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Abstract
Purpose: The relationship between chronic obstructive pulmonary disease (COPD) and hospitalized prognosis, in ischemic
stroke patients, as well as complications is not well understood. This study aimed to investigate the in�uence of COPD on
inpatient outcomes among ischemic stroke patients.

Methods: A retrospective investigation was conducted in 9260 patients with con�rmed ischemic stroke, in the First
A�liated Hospital of Shantou University Medical College, from 2013 to 2020. After excluding patients with missing data or
hospital discharge within 24 hours, we divided the eligible 9021 patients into two groups based on whether or not they had
been diagnosed with COPD. After a 1:3 ratio propensity score matching (PSM) (n=290, COPD group vs n=856, non-COPD
group), we compared hospitalized prognosis and complications between two groups.

Results: Stroke patients with COPD had a signi�cantly higher rate of non-recovered and deceased patients at discharge
(4.1% vs 2.1%, OR=1.972, P=0.023), and a higher risk of infection (66.2% vs 48.3%, OR=2.10, P<0.001), especially
pulmonary infection (48.1% vs 32.3%, OR=1.944, P<0.001), compared to stroke patients without COPD. After propensity
score matching analysis, the differences were still statistically signi�cant concerning inpatient non-recovery and death
(4.1% vs 1.9%; OR=2.266, P=0.031),

infection (66.2% vs 52.9%, OR=1.743, P<0.001) and pulmonary infection (48.3% vs 36.6%, OR=1.619, P<0.001).

Conclusion: Stroke patients with COPD have poorer hospitalized prognosis, with a higher rate of non-recovered and
deceased patients, as well as higher incidence of infection, compared with those without COPD.

1. Background
Stroke is epidemic worldwide. In spite of stable incidence rate and declining mortality over the past 20 years, the number of
incident strokes, generalized stroke survivors, stroke-induced disability, and stroke-related deaths is increasing1. The latest
estimate from the Global Burden of Disease Study in 2015 shows that stroke is the major cause of disability and the
second leading cause of death worldwide2. Moreover, ischemic stroke is the most common type of stroke. Due to the
aggressive treatment of dyslipidemia and hypertension, which are common in the stroke population, the mortality in
ischemic stroke has decreased in the past3.Therefore, other comorbidities in ischemic stroke should receive more attention.

Chronic obstructive pulmonary disease (COPD) is one of a number of common diseases around the world that also cause
a major health-care burden4. According to the Global Burden of Disease Study in 2015, there are approximately 174 million
people suffered from COPD each year all over the world5. Comorbidities are a de�ning feature of COPD. A recent study,
showed that 86.0% of patients with COPD had at least one comorbidity, and 22.3% had 5 or more comorbid conditions6.
Stroke was one of the comorbidities of COPD. There has been ample clinical research demonstrating that COPD is
correlated with increased stroke risk, especially upon acute exacerbations of COPD7–10. However, there is a paucity of
evidence on the effect of COPD on the prognosis of admitted stroke patients. In this study, our aim was to explore the
in�uence of COPD on the hospitalized outcomes in participants with ischemic stroke.

2. Methods

2.1 Study Object
The study was conducted retrospectively between 1 January 2013 and 29 November 2020 in the First A�liated Hospital of
Shantou University Medical College. In total, 9260 patients with a primary diagnosis of ischemic stroke were consecutively
enrolled in our study. The diagnosis of ischemic stroke was documented via clinical manifestations and head computed
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tomography and/or head magnetic resonance imaging. The diagnosis of COPD was made based on emphysema and/or
chronic bronchitis, and the assessment of pulmonary function testing by a respiratory physician. Patients with missing
information or hospital discharge within 24 hours were excluded, because their in�uence on the assessment of discharge
prognosis. After that, we divided patients into two groups on the basis of whether or not they were diagnosed with COPD.
Fig. 1 presents the �owchart of participant selection and the results of propensity score matching (PSM). This survey was
fully approved by the ethics committee of the First A�liated Hospital of Shantou University Medical College. All procedures
conformed to the tenets the Declaration of Helsinki.

2.2 Study Variables
Demographic data and cerebrovascular risk factors were collected, including sex, age, smoking, drinking, diabetes mellitus,
hypertension, hyperlipidemia, atrial �brillation, coronary heart disease, myocardial infarction, and chronic heart failure.
Other factors affecting prognosis and treatment options were also included, such as hyperthyroidism, tumor, a history of
hyperuricemia or gout, and a history of ischemic stroke or cerebral hemorrhage.

2.3 Patient outcomes
The primary outcomes were de�ned as unhealed or deceased, based on inpatient medical records home page information.
All information on the home page of inpatient medical records was �lled in accordance with the requirements of the
Quality Speci�cations for Data Filling on the Home Page of Inpatient Medical Records published by the National Health
and Family Planning Commission. The secondary outcomes were length of stay, hospitalization expenses and various
common complications, inclusive of epilepsy, deep venous thrombosis, infection, hemorrhage, hydrocephalus, massive
cerebral infarction and cerebral hernia.

2.4 Statistical analysis
We used counts (percentage) to describe discrete variables and means with standard deviation (SD) to perform continuous
variables. Chi-squared or t test were used to assess the differences between groups.

In order to minimize the effect of 16 clinical factors, including sex, age, habits and other comorbidities, propensity score
matching was applied to match patients on whether or not they suffered from COPD. Propensity score matching analysis
methods are increasingly being used in observational studies as an alternative to control for potential confounding
factors11,12. Our research opted for PSM based on the following considerations. First, compared with the multivariable
regression model, the linearity assumption between propensity score and outcomes is eliminated in PSM13. Second, the
method optimizes the balance of covariates between groups and, in this way, aims to achieve some of the characteristics
of randomized controlled trials (RCTs). Moreover, it can discriminate against actual or suspected bias on the part of
selection by the researcher13. This allows us to gain two comparable groups, even though there was a huge difference in
the number of people between the two groups. Last but not least, the number of outcome indicators does not limit the
number of confounding factors to be included in our study compared to the multivariable regression model12.

In our survey, propensity scores were calculated by logistic regression. In addition, we created a 1:3 ratio PSM study group
by using nearest neighbor matching. The caliper match tolerance was 0.05. All demographic data (sex, age, habits) and
risk factors were incorporated to adjust for bias. After the matching, we divided the stroke patients into two subsets: 290
with COPD and 856 without. Then, the outcomes and complications between the two groups were compared in both the
original samples and matched samples.

All statistical analyses were conducted using SPSS 25.0 and R statistics software (version 4.0.3). The MatchIt package in
R software was used in the matching process. P-value < 0.05 was de�ned as signi�cant. To assess our PSM adjustment,
we checked by using standardized mean difference (SMD). An SMD value less than 0.1 was considered to indicated
balanced14.
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3. Results

3.1 Baseline variables 
As shown in Table 1, a total of 9021 eligible patients with a primary diagnosis of ischemic stroke were enrolled in the
study, which included 293 patients with COPD and 8728 without. According to a 1:3 ratio PSM, 290 stroke patients with
COPD and 856 stroke patients without COPD were matched.

  In the original samples, the patients with COPD were older (74.53±8.99 vs 67.18±11.65, P<0.001), more likely to be male
(88.1% vs 61.1%, P<0.001), used tobacco (49.8% vs 31.9%, P<0.001), had a history of ischemic stroke (24.2% vs 19.2%,
P=0.032) and had more heart comorbidities, comprised of atrial �brillation (14.0% vs 9.5%, P=0.010), coronary heart
disease (7.8% vs 5%, P=0.030), and chronic heart failure (4.4% vs 2.4%, P=0.031). Interestingly, fewer patients with COPD
had diabetes mellitus (19.1% vs 39.4%, P<0.001) and hypertension (70% vs 79.2%, P=0.008), and hyperlipidemia (12.6% vs
22.1%, P<0.001) compared with the patients without COPD. After matching, there were no signi�cant differences in
previously associated covariates between the two groups (Fig. 2). In addition, the standardized mean difference between
the matching groups was less than 0.1 (Table 1, Fig. 3). 

Table 1 

Clinical characteristics of patients with ischemic stroke.
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Baseline variables Original samples Matched samples

stroke with
COPD

stroke without
COPD

P stroke with
COPD

stroke
without COPD

P SMD

n 293 8728 290 856

Demographics data

Male, n (%) 258(88.1) 5329(61.1) <0.001 255(87.9) 772(90.2) 0.276 0.072

Female, n (%) 35(11.9) 3399(38.9) <0.001 35 (12.1) 84 (9.8) 0.276 0.072

Age, (mean (SD)) 74.53(8.99) 67.18(11.65) <0.001 74.44
(8.94)

73.97 (9.46) 0.461 0.051

Habits, n (%)

Smoking 146(49.8) 2782(31.9) <0.001 145 (50.0) 419 (48.9) 0.757 0.021

Drinking 30(10.2) 979(11.2) 0.601 30 (10.3) 68 (7.9) 0.206 0.083

Comorbidities, n (%)

Diabetes mellitus 56(19.1) 3443(39.4) <0.001 56 (19.3) 171 (20.0) 0.806 0.017

Hypertension 205(70.0) 6911(79.2) 0.008 205 (70.7) 616 (72.0) 0.678 0.028

Hyperlipidemia 37(12.6) 1925(22.1) <0.001 37 (12.8) 103 (12.0) 0.744 0.022

Atrial �brillation 41(14.0) 826(9.5) 0.010 40 (13.8) 101 (11.8) 0.372 0.060

Coronary heart disease 23(7.8) 437(5.0) 0.030 22 (7.6) 47 (5.5) 0.195 0.085

Myocardial infarction 1(0.3) 126(1.4) 0.186 1 (0.3) 2 (0.2) 1 0.021

Chronic heart failure 13(4.4) 213(2.4) 0.031 12 (4.1) 23 (2.7)  0.215 0.080

History of ischemic
stroke

71(24.2) 1675(19.2) 0.032 68 (23.4) 202 (23.6) 0.959 0.004

History of cerebral
hemorrhage

7(2.4) 158(1.8) 0.467 6 (2.1) 11 (1.3) 0.501 0.061

History of
hyperuricemia or gout

35(11.9) 1207(13.8) 0.357 35 (12.1) 105 (12.3) 0.929 0.017

Hyperthyroidism 3(1.0) 110(1.3) 0.928 3 (1.0) 6 (0.7)  0.864 0.036

Tumor, n (%) 0.619 0.910 0.03

Non-tumor 283(96.6) 8474(97.1) 280 (96.6) 822 (96.0)

Benign tumor 0(0.0) 5(0.1) 0 (0.0) 0 (0.0)

Malignant tumor 9(3.1) 226(2.6)  9 (3.1)  30 (3.5)    

Unde�ned types of
tumor

1(0.3) 23(0.3)   1 (0.3) 4 (0.5)    

Abbreviations: SD, standard deviation.

3.2 Primary outcomes
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In all, 12 of 293 (4.1%) stroke patients with COPD were unhealed or deceased at discharge, compared with 185 of 8728
(2.1%) stroke patients without COPD (OR=1.972, [95% CI 1.087-3.578], P=0.023). Furthermore, after PSM analysis, the
patients with COPD still had a signi�cantly higher rate of in-hospital unhealing and death (4.1% vs 1.9%, OR=2.266, [95% CI
1.059-4.849], P=0.031) (Table 2). 

3.3 Secondary outcomes
In our research, the stroke patients with COPD had a higher risk of infection (original, 66.2% vs 48.3%, OR=2.10, [95% CI
1.643-2.685], P<0.001; matched, 66.2% vs 52.9%, OR=1.743, [95% CI 1.320-2.301], P<0.001), especially pulmonary infection
(original, 48.1% vs 32.3%, OR=1.944, [95% CI 1.539-2.456], P<0.001; matched, 48.3% vs 36.6%, OR=1.619, [95% CI 1.237-
2.119], P<0.001), than patients without COPD, both in the original samples and matched samples. However, we found no
signi�cant differences in both groups for incidence of epilepsy, deep venous thrombosis, urinary system infection,
intracranial hemorrhage, digestive tract hemorrhage, hydrocephalus, massive cerebral infarction and cerebral hernia,
before or after matching. Additionally, the length of stay and hospitalization expenses of ischemic stroke patients with or
without COPD did not differ either before or after matching. The results are summarized in Table 2. 

Table 2 

Outcomes and comorbidities in patients with ischemic stroke.
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Variables Original samples Matched samples

stroke with COPD stroke without
COPD

P stroke with COPD stroke without
COPD

P

n 293 8728 290 856

Complications, n (%)

Epilepsy 2(0.7) 72(0.8) 1 2(0.7) 2(0.2) 0.574

Deep venous
thrombosis

57(19.5) 1804(20.7) 0.613 57(19.7) 186(21.7) 0.455

Infection 194(66.2) 4213(48.3) <0.001 192(66.2) 453(52.9) <0.001

Pneumonia 141(48.1) 2819(32.3) <0.001 140(48.3) 313(36.6) <0.001

Urinary system
infection

74(25.3) 2061(23.6) 0.515 73(25.2) 199(23.2) 0.506

Intracranial
hemorrhage

4(1.4) 122(1.4) 1 4(1.4) 16(1.9) 0.582

Digestive tract
hemorrhage

127(43.3) 3474(39.8) 0.223 125(43.1) 368(43.0) 0.973

Hydrocephalus 1(0.3) 42(0.5) 1 1(0.3) 8(0.9) 0.550

Massive
cerebral
infarction, n
(%)

10(3.4) 269(3.1) 0.748 10(3.4) 26(3.0) 0.729

Cerebral
hernia, n (%)

1(0.3) 59(0.7) 0.743 1(0.3) 5(0.6) 0.986

Outcomes

Rate of
unhealing and
death, n (%)

12(4.1) 185(2.1) 0.023 12(4.1) 16(1.9) 0.031

Length of stay
(mean (SD))

12.97(9.71) 12.72(10.17) 0.681 12.93(9.73) 12.09(9.31) 0.188

Hospitalization
expenses
(mean (SD))

21934(19066.71) 20694(25227.86) 0.405 21945(19125.88) 20174(20601.84) 0.198

Abbreviations: SD, standard deviation.

4. Discussion
As far as we know, this is the �rst study to indicate the association between COPD and hospitalized outcomes in ischemic
stroke patients with propensity score matching. In our case-control study, we show the important correlations between
COPD and higher risk of in-hospital non-recovery and death in stroke patients, compared to those without COPD. Moreover,
a higher incidence of infection, especially pulmonary infection was observed in patients with COPD after stroke. After
adjusting for confounding factors with propensity score matching, COPD patients still tend to have a poorer prognosis and
higher risk of infection.
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In our study, the prevalence of COPD in patients with ischemic stroke was 3.25%, which is lower than reported in other
studies (3.27%; 7.65% and 12.16%)15-17. One of the most well accepted explanations is the different regions and
ethnicities, as previous research had been conducted in Sweden and the United States, while ours is in southern China18.
According to previous studies, the Americas had the highest prevalence of COPD (about 15% in 2010) in the world,
possibly owing to a high diagnostic rate4. 

Several factors might account for the co-morbidity of stroke and COPD. First, smoking and aging are shared risk factors for
both brain and lung diseases, which makes stroke and COPD more likely to occur in the same individual. Second, it is
reported that twice the risk of both a lipid core within carotid plaques and carotid artery wall thickening has been found in
patients with COPD19. A lipid core in plaques signi�es plaque vulnerability. Apparently, carotid artery wall thickening and
vulnerable plaques are de�nite risk factors for ischemic stroke. However, the pathophysiological relationship between
COPD and stroke is still under investigation and is likely to be interconnected20. Hypoxia, hypercapnia, systemic
in�ammation, and oxidative stress may be the critical factors that contribute to pathophysiological changes in COPD21.
These factors then drive endothelial dysfunction, vascular reactivity, and even atherosclerotic plaque rupture, which may
lead to stroke22.

Our study �nds that patients in COPD group have a higher inpatient unhealing and death rate, as well as a higher incidence
of infection. Nevertheless, to date, we paid too little attention to the potential risk of COPD for ischemic stroke. Only a small
number of studies have explored mortality in stroke patients with COPD17,23. Six considerations may account for the poor
outcomes of stroke patients with COPD. First of all, patients with COPD have been in a state of ventilation dysfunction for
a prolonged period, which results in chronically elevated levels of carbon monoxide in the blood, causing the
oxyhemoglobin dissociation curve to shift to the left, and leaving the brain in a state of mild hypoxia. Moreover, hypoxemia
may lead to increased turnover of neuronal membrane precursors, myelin damage and brain tissue breakdown, which is
related to the increase of the level of brain choline24,25. Second, chronic low-grade systemic in�ammation in patients with
COPD may contribute to vascular wall changes, endothelial dysfunction, arteriosclerosis and impaired vascular
reactivity25-27. Third, patients with COPD may lack of exercise because of poor lung function. Fourth, stroke patients often
suffer from respiratory muscle weakness, caused by central diaphragm injury, which ultimately affects lung function25,28-

30. Fifth, the risk of dysphagia is increased in stroke survivors, which likely results in aspiration pneumonia, leading to the
exacerbation of COPD31,32. In fact, COPD patients are already more likely to develop pneumonia because of the use of
corticosteroids and the compromised immune state33. Sixth, stroke patients with cognitive dysfunction have poor
compliance with oxygen therapy and medication, and the risk of acute exacerbation of COPD will be increased because of
this poor compliance. All in all, potential risk factors for ischemic stroke, such as lack of exercise, systemic in�ammation,
vascular disease, and oxygenation disturbance, may be exacerbated by COPD. Whereas stroke patients with dysphagia or
weakness of breath or poor compliance will aggravate COPD. The interaction between COPD and stroke can thus result in
a grave prognosis.

Interestingly, other prognostic indicators, such as epilepsy, hemorrhage and length of stay, were not signi�cantly different
between the COPD and non-COPD groups. This result is different from the �ndings of De et al., which represented COPD as
an independent risk factor for epilepsy after stroke34.

In response to the rising rate of uncured disease and mortality, early aggressive intervention in COPD is imperative. A
number of studies have demonstrated that quitting smoking, lowering cholesterol, changing dietary habits, and exercising
become integral parts of the treatment of COPD35. However, the impact of drug treatment of COPD on the risk and
prognosis of ischemic stroke is complex, depending on the duration of treatment and medication regimen36-39. In addition,
for COPD patients with stroke, oxygen therapy and antiplatelet therapy may be another positive intervention40,41.
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A few limitations should be acknowledged in this study. First, our study is a retrospective observational study. Thus, it can
only establish associations instead of causality. Mechanistic studies are warranted to con�rm this hypothesis. Second,
because it was a single-center case-control study, more investigations are needed in different regions to explore the
prevalence of COPD among stroke patients and the outcomes between COPD and non-COPD patients with stroke. Third,
this study was unable to differentiate between stable and acute exacerbations of COPD because the severity of COPD was
not known. Finally, there was a lack of data on whether patients received bronchodilator or hormone therapy, so we could
not examine therapy-related effects in the study. Nonetheless, we performed propensity matching score analysis in an
effort to minimize confounding factors, such as age and atrial �brillation to con�rm the validity of our results. To our
knowledge, these confounding factors have a signi�cant impact on the outcome of stroke patients.

5. Conclusions
This is the �rst propensity score matching study of ischemic stroke with or without COPD and demonstrate that suffering
COPD contributed signi�cantly to poor hospitalized outcomes, including a higher rate of unhealing and death, as well as a
higher incidence of infection. More prospective studies are needed to verify this �nding and explore more effective
interventions to improve prognosis.

Declarations

Ethics approval and consent to participate
This survey was approved by the ethics committee of the First A�liated Hospital of Shantou University Medical College.
All procedures conformed to the tenets the Declaration of Helsinki. The need for informed consent was waived by the
ethics committee of First A�liated Hospital of Shantou University Medical College.

Consent for publication
Not applicable.

Availability of Data and Materials: 
The datasets used during the current study are available from the corresponding author on reasonable request.

Declarations of interest: 
The authors proclaim no con�icts of interest.

Funding: 
No funding was received to assist with the preparation of this manuscript.

Authors’ contributions: 
QZ contributed to designed the study protocol, revise manuscript and �nal approval of the content. LW conceived the
protocol of the study and revised the manuscript. QZ and LW are co-correspondence authors. SZ performed the data



Page 10/15

collection, statistical analysis, wrote and revised the manuscript. KL contributed to revise the manuscript. All authors have
read and approved the �nal manuscript.

Acknowledgements: 
Not applicable.

References
1. Hankey, G. J. Stroke. Lancet 389, 641-654, doi:10.1016/S0140-6736(16)30962-X (2017).

2. Katan, M. &, Luft, A. Global Burden of Stroke. Semin Neurol 38, 208-211, doi:10.1055/s-0038-1649503 (2018).

3. Cipolla, M. J., Liebeskind, D. S. &, Chan, S. L. The importance of comorbidities in ischemic stroke: Impact of
hypertension on the cerebral circulation. J Cereb Blood Flow Metab 38, 2129-2149, doi:10.1177/0271678X18800589
(2018).

4. Rabe, K. F. &, Watz, H. Chronic obstructive pulmonary disease. Lancet 389, 1931-1940, doi:10.1016/S0140-
6736(17)31222-9 (2017).

5. Disease, G. B. D., Injury, I. &, Prevalence, C. Global, regional, and national incidence, prevalence, and years lived with
disability for 310 diseases and injuries, 1990-2015: a systematic analysis for the Global Burden of Disease Study
2015. Lancet 388, 1545-1602, doi:10.1016/S0140-6736(16)31678-6 (2016).

�. Chetty, U.et al. Chronic obstructive pulmonary disease and comorbidities: a large cross-sectional study in primary care.
Br J Gen Pract 67, e321-e328, doi:10.3399/bjgp17X690605 (2017).

7. Portegies, M. L.et al. Chronic Obstructive Pulmonary Disease and the Risk of Stroke. The Rotterdam Study. Am J
Respir Crit Care Med 193, 251-258, doi:10.1164/rccm.201505-0962OC (2016).

�. Kim, Y. R.et al. Stroke risk among patients with chronic obstructive pulmonary disease: A systematic review and meta-
analysis. Clinics (Sao Paulo) 73, e177, doi:10.6061/clinics/2018/e177 (2018).

9. Soderholm, M., Inghammar, M., Hedblad, B., Egesten, A. &, Engstrom, G. Incidence of stroke and stroke subtypes in
chronic obstructive pulmonary disease. Eur J Epidemiol 31, 159-168, doi:10.1007/s10654-015-0113-7 (2016).

10. Rothnie, K. J.et al. Myocardial Infarction and Ischemic Stroke after Exacerbations of Chronic Obstructive Pulmonary
Disease. Ann Am Thorac Soc 15, 935-946, doi:10.1513/AnnalsATS.201710-815OC (2018).

11. Austin, P. C. &, Stuart, E. A. Optimal full matching for survival outcomes: a method that merits more widespread use.
Stat Med 34, 3949-3967, doi:10.1002/sim.6602 (2015).

12. Elze, M. C.et al. Comparison of Propensity Score Methods and Covariate Adjustment: Evaluation in 4 Cardiovascular
Studies. J Am Coll Cardiol 69, 345-357, doi:10.1016/j.jacc.2016.10.060 (2017).

13. Benedetto, U., Head, S. J., Angelini, G. D. &, Blackstone, E. H. Statistical primer: propensity score matching and its
alternatives. Eur J Cardiothorac Surg 53, 1112-1117, doi:10.1093/ejcts/ezy167 (2018).

14. Stuart, E. A., Lee, B. K. &, Leacy, F. P. Prognostic score-based balance measures can be a useful diagnostic for
propensity score methods in comparative effectiveness research. J Clin Epidemiol 66, S84-S90 e81,
doi:10.1016/j.jclinepi.2013.01.013 (2013).

15. Yin, L., Lensmar, C., Ingelsson, E. &, Back, M. Differential association of chronic obstructive pulmonary disease with
myocardial infarction and ischemic stroke in a nation-wide cohort. Int J Cardiol 173, 601-603,
doi:10.1016/j.ijcard.2014.03.140 (2014).

1�. Venkata, A. N., Nalleballe, K., Onteddu, S. R., Yadala, S. &, Bimali, M. Prevalence of Chronic Obstructive Pulmonary
Disease in Patients Diagnosed with Cerebrovascular Accidents and Its Effect on Health Care Utilization: A Cross-
sectional Study. J Stroke Cerebrovasc Dis 29, 104553, doi:10.1016/j.jstrokecerebrovasdis.2019.104553 (2020).



Page 11/15

17. Lekoubou, A. &, Ovbiagele, B. Prevalance and In�uence of Chronic Obstructive Pulmonary Disease on Stroke
Outcomes in Hospitalized Stroke Patients. eNeurologicalSci 6, 21-24, doi:10.1016/j.ensci.2016.11.007 (2017).

1�. Adeloye, D.et al. Global and regional estimates of COPD prevalence: Systematic review and meta-analysis. J Glob
Health 5, 020415, doi:10.7189/jogh.05-020415 (2015).

19. Lahousse, L.et al. Chronic obstructive pulmonary disease and lipid core carotid artery plaques in the elderly: the
Rotterdam Study. Am J Respir Crit Care Med 187, 58-64, doi:10.1164/rccm.201206-1046OC (2013).

20. Austin, V., Crack, P. J., Bozinovski, S., Miller, A. A. &, Vlahos, R. COPD and stroke: are systemic in�ammation and
oxidative stress the missing links? Clin Sci (Lond) 130, 1039-1050, doi:10.1042/CS20160043 (2016).

21. Corlateanu, A.et al. Chronic Obstructive Pulmonary Disease and Stroke. COPD 15, 405-413,
doi:10.1080/15412555.2018.1464551 (2018).

22. Leung, J. M. &, Sin, D. D. Chronic Obstructive Pulmonary Disease and Stroke. Strange Bedfellows. Am J Respir Crit
Care Med 193, 227-228, doi:10.1164/rccm.201510-1977ED (2016).

23. Lin, C. S.et al. Risk of Stroke and Post-Stroke Adverse Events in Patients with Exacerbations of Chronic Obstructive
Pulmonary Disease. PLoS One 12, e0169429, doi:10.1371/journal.pone.0169429 (2017).

24. Friedman, S. D., Stidley, C. A., Brooks, W. M., Hart, B. L. &, Sibbitt, W. L., Jr. Brain injury and neurometabolic
abnormalities in systemic lupus erythematosus. Radiology 209, 79-84, doi:10.1148/radiology.209.1.9769816 (1998).

25. Lahousse, L., Tiemeier, H., Ikram, M. A. &, Brusselle, G. G. Chronic obstructive pulmonary disease and cerebrovascular
disease: A comprehensive review. Respir Med 109, 1371-1380, doi:10.1016/j.rmed.2015.07.014 (2015).

2�. Lahousse, L.et al. Chronic obstructive pulmonary disease and cerebral microbleeds. The Rotterdam Study. Am J
Respir Crit Care Med 188, 783-788, doi:10.1164/rccm.201303-0455OC (2013).

27. Maclay, J. D. &, MacNee, W. Cardiovascular disease in COPD: mechanisms. Chest 143, 798-807, doi:10.1378/chest.12-
0938 (2013).

2�. Ezeugwu, V. E., Olaogun, M., Mbada, C. E. &, Adedoyin, R. Comparative lung function performance of stroke survivors
and age-matched and sex-matched controls. Physiother Res Int 18, 212-219, doi:10.1002/pri.1547 (2013).

29. Gulsvik, A. K.et al. The association between lung function and fatal stroke in a community followed for 4 decades. J
Epidemiol Community Health 66, 1030-1036, doi:10.1136/jech-2011-200312 (2012).

30. Kang, H. W.et al. In�uence of diaphragmatic mobility on hypercapnia in patients with chronic obstructive pulmonary
disease. J Korean Med Sci 26, 1209-1213, doi:10.3346/jkms.2011.26.9.1209 (2011).

31. Cvejic, L.et al. Laryngeal penetration and aspiration in individuals with stable COPD. Respirology 16, 269-275,
doi:10.1111/j.1440-1843.2010.01875.x (2011).

32. Park, G. W.et al. Effect of chronic obstructive pulmonary disease on swallowing function in stroke patients. Ann
Rehabil Med 39, 218-225, doi:10.5535/arm.2015.39.2.218 (2015).

33. Cascini, S.et al. Inhaled Corticosteroid Use in Chronic Obstructive Pulmonary Disease and Risk of Pneumonia: A
Nested Case-Control Population-based Study in Lazio (Italy)-The OUTPUL Study. COPD 14, 311-317,
doi:10.1080/15412555.2016.1254172 (2017).

34. De Reuck, J., Proot, P. &, Van Maele, G. Chronic obstructive pulmonary disease as a risk factor for stroke-related
seizures. Eur J Neurol 14, 989-992, doi:10.1111/j.1468-1331.2007.01829.x (2007).

35. Meschia, J. F.et al. Guidelines for the primary prevention of stroke: a statement for healthcare professionals from the
American Heart Association/American Stroke Association. Stroke 45, 3754-3832,
doi:10.1161/STR.0000000000000046 (2014).

3�. Wang, M. T.et al. Risk of stroke associated with inhaled ipratropium bromide in chronic obstructive pulmonary
disease: a population-based nested case-control study. Int J Cardiol 158, 279-284, doi:10.1016/j.ijcard.2012.02.012
(2012).



Page 12/15

37. Yeh, J. J., Lin, C. L., Hsu, C. Y., Shae, Z. &, Kao, C. H. Associations between statins and coronary artery disease and
stroke risks in patients with asthma-chronic obstructive pulmonary disease overlap syndrome: A time-dependent
regression study. Atherosclerosis 283, 61-68, doi:10.1016/j.atherosclerosis.2019.02.007 (2019).

3�. Yeh, J. J., Wei, Y. F., Lin, C. L. &, Hsu, W. H. Effect of the asthma-chronic obstructive pulmonary disease syndrome on
the stroke, Parkinson&apos,s disease, and dementia: a national cohort study. Oncotarget 9, 12418-12431,
doi:10.18632/oncotarget.23811 (2018).

39. Lin, H. W.et al. Inhaled Pharmacotherapy and Stroke Risk in Patients with Chronic Obstructive Pulmonary Disease: A
Nationwide Population Based Study Using Two-Stage Approach. PLoS One 10, e0130102,
doi:10.1371/journal.pone.0130102 (2015).

40. Ali, K.et al. The stroke oxygen pilot study: a randomized controlled trial of the effects of routine oxygen
supplementation early after acute stroke--effect on key outcomes at six months. PLoS One 8, e59274,
doi:10.1371/journal.pone.0059274 (2014).

41. Harrison, M. T.et al. Thrombocytosis is associated with increased short and long term mortality after exacerbation of
chronic obstructive pulmonary disease: a role for antiplatelet therapy? Thorax 69, 609-615, doi:10.1136/thoraxjnl-
2013-203996 (2014).

Figures



Page 13/15

Figure 1

Study �owchart. Annotation: In total, 9260 patients with a primary diagnosis of ischemic stroke were enrolled in the study
from 1 January 2013 to 29 November 2020. Of these patients, 239 were excluded due to missing data or hospital
discharge within 24 hours. We divided eligible patients into two groups depending on whether or not they were diagnosed
with COPD. According to a 1:3 ratio PSM, 290 stroke patients with COPD and 856 stroke patients without COPD entered our
prognostic study. Acronyms: PSM, propensity score matching; COPD, chronic obstructive pulmonary disease.
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Figure 2

Distribution of propensity scores.



Page 15/15

Figure 3

Standardized mean differences of covariates between stroke patients with and without COPD before and after PSM.


