study patients N=565 Values*

Demographic 
characteristics

Age, years 69±11

Men 392 (69.4)

Married 544 (96.3)

Local resident 361 (63.9)

Lung 
function and 
complications†

Pre-FEV1 1.16 (0.84, 1.73)

Respiratory failure 63 (11.4)

Pulmonary heart 
diseases

59 (10.7)

Hypoxemia 10 (1.8)

VTE 9 (1.6)

Pneumothorax 2 (0.4)

Hypxic-hypercarbic 
encephalopathy

4 (0.7)

Comorbidities†
 �
 �
 �
 �
 �
 �
 �
 �
 �

Cardio/cerebrovascular 
diseases

340 (61.7)

Diabetes 102 (18.5)

Respiratory infection 67 (12.2)

Bronchiectasis 47 (8.5)

Reflux oesophagitis 38 (6.9)

OSAS 18 (3.3)

Lung cancer 5 (0.9)

Anxiety depression 12 (2.2)

Osteoporosis 6 (1.1)

Obesity 56 (9.9)

Admission
 �

Admitted on 
Thursday–Sunday

252 (44.6)

Admitted from 
emergency

173 (30.7)

Seasons at 
admission

March–May 164 (29.0)

June–August 145 (25.7)

September–November 94 (16.6)

December–February 162 (28.7)

Air pollution at 
admission

O3, ug/m3 92 (63, 150)

PM2.5, ug/m3 52 (25, 88)

Hospital stay 
and healthcare 
cost

Length of stay, days 10 (8, 14)

Direct cost of 
hospitalisation, US$

2080.7 (1501.6, 
2877.17)

*Data were represented as mean±SD or median (interquartile) for 
continuous variables where appropriate and n (%) for categorical 
variables.
†Fourteen patients’ complications and comorbidities were 
missing due to their unavailable data on secondary diagnoses.
‡
COPD, chronic obstructive pulmonary disease; OSAS, 
obstructive sleep apnea syndrome; Pre-FEV1, Pre-
bronchodilator forced expiratory volume in one second.; VTE, 
venous thromboembolism.

https://dx.doi.org/10.1136/bmjopen-2020-040560
https://dx.doi.org/10.1136/bmjopen-2020-040560
https://dx.doi.org/10.1136/bmjopen-2020-040560
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1.07 to 1.96) and emergence admission (RR 1.08, 95% CI 
1.01 to 1.16) emerged as significant risk factors for longer 
LOS. No significant associations were observed regarding 
demographic and environmental factors (table 2).

When comparing LOS in patients with COPD with 
coexisting morbidities and those without the morbid 
conditions, longer LOS was observed in patients with 
VTE than those without VTE (16 vs 10 days, p=0.0002). 
In patients with osteoporosis, LOS was longer compared 
with those without osteoporosis (15 vs 10 days, p=0.0228).

In final parsimonious analysis, concomitant VTE, 
hypoxic–hypercarbic encephalopathy, respiratory infec-
tion and osteoporosis remained significant for increased 
risk in lengthy stay (all p<0.05) (table 3).

COPD economic burden
Patients having prolonged LOS were supposed to 
consume greater health resources. We further analysed 
the changes in COPD healthcare cost over LOS and 
observed an upward trend in both total hospitalisation 
cost and patients’ out-of-pocket cost (both ptrend<0.0001). 
Figure  2 depicted the increase in costs among patients 
with LOS ≤8 days, 9–14 days and >14 days divided by quan-
tiles. Total costs in the three subgroups were US$1385.72 
(1066.28, 1781.46), US$2177.73 (1779.58, 2650.42) and 
US$4104.61 (3124.56, 5233.09), respectively (p<0.0001). 
The corresponding figures for patients’ out-of-pocket cost 
were US$701.16 (291.69, 1426.55), US$708.13 (329.97, 
2130.87) and US$1124.53 (461.49, 3491.55) (p<0.0001).

DISCUSSION
COPD is costly and shortening hospital stay is one way 
to reduce its high economic burden. In this retrospective 
study involving nearly 600 patients with COPD admitted 
between 2016 and 2017, we analysed factors associated 
with LOS from multiple aspects, aiming to identify risk 
factors that could characterise high-risk population or 
determine early interventions that should be promptly 
delivered. COPD complications (VTE, hypoxic–hyper-
carbic encephalopathy) and comorbidities (respiratory 
infection and osteoporosis) were identified as important 
factors for prolonged LOS. Direct healthcare cost was in 
a graded increase with longer LOS.

Existing evidence on LOS in patients with COPD 
showed a high heterogeneity and geographical varia-
tion.17 19 20 36–40 The analysis of COPD audit data across 
13 European countries demonstrated an average LOS 
of 7 days in patients with COPD 17 In a study of COPD 
comorbidity and LOS in the USA, mean LOS exceeded 
1 week.40 A real-life study in Norway showed a much 
longer LOS among patients admitted to rehabilitation 
unit, which were longer than 30 days.39 In our study, the 
median LOS was 11 days. Risk factors for longer LOS also 
varied across different studies. Such variance is probably 
due to disparities in health systems in which patients are 
managed,17 diverse study population defined by different 
in/exclusion criteria and various ways to deal with data, 
for example, outcome definitions.19 39 In this study, there 
was a subgroup of patients who were discharged and read-
mitted immediately on the same day for the same cause 
of hospitalisation. To reflect their real-life experience, 
we took the same-day discharge and readmission into 
consideration.

Coexisting morbidities have been mentioned as predic-
tors of LOS.20 21 As shown in our data, VTE predicted 
longer LOS. It can be provoked by immobilisation, 
heightened systemic inflammation, venous stasis or other 
factors that place patients with COPD at risk of throm-
bosis.40 Patients presenting lower limb swelling, dyspnoea 
or other symptoms usually undergo ultrasound or CT 
pulmonary angiogram for diagnosis. The additional 
examinations and antithrombotic therapy can prolong 
their LOS. Likewise, hypoxic–hypercarbic encepha-
lopathy may contribute to the prolonged stay. It occurs 
when neuronal damage is induced by oxygen and CO2 
retention and acidosis,41 resulting in physical impairment 
and coma, subsequently prolonging hospital stay. Respi-
ratory infections are a common trigger for COPD exac-
erbation. In our study, it was significantly associated with 
LOS. The greater bacterial load and inflammation could 
delay patients’ recovery, which, in return, placed patients 
at greater likelihood of lengthy stay. In an AECOPD study 
on infectious phenotypes,14 patients with COPD with 
virus and/or bacteria infection had longer LOS than non-
infectious patients. Osteoporosis was another contributor 
to lengthy stay. In GOLD 2020, osteoporosis is mentioned 
as a concomitant chronic disease that influences COPD 
patients’ hospitalisations.42 Some COPD-related factors 

Figure 1  Conceptual model using directed acyclic graph 
(DAG) for factors associated with hospital stay. Based on 
current knowledge on chronic obstructive pulmonary disease 
(COPD) risk factors, we developed a conceptual model 
using DAG. Potential covariates at baseline were grouped 
into five blocks: patient demographic characteristics (age, 
gender), COPD complications, comorbidities, hospital 
factors (emergency admission, weekday of admission) 
and environmental factors (season, ozone and PM2.5 at 
admission).
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precipitate osteoporosis development, for example, 
long-term inhaled corticosteroids use for maintenance 
therapy40 43 44 and lung function deterioration in disease 
progress.45 Systematic inflammation and oxidative stress 
through sarcopenia in COPD can lead to bone meta-
bolic abnormalities and COPD-associated osteoporosis,45 
placing patients with COPD at risk of fractures and longer 
stay.46 The prolonged LOS in patients with aforemen-
tioned concomitant diseases underscores the need for 
effective management of COPD comorbidities and early 
prevention.

In addition, we observed a monotonically increasing 
trend in both total hospitalisation cost and out-of-pocket 
cost over LOS, indicating longer hospital stay cost more 
in patients with COPD. The domestic and international 
studies concordantly showed that COPD is a highly 
expensive disease and hospital-based care cost represents 
the major cost driver.7 12 In 2016, COPD hospitalisation 

Table 2  Single model analysis for factors associated with hospital stay at index admission based on DAG

Block Variable RR 95% CI P value

Demographic characteristics Age, per 5 years 1.02 (1.00 to 1.03) 0.032

Male 1.04 (0.96 to 1.12) 0.312

Lung function and complications FEV1 0.97 (0.95 to 1.00) 0.055

Respiratory failure 1.05 (0.94 to 1.18) 0.396

Pulmonary heart diseases 1.03 (0.92 to 1.16) 0.624

Hypoxemia 0.96 (0.74 to 1.24) 0.757

VTE 1.38 (1.07 to 1.76) 0.012*

Pneumothorax 1.63 (0.98 to 2.70) 0.057

Hypoxic to hypercarbic encephalopathy 1.53 (1.06 to 2.20) 0.023*

COPD comorbidities Cardio/cerebrovascular diseases 1.05 (0.98 to 1.13) 0.184

Diabetes 0.98 (0.90 to 1.07) 0.648

Respiratory infection 1.12 (1.01 to 1.24) 0.035*

Bronchiectasis 1.00 (0.88 to 1.13) 0.967

Reflux oesophagitis 1.00 (0.88 to 1.15) 0.959

OSAS 1.17 (0.97 to 1.42) 0.094

Lung cancer 1.09 (0.77 to 1.57) 0.62

Anxiety depression 0.89 (0.69 to 1.13) 0.324

Osteoporosis 1.45 (1.07 to 1.96) 0.018*

Obesity 0.97 (0.86 to 1.08) 0.559

Hospital factors Admitted on Thursday–Sunday 1.04 (0.97 to 1.11) 0.319

Admitted from emergency 1.08 (1.01 to 1.16) 0.033*

Environmental factors Season at admission, March–May 1.01 (0.91 to 1.12) 0.85

Season at admission, June–August 1.08 (0.96 to 1.22) 0.176

Season at admission, September–November 0.98 (0.88 to 1.09) 0.752

O3, per 10 ug/m3 1.00 (0.995 to 1.01) 0.573

PM2.5, per 10 ug/m3 1.00 (0.998 to 1.01) 0.217

*P<0.05.
†
COPD, chronic obstructive pulmonary disease; DAG, directed acyclic graph; OSAS, obstructive sleep apnoea syndrome; Pre-FEV1, Pre-
bronchodilator forced expiratory volume in one second; RR, rate ratio; VTE, venous thromboembolism.

Table 3  Parsimonious analysis for factors associated with 
hospital stay at index admission

Variable RR 95% CI P value

Age, per 5 years 1.01 (0.997 to 1.03) 0.126

Pre-FEV1 0.97 (0.95 to 1.00) 0.055

VTE 1.40 (1.09 to 1.78) 0.007*

Hypoxic-hypercarbic 
encephalopathy

1.53 (1.07 to 2.18) 0.020*

Respiratory infection 1.11 (1.01 to 1.23) 0.040*

Osteoporosis 1.42 (1.05 to 1.91) 0.021*

Emergency admission 1.06 (0.98 to 1.14) 0.147

*P<0.05.
†
Pre-FEV1, Pre-bronchodilator forced expiratory volume in one 
second.; VTE, venous thromboembolism.
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cost was US$3669.33 per Chinese patient per admis-
sion.10 In the USA, the cost accounted for over 70% of 
total COPD healthcare costs.19 The direct cost is esti-
mated at US$72 billion annually11 and is projected to be 
on the rise.11 12 The substantial economic burden may be 
addressed through shortening hospital stay with tailored 
interventions taken.

As shown in our study, COPD complications, (VTE and 
hypoxic–hypercarbic encephalopathy) and comorbidities 
(respiratory infection and osteoporosis) increased risk of 
prolonged hospital stay. These comorbid conditions are 
potentially preventable and treatable. For instance, early 
thromboprophylaxis like anticoagulation or mechanical 
prophylaxis is adopted when patients with COPD are 
admitted to prevent thrombotic events during hospitalisa-
tion; provide respiratory support promptly when patients 
present hypoxic–hypercarbic syndrome and recommend 
patients pneumococcal and influenza vaccination to 
avoid respiratory infection. These tailored interventions 
are expected to shorten LOS and save healthcare cost of 
patients with COPD.

There were several strengths in our study. First, we 
provided clinical epidemiological data on LOS and 
its risk factors in newly admitted patients for COPD. 
Currently, studies on hospital stay are mainly restricted 
to developed countries.14 17–20 22 36 47 48 Our study demon-
strated healthcare for Chinese patients with COPD, 
including a comprehensive risk factor analysis for LOS 
and an increase in economic burden along with longer 
stay. Our study, together with the few prior studies in 
Chinese people,14,18 would help fill the gap in knowl-
edge of COPD inpatients’ LOS in developing countries. 
Second, we took the same-day discharge and readmission 
into consideration when analysing the collected routinely 
data in daily clinical practice, which reflected real expe-
riences of hospitalised patients in the real-world clinical 

setting. The identified risk factors could help deter-
mine early interventions to prevent excessive stay, which 
further reduce economic burden accrued over hospital 
stay. Hence, the findings are clinically relevant and have 
clinical implications. In addition, as the analysed data 
were from electronic medical records, data collection 
process was standardised and all data were under scru-
tiny before entering into electronic system in hospital. 
Diagnoses of COPD and other diseases were ascertained 
by reviewing medical records to ensure reliable data. 
Fourth, the primary data analysis was based on concep-
tual model by the use of DAG, which visually represented 
models in a graph with unidirectional arrows and made 
assumptions about exposures’ effects on LOS transparent 
and explicit.49 Thus, the findings were theoretical model 
driven.

Hospital stay is a complex issue that is subject to 
patient, hospital and heath system factors. The under-
lying mechanisms have not been completely disentan-
gled and merit further investigations. The monotonically 
increasing hospitalisation cost with LOS underscores the 
great importance of shortening hospital stay in reducing 
COPD economic burden, which may keep rising with the 
growing and ageing population.

There were several limitations. First, the study was 
performed in NCRCRD, one of the top hospitals in respira-
tory field in China. LOS may differ in patients admitted to 
secondary hospitals or other health institutes that provide 
suboptimal care for respiratory disease. This single-centre 
study may not reflect the overall scenario of COPD hospi-
talised patients. We could not analyse the average LOS 
among patients with multiple rehospitalisations, which 
could reflect long-term disease burden of COPD. To 
obtain a more comprehensive profile of hospital stay in 
Chinese patients with COPD, it is necessary to conduct a 
multicentre study with hospitals across different grades 
and regions involved. A nation-wide network of health 
information system is recommended to capture all hospi-
talisations and track the real-time dynamic admissions in 
patients with COPD. Second, we used hospitalisation costs 
as a proxy for COPD economic burden because informa-
tion about patients’ indirect costs was not available in this 
study. To perform a profound analysis of COPD economic 
burden, indirect costs also need to be evaluated. Further 
study on COPD economic burden should take both direct 
and indirect costs into consideration in the future.

CONCLUSION
This study underscores the significance of concomitant 
morbidities and disease severity in predicting COPD 
hospital stay. Healthcare cost increased over hospital stay. 
Identification of high-risk patients for excess stay and 
delivery of early interventions such as thromboprophy-
laxis may offer one way to shorten LOS in patients with 
COPD, which would help reduce the economic burden 
accrued over the stay.

Figure 2  COPD costs during hospitalisation. During 
hospitalisation, total cost and the out-of-pocket cost were 
compared among patients with LOS ≤8 days, 9–14 days 
and>14 days according to quartiles of LOS. The costs 
increased with longer LOS (ptrend<0.0001 for both total cost 
and the out-of-pocket cost). COPD,chronic obstructive 
pulmonary disease; LOS, length of stay.
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