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ABSTRACT: Chronic obstructive pulmonary disease (COPD) is associated with substantial
hospitalization burden. We evaluated temporal changes in associations of COVID-19 and major
comorbidities with clinical and hospital utilization outcomes among COPD hospitalizations from 2019 to
2023. National Inpatient Sample data were used to identify hospitalizations with any COPD diagnosis.
Outcomes included in-hospital mortality, acute kidney injury (AKI), total hospital charges, and time-to-
routine discharge. Year-specific logistic, linear, and Fine—Gray models were adjusted for demographics,
hospital characteristics, COVID-19, and comorbidities. Cohorts included 881,008, 737,636, 714,315,
714,230, and 748,441 hospitalizations in 2019-2023, respectively. COVID-19 had the strongest association
with mortality in 2020 (adjusted odds ratio, 5.95; 95% confidence interval [CI], 5.78-6.13), declining to
1.48 (95% CI: 1.41-1.56) in 2023. Similar attenuation was observed for AKI, total charges, and time to
routine discharge. Malnutrition remained consistently associated with adverse outcomes. Metastatic cancer
showed higher odds of mortality (range, 2.59-3.13 across 2019-2023), chronic kidney disease with higher
odds of AKI (range, 2.99-3.37), and dementia with lower routine discharge rate (adjusted subdistribution
hazard ratio range, 0.52—0.55). COVID-19 associations with adverse outcomes were strongest early in the
pandemic and attenuated, whereas chronic comorbidity associations remained relatively stable.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic respiratory condition that affects millions
of people worldwide and represents a major public health challenge. It is estimated that COPD accounts
for approximately 5% of all deaths globally, making it one of the leading causes of mortality [1]. COPD
develops gradually and is often underdiagnosed in its early stages because symptoms such as chronic cough
and shortness of breath may not be immediately recognized [2]. The major risk factors for COPD, including
cigarette smoking and exposure to indoor or outdoor air pollution, are common in daily life and difficult to
avoid [3].

COPD frequently leads to substantial healthcare utilization and serious health complications [4].
Patients with COPD often experience worsening respiratory symptoms and acute exacerbations that require
hospitalization. These hospitalizations are associated with severe complications such as acute kidney injury
(AKI), and they contribute to increased in-hospital mortality, longer hospital stays, and higher
hospitalization costs [5]. As a result, COPD places a considerable burden on both healthcare systems and
affected patients.

Since the emergence of the COVID-19 pandemic in 2020, patients with COPD have been shown to
face higher risks of severe illness and mortality when infected with SARS-CoV-2 [6]. In addition to
COVID-19 infection, other clinical conditions, such as malnutrition and obstructive sleep apnea (OSA), are
commonly observed among patients with COPD and may further worsen respiratory function and overall
health status [7,8]. These factors may increase the risk of poor outcomes and highlight the need to better
understand clinical risks among hospitalized patients with COPD.

Although previous studies have examined hospitalized patients with COPD, many of them focused on
specific outcomes or limited time periods. Less attention has been paid to how the effects of major risk
factors may vary across different years, especially before and after the COVID-19 pandemic. Furthermore,
hospitalized patients may experience different discharge dispositions, including routine discharge, transfer
to another care facility, or in-hospital death. These competing outcomes complicate the evaluation of
hospital length of stay and require appropriate statistical approaches [9].

Therefore, this study aimed to examine associations between COVID-19 and major comorbidities and
clinical and hospital utilization outcomes among hospitalized patients with COPD, and to assess how these
associations evolved from 2019 to 2023.

2. Materials and Methods
2.1. Data Source

This study used data from the Healthcare Cost and Utilization Project (HCUP), a family of healthcare
databases developed by the Agency for Healthcare Research and Quality (AHRQ) [10]. Specifically, we
used the National Inpatient Sample (NIS), one of the largest all-payer inpatient databases in the United
States, which contains encounter-level information from a 20% stratified sample of hospitalizations at U.S.
community hospitals. The NIS provides a large, nationally representative source of inpatient data, including
patient demographics, hospital characteristics, diagnoses and procedures (coded using ICD-10-CM and
ICD-10 procedure codes), length of stay (LOS), discharge disposition, and total hospital charges. In this
study, we analyzed annual NIS data from 2019 through 2023 to examine clinical and hospital utilization
outcomes among patients with COPD, with analyses conducted separately for each year. Institutional
review board approval and informed consent were not required.

2.2. Study Cohort

Figure 1 shows the selection of hospitalized patients with COPD from the NIS and the year-specific
study cohorts from 2019 through 2023. Because the NIS is released annually as discharge-level datasets,
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five datasets from 2019 through 2023 were included in the analysis. The study population included
hospitalizations with COPD identified from any diagnosis position using ICD-10-CM diagnosis code J44.
Table S1 lists the ICD-10-CM codes used in the present study. Because the NIS is a discharge-level
database, each record represents a single hospitalization rather than a unique patient. The year 2019 was
treated as the pre-COVID-19 reference year.
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Figure 1. Selection of Hospitalizations with Any Diagnosis of COPD From the National Inpatient Sample, 2019-2023.

2.3. Outcomes and Covariates

The primary outcome was in-hospital mortality. Secondary outcomes included AKI, total hospital
charges, and time-to-routine discharge from the hospital. We examined the distribution of total hospital
charges to assess skewness and the need for transformation. AKI was identified using ICD-10-CM
diagnosis codes. Because Present on Admission (POA) indicators were not available, AKI could not be
distinguished as a pre-existing condition or an in-hospital complication. Accordingly, AKI was analyzed
as an in-hospital complication, acknowledging the potential for misclassification, given its typically acute
onset. Time-to-routine discharge was analyzed as a time-to-event analogue of LOS, focusing on routine
discharge to home. Because patients may experience alternative outcomes that preclude routine discharge,
a competing risks model was used, with routine discharge as the event of interest and in-hospital death and
transfer-related dispositions treated as competing events. Patient demographics, hospital characteristics,
and comorbidities were identified from the database using ICD-10-CM codes. Detailed definitions and
coding specifications for all covariates are available in the database documentation [11]. Covariates
included demographic and hospital characteristics, COVID-19 status, malnutrition, OSA, chronic kidney
disease, chronic heart failure, and selected Elixhauser comorbidity measures representing pre-existing or
independent comorbid conditions.
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2.4. Statistical Analysis

Baseline characteristics and in-hospital outcomes were compared between patients with and without
COVID-19. Continuous variables were summarized as mean + standard deviation or median (IQR), as
appropriate, and compared using the Wilcoxon rank-sum test. Categorical variables were summarized as
frequencies and percentages and compared using Pearson’s chi-square test.

Comorbidities with a prevalence below 3% were excluded from the analysis to improve the stability
and reliability of model estimates. Univariable regression analyses were conducted for the remaining
comorbidities, and those with a p value < 0.001 were selected for inclusion in the multivariable models.
Demographic (e.g., age, sex, and insurance status) and hospital-level characteristics (e.g., bed size, hospital
teaching status, and ownership of hospital) were included a priori in all multivariable models.

Analyses were conducted using complete cases, and no imputation was performed.

Separate models were fitted for each year from 2019 to 2023 to evaluate how associations between risk
factors and outcomes changed over time. To improve comparability across years, a consistent set of
covariates was used for each outcome whenever possible.

Logistic regression models were used for in-hospital mortality and AKI, and results were reported as
adjusted odds ratios (aORs) with 95% confidence intervals (CIs). Total hospital charges were inflation-adjusted
to 2023 U.S. dollars before analysis and log-transformed before regression modeling, and additionally adjusted
for discharge disposition, with the results reported as percent changes. Fine-Gray subdistribution hazards
models were used to analyze time-to-routine discharge, treating routine discharge as the event of interest and
in-hospital death and transfer-related dispositions as competing events [12—14]. This approach accounts for
competing events that preclude routine discharge. Results were reported as subdistribution hazard ratios (sHRs)
with 95% Cls. As a secondary analysis, the in-hospital mortality model was repeated in a restricted cohort of
hospitalizations with COPD listed as the primary diagnosis to evaluate whether the association between
COVID-19 and mortality was consistent among admissions primarily attributable to COPD. All statistical tests
were two-sided, and a p value < 0.05 was considered statistically significant.

Discharge-level sampling weights were not applied in the regression analyses; therefore, the results
should be interpreted as associations within the analytic sample rather than nationally representative
estimates. All statistical analyses were performed using R software, version 4.5.

3. Results

The analytic cohorts included 881,008 hospitalized patients with COPD in 2019, 737,636 in 2020,
714,315 in 2021, 714,230 in 2022, and 748,441 in 2023. Among hospitalized patients with COPD from
2020 through 2023, the proportion with COVID-19 was 5.52% in 2020, 7.89% in 2021, 8.72% in 2022,
and 4.33% in 2023.

3.1. Patient Demographics, Comorbidities, and Hospital Characteristics

Table 1 summarizes the baseline characteristics of hospitalized patients with COPD by COVID-19 status
from 2020 to 2023. The proportions of hospitalized patients with COPD who had COVID-19 were 5.52%,
7.89%, 8.72%, and 4.33% in 2020, 2021, 2022, and 2023, respectively, suggesting that the burden of COVID-
19 among hospitalized patients with COPD increased from 2020 to 2022 and then declined in 2023.
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Table 1. Baseline Characteristics of Hospitalized Patients with COPD from 2019 to 2023, Stratified by COVID-19 Status.
2019 2020 2021 2022 2023
overgy Without With Without  With COVID- Without With Without  With COVID-
Characteristic COVID-19 _COVID-19 = COVID-19 19 Valge COVID-19 _ COVID-19  COVID-19 19 P
alue alue alue
Vo ssioos V= 696946 N=40,690 P N=657,933 N=56382 7 N=651975 N=62255 © N=716071 N=32,370 Value
’ (94.5%) (5.5%) 92.1%) (1.9%) 91.3%) (8.7%) (95.7%) 4.3%)
Demographic
Age <0.001 <0.001 <0.001 <0.001
Mean (SD) 69.5 69.3 72.6 69.5 70.5 69.9 71.8 70.2 734
(12.0) (11.9) (11.1) (11.7) (11.5) (11.6) (11.4) (11.4) (10.9)
_ 70.0 70.0 73.0 70.0 71.0 70.0 72.0 71.0 74.0
Median (IQR)
(61.0-78.0) (61.0-78.0) (65.0-81.0) (62.0-78.0)  (63.0-79.0) (62.0-78.0)  (64.0-80.0) (62.0-79.0)  (66.0-82.0)
461458 358,020 19,785 340,687 28,549 341,124 32,149 374,720 16,946
Femal ’ : : <0.001 : ’ <0.001 : : 0.001 : ’ >0.9
emaie (524%)  (51.4%)  (48.6%) (51.8%) (50.6%) (52.3%) (51.6%) (52.3%) (52.4%)
101334 78,814 1544 71,838 1804 69,049 2058 74,367 1071
Electiveadmission 1) 5o/ (1] 304) Gswy 0001099 Gavy 0000 60 Gavwy 00l 40 Gavy oot
Medla;if}‘l‘:ehom 0.077 <0.001 <0.001 <0.001
025t i 316029 250,641 14,863 237,366 21,022 231,911 21,741 256,794 10,694
—. ercentile
P (65%)  (367%)  (372%) (36.8%) (38.0%) (36.1%) (35.4%) (36.6%) (33.7%)
St to S0t percenle | 230502 201417 11,692 178,231 16,006 181,974 17,213 203,395 9301
P Q717%)  (295%)  (29.2%) (27.6%) (28.9%) (28.3%) (28.0%) (29.0%) (29.3%)
Sletto 75t vereenile | 189770 139,915 8023 138,224 11,625 138,682 13,535 150,138 7032
P 21.9%)  (205%)  (20.1%) (21.4%) (21.0%) (21.6%) (22.1%) (21.4%) (222%)
St to 100t mercenle 120042 91684 5420 91,975 6701 90,247 8886 91,330 4717
P (13.9%)  (134%)  (13.6%) (14.2%) (12.1%) (14.0%) (14.5%) (13.0%) (14.9%)
In]ulr{ye Il));:tgezom <0.001 <0.001 <0.001 <0.001
No iniur 803,892 630,707 38,865 593,788 53,714 588,665 57,742 645,393 30,066
ury (912%)  (90.5%)  (95.5%) (90.3%) (95.3%) (90.3%) (92.8%) (90.1%) (92.9%)
U 37,467 34,042 433 33,084 666 32,285 1434 35,355 668
u
rymury (4.3%) (4.9%) (1.1%) (5.0%) (1.2%) (5.0%) (2.3%) (4.9%) (2.1%)
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Second infur 39,649 32,197 1392 31,061 2002 31,025 3079 35,323 1636
oy (4.5%) (4.6%) (3.4%) (4.7%) (3.6%) (4.8%) (4.9%) (4.9%) (5.1%)
Insurance <0.001 <0.001 <0.001 <0.001
Medicare 635,631 493,085 30,690 465,044 40,044 463,299 46,327 509,632 25,126
(72.2%) (70.8%) (75.6%) (70.8%) (71.2%) (71.2%) (74.5%) (71.3%) (77.8%)
Medicaid 105,703 88,340 3265 84,015 5878 80,988 6557 81,418 2545
(12.0%) (12.7%) (8.0%) (12.8%) (10.4%) (12.4%) (10.5%) (11.4%) (7.9%)
Private insurance 97,814 78,481 4725 73,182 7473 72,869 6388 85,581 3112
v u
(11.1%) (11.3%) (11.6%) (11.1%) (13.3%) (11.2%) (10.3%) (12.0%) (9.6%)
Self-pa 17,825 14,338 410 12,839 751 11,411 813 11,129 328
pay (2.0%) (2.1%) (1.0%) (2.0%) (1.3%) (1.8%) (1.3%) (1.6%) (1.0%)
No charge 1622 1326 50 1028 89 796 79 826 27
g (0.2%) (0.2%) (0.1%) (0.2%) (0.2%) (0.1%) (0.1%) (0.1%) (0.1%)
Other 21,538 20,484 1478 20,853 2040 21,781 2009 25,859 1167
(2.4%) (2.9%) (3.6%) (3.2%) (3.6%) (3.3%) (3.2%) (3.6%) (3.6%)
Hospital-level
Hospital Bed Size <0.001 <0.001 <0.001 <0.001
Small 211,960 169,506 10,485 162,303 14,904 163,748 16,726 183,258 9025
(24.1%) (24.3%) (25.8%) (24.7%) (26.4%) (25.1%) (26.9%) (25.6%) (27.9%)
Medium 264,545 203,980 12,086 189,859 17,029 193,418 18,876 209,506 9580
(30.0%) (29.3%) (29.7%) (28.9%) (30.2%) (29.7%) (30.3%) (29.3%) (29.6%)
Larce 404,503 323,460 18,119 305,771 24,449 294,809 26,653 323,307 13,765
g (45.9%) (46.4%) (44.5%) (46.5%) (43.4%) (45.2%) (42.8%) (45.2%) (42.5%)
Hospital Teaching Status <0.001 <0.001 <0.001 <0.001
Rural 113,064 88,548 5552 79,802 8838 82,172 8956 86,189 4342
(12.8%) (12.7%) (13.6%) (12.1%) (15.7%) (12.6%) (14.4%) (12.0%) (13.4%)
Utban non-teachin 182,884 139,551 8106 126,641 11,997 118,161 11,835 121,296 5783
g (20.8%) (20.0%) (19.9%) (19.2%) (21.3%) (18.1%) (19.0%) (16.9%) (17.9%)
Urban teachin 585,060 468,347 27,032 451,490 35,547 451,642 41,464 508,586 22,245
£ (66.4%) (67.3%) (66.4%) (68.6%) (63.0%) (69.3%) (66.6%) (71.0%) (68.7%)
Control/ hip of
on roh;vgﬁzlrs PO 0.007 0.300 <0.001 <0.001
G ¢ 92,134 74,265 4488 68,216 5901 67,173 6414 74,544 3347
overnmen
(10.5%) (10.7%) (11.0%) (10.4%) (10.5%) (10.3%) (10.3%) (10.4%) (10.3%)
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private nomorofi 652,410 510,882 29,544 491,922 41,991 487,737 47,442 540,224 25,083
P (T4.1%)  (733%)  (72.6%) (74.8%) (74.5%) (74.8%) (76.2%) (75.4%) (77.5%)
private imvestorowneq 136464 111799 6658 97,795 8490 97,065 8399 101,303 3940
Vv \Y -OW]
(155%) (160%)  (16.4%) (14.9%) (15.1%) (14.9%) (13.5%) (14.1%) (122%)
Comorbidity
78,005 63,509 3824 61,634 5028 63,060 6519 74,994 3584
Malnutriti ’ ’ 0.052 ’ <0.001 : <0.001 ’ <0.001
anutition (8.9%) (9.1%) (9.4%) (9.4%) (8.9%) (9.7%) (10.5%) (10.5%) (11.1%)
133,034 103,356 5973 101,387 8378 99,093 8377 111,882 4815
Obstructive sl : : 0.400 . <0.001 : <0.001 ’ <0.001
SUUCHVESIECP aPIed  (15.1%)  (14.8%)  (14.7%) (15.4%) (14.9%) (15.2%) (13.5%) (15.6%) (14.9%)
6258 5164 256 5089 303 5015 486 5920 237
AIDS/HIV 0.010 <0.001 0.800 0.065
(0.7%) (0.7%) (0.6%) (0.8%) (0.5%) (0.8%) (0.8%) (0.8%) (0.7%)
56,116 50,147 1132 46,946 2008 43,376 2838 47,319 1370
Alcohol ab ’ : <0.001 ’ <0.001 : <0.001 ’ <0.001
coniot abuse (6.4%) (1.2%) (2.8%) (1.1%) (3.6%) (6.7%) (4.6%) (6.6%) (4.2%)
32,421 1821 30,913 2847 30,463 3144 35,473 1766
Autoi diti N/A . 0.100 : <0.001 : <0.001 ’ <0.001
vrotmmune conditions (4.7%) (4.5%) (4.7%) (5.0%) (4.7%) (5.1%) (5.0%) (5.5%)
8097 6275 336 5883 565 5878 806 6427 456
Lymph 0.120 0.009 <0.001 <0.001
ymphoma (0.9%) (0.9%) (0.8%) (0.9%) (1.0%) (0.9%) (1.3%) (0.9%) (1.4%)
6383 5155 290 4923 483 4703 659 5087 317
Leukemi 0.500 0.004 <0.001 <0.001
eukermia (0.7%) (0.7%) (0.7%) (0.7%) (0.9%) (0.7%) (1.1%) (0.7%) (1.0%)
31,200 26,628 603 25,003 960 24,304 1623 27,174 896
Metastati ’ ’ <0.001 ’ <0.001 ’ <0.001 ’ <0.001
clastatic cancer (3.5%) (3.8%) (1.5%) (3.8%) (1.7%) (3.7%) (2.6%) (3.8%) (2.8%)
Non-metastatic solid 38,725 31,394 1193 30,342 1797 29,837 2490 34,306 1478
. ’ <0.001 ’ <0.001 ’ <0.001 : 0.064
cancer (4.4%) (4.5%) (2.9%) (4.6%) (3.2%) (4.6%) (4.0%) (4.8%) (4.6%)
73,573 58,742 6876 54,926 5607 53,142 7081 58,357 3993
Dementi . . <0.001 : <0.001 ’ <0.001 : <0.001
ementia (8.4%) (8.4%) (16.9%) (8.3%) (9.9%) (8.2%) (11.4%) (8.1%) (12.3%)
157,032 127,044 6798 120,703 9001 116,616 10,062 133,029 5691
Depressi ’ : <0.001 ’ <0.001 ’ ’ <0.001 ’ <0.001
cpression (17.9%)  (182%)  (16.7%) (18.3%) (16.0%) (17.9%) (16.2%) (18.6%) (17.6%)
105,731 80,678 5306 74,164 6769 73,250 6755 76,962 3321
Diabet licated : . <0.001 : <0.001 : 0.004 ’ 0.005
1abeles, uneompieatet  12.0%)  (11.6%)  (13.0%) (11.3%) (12.0%) (11.2%) (10.9%) (10.7%) (10.3%)
Diabetes, with 228337 191,391 13,144 184,029 17,149 183,495 17,890 207,495 9625
fabetes, wi <0.001 <0.001 0.002 0.003
complications (25.9%)  (275%)  (32.3%) (28.0%) (30.4%) (28.1%) (28.7%) (29.0%) (29.7%)
48,241 42,87 1022 41,079 216 39,648 2897 44,634 1394
Drug ab ’ : <0.001 : <0.001 : <0.001 : <0.001
fug abuse (5.5%) (6.1%) (2.5%) (6.2%) (3.9%) (6.1%) (4.7%) (6.2%) (4.3%)
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Hypertension, 336,111 273,945 19,003 261,643 24,064 264,291 28,758 298,694 15,824
: <0.001 <0.001 <0.001 <0.001
complicated (382%)  (393%)  (46.7%) (39.8%) (42.7%) (40.5%) (46.2%) (41.7%) (48.9%)
Hypertension, 290388 226219 13733 o 211591 19330 o 200541 19383 o 228267 7B o,
uncomplicated (33.0%)  (32.5%)  (33.8%) (32.2%) (34.3%) (32.1%) (31.1%) (31.9%) (30.1%)
817,561 656,245 40,588 620,746 56,177 615,900 61,737 680,843 32,072
Chronic lung di ’ ’ ’ <0.001 ’ ’ <0.001 ’ ’ <0.001 ’ ’ <0.001
FOMIC UG CISEASE 9> 8o5)  (94.2%) (99.7%) (94.3%) (99.6%) (94.5%) (99.2%) (95.1%) (99.1%)
195,71 164,6 10,868 162,532 16,1 161,8 14,698 181,81 4
Obesity 93,713 64,673 0.8 <0.001 62,53 6179 g 161:89 698 0001 81,818 46 001
(222%)  (23.6%)  (26.7%) (24.7%) (28.7%) (24.8%) (23.6%) (25.4%) (23.0%)
Peripheral vascular 100,147 79,654 336 _ 00 78051 4532 o 76834 6166 oo 86,434 285 oo
disease (11.4%)  (11.4%) (1.7%) (11.9%) (8.0%) (11.8%) (9.9%) (12.1%) (10.1%)
151,639 121,399 7394 115,061 9633 116,415 11,018 132,719 6436
Hypothyroidi : : <0.001 ’ 0.016 ' ’ 0.300 ’ <0.001
YPOTyroldistn (172%)  (17.4%) (18.2%) (17.5%) (17.1%) (17.9%) (17.7%) (18.5%) (19.9%)
11,414 9444 404 9640 757 10,280 929 12,054 562
Other thyroid disord ’ <0.001 0.020 ’ 0.110 ’ 0.500
cr Tyrold Qorders 4 305 (1.4%) (1.0%) (1.5%) (1.3%) (1.6%) (1.5%) (1.7%) (1.7%)
246,587 201,937 12,740 192,443 15,777 190,782 18,927 215,163 10,296
Chronic kidney di ’ ’ ’ <0.001 : ’ <0.001 : ’ <0.001 ’ : <0.001
TOMIC RIGREY QISEASE 08 0%)  (29.0%) (31.3%) (29.2%) (28.0%) (29.3%) (30.4%) (30.0%) (31.8%)
125306 106,881 6680 104,526 8815 108,479 10,953 129,244 6317
Chronic heart fail : : <0.001 . 0.120 ’ ’ <0.001 ’ <0.001
FOMERCALIATUIE (1 h0)  (153%)  (16.4%) (15.9%) (15.6%) (16.6%) (17.6%) (18.0%) (19.5%)

p values compare hospitalizations with and without COVID-19 within each calendar year and were calculated using Wilcoxon rank-sum tests for continuous variables and Pearson chi-square
tests for categorical variables. Autoimmune conditions were not available in the 2019 NIS and are reported as N/A. Abbreviations: IQR = interquartile range; SD = standard deviation.
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Patients with COPD were centered at approximately 70 years old, and those with COVID-19 were
older than those without COVID-19 in these years (2020: 72.6 vs. 69.3; 2021: 70.5 vs. 69.5; 2022: 71.8 vs.
69.9; 2023: 73.4 vs. 70.2; p < 0.001). Compared with patients without COVID-19, those with COPD and
COVID-19 were less likely to be female in 2020-2022 (p < 0.001), whereas the sex distribution was similar
between groups in 2023. Elective admission was much less common in the COVID-19 group across all
years (2020: 11.3% vs. 3.8%; 2021: 10.9% vs. 3.2%; 2022: 10.6% vs. 3.3%; 2023: 10.4% vs. 3.3%; p <
0.001). Compared with patients without COVID-19, those with COVID-19 were more likely to have no
reported injury diagnosis and generally had a higher proportion of Medicare coverage and a lower
proportion of Medicaid coverage. Among patients without COVID-19, these characteristics are similar to
those observed in the 2019 cohort.

Hospital-level characteristics also differed between the two groups. Patients with COVID-19 were
slightly more likely to be admitted to small hospitals (24.3% vs. 25.8% in 2020, 24.7% vs. 26.4% in 2021,
25.1% vs. 26.9% in 2022, and 25.6% vs. 27.9% in 2023; p < 0.001). They were also more likely to be treated
in rural hospitals (2021: 12.1% vs. 15.7%; 2022: 12.6% vs. 14.4%; 2023: 12.0% vs. 13.4%; p <0.001).

In general, among patients with COPD, those with COVID-19 had a heavier comorbidity burden than
those without COVID-19. Higher prevalence (p < 0.001) of dementia, diabetes with complications,
complicated hypertension, and obesity was observed in the COVID-19 group across all years. These
findings indicate that the COVID-19 and non-COVID-19 groups were not directly comparable at baseline
and further support adjustment for comorbidities in the multivariable models.

3.2. In-Hospital Mortality and Complications

Patients with COPD and a concurrent diagnosis of COVID-19 had higher in-hospital mortality than
those without COVID-19 from 2020 to 2023 (Table 2). The mortality rate among patients without COVID-
19 was relatively stable over time, ranging from 3.8% to 4.1%, whereas mortality in the COVID-19 group
was substantially higher in 2020 and 2021 (19.6% and 16.6%, respectively), and subsequently declined to
9.2% in 2022 and 6.0% in 2023. As shown in Table S2 and Figure 2A, COVID-19 was associated with a
substantially increased mortality risk in patients with COPD early in the pandemic, with the magnitude of
the association declining over time. The aORs were 5.954 (95% Cl, 5.783—-6.130) in 2020 and 4.908 (95%
Cl, 4.778-5.041) in 2021, decreasing to 2.262 (95% CI, 2.193-2.333) in 2022 and 1.484 (95% CI, 1.413—
1.558) in 2023. By contrast, metastatic cancer remained consistently strongly associated with in-hospital
mortality across the years, with aORs ranging between 2.594 and 3.134 during 2019-2023. Malnutrition
and non-metastatic solid cancer also showed stable associations with increased in-hospital mortality.

For AKI, chronic kidney disease was the most consistently associated factor, with aORs ranging from
2.991 to 3.372 during 2019-2023. The association between COVID-19 and AKI was strongest in 2020 and
declined progressively through 2023, whereas malnutrition and obesity showed relatively stable
associations over time (Figure 2B; Table S3).
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Table 2. Clinical and Hospital Utilization Outcomes Among Hospitalized Patients with COPD From 2019 to 2023, Stratified by COVID-19 Status.

2019 2020 2021 2022 2023
Without  With Without  With Without  With Without  With
Outcomes Overall Overall COVID- COVID- Overall COVID- COVID- Overall COVID- COVID- Overall COVID- COVID-
19 19 p Value 19 19 p Value 19 19 p Value 19 19 p Value
N= N= N= N= N= N= N= N= N=
881,008 737,636 696,946 | 10:690 714315 657,933 " 20982 714230 651,975 023 748441 716071 2370
I&?;Zilttyal <0.001 <0.001 <0.001 <0.001
e SS0918 702742 670,033 32,709 678260 631271 46,989 681,814 625307 56,507 719225 688,812 30,412
(96.6%)  (953%)  (96.2%)  (80.4%) (95.0%)  (96.0%)  (83.4%) (95.5%)  (95.9%)  (90.8%) (96.1%)  (96.2%)  (94.0%)
bieg 29858 34634 26685 7949 35877 26498 9379 32227 26490 5737 29,016 27,068 1948
(.4%)  (47%) (3.8%)  (19.6%) (5.0%)  (4.0%)  (16.6%) (4.5%)  (41%)  (9.2%) (.9%)  (3.8%)  (6.0%)
AKI <0.001 <0.001 <0.001 <0.001
Noak| 680763 55107 524888 26,169 528401 491,043 37,358 529344 486,336 43,008 554,544 531,625 22,919
(173%)  (74.7%)  (75.3%)  (64.3%) (74.0%)  (74.6%)  (66.3%) (74.1%)  (74.6%)  (69.1%) (74.1%)  (742%)  (70.8%)
A 200245 186579 172,058 14,521 185914 166,890 19,024 184,886 165,639 19,247 193,897 184,446 9451
(22.7%)  (253%) (24.7%)  (35.7%) (26.0%)  (25.4%)  (33.7%) (25.9%)  (25.4%)  (30.9%) (25.9%)  (25.8%)  (29.2%)
Total <0.001 <0.001 <0.001 <0.001
Charges ($)
Mean(spy V625 BASTS 82999 111588 85985 83,695 112,668 83,008 81,938 94,200 87,944 87,566 96,306
(114,015) (126,963) (123,412) (174,888) (128,268) (123,077) (175,740) (125,688) (123,032) (150,242) (127,042) (126,235) (143,491)
Median 46278 49.646 49003 60,570 50,739 49,870 62,440 49,133 48,698 54,095 52,643 52,384 58,025
lory)  3I @13@rl0, (32515 (27,927, (27,515, (34,120, 27211, (26941, (30,283, (29,577, (29,405, (33,703,
87,675)  94.892) 93,649) 120,304) 96,815 94,874) 122,681) 93487)  92,621) 102,522) 99,024)  98,792) 104,148)
LOS by
disposition,
mean (SD),
days
Routine 4.6 48 47 6.6 49 4.8 6.4 5.0 49 5.9 4.8 4.8 5.5
Discharee  (47) (.00 49 62 O sy sy e MY a0 3y gy M sy sy ey 00
bied 7.4 8.0 73 106 oo 87 7.5 120 _ oo 84 7.8 109 oo 79 7.7 109 oo

(10.5)  (10.5)  (10.8)  (9.3) (10.8)  (10.5)  (10.9) (1L1)  (10.9)  (11.6) (11.1)  (10.8)  (13.6)
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Transfer to 52 5.5 5.3 7.3 5.7 5.4 9.0 5.9 5.7 8.8 5.4 5.3 7.9
<0.001 <0.001 <0.001 <0.001
acute hospital  (9.2) (10.9) (10.5) (15.0) (10.3) 9.3) (17.4) (11.3) (10.4) (19.1) (8.2) (8.0) (11.2)
Transfer to
another 8.1 8.7 8.4 11.3 <0.001 9.1 8.7 13.3 <0.001 9.3 9.0 12.4 <0.001 9.0 8.8 11.1 <0.001
facilit (8.3) (9.0) (8.8) (10.8) (9.8) 9.3) (13.2) (10.3) 9.7) (14.3) (10.0) (9.6) (14.9)
Y

Total charges were inflation-adjusted to 2023 U.S. dollars using the Consumer Price Index. p values compare hospitalizations with and without COVID-19 within each calendar year and were
calculated using Pearson chi-square tests for categorical outcomes and Wilcoxon rank-sum tests for continuous outcomes. Abbreviations: AKI = acute kidney injury; IQR = interquartile range;

LOS = length of stay; SD = standard deviation.
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(A) aORs for In-Hospital Mortality, 2019-2023 (B) aORs for Acute Kidney Injury, 2019-2023
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Figure 2. Temporal Trends in Adjusted Effect Estimates and 95% ClIs for Top Risk Factors of Two Clinical Outcomes Among

Hospitalized Patients With COPD, 2019-2023. (A) aORs for in-hospital mortality; (B) aORs for acute kidney injury. aOR,
adjusted odds ratio; CI, confidence interval.

3.3. Hospital Utilization Outcomes

For total hospital charges, COVID-19 infection was associated with higher total hospital charges, with
adjusted increases of 17.8% (2020), 27.7% (2021), 15.4% (2022), and 14.9% (2023) compared to patients
without COVID-19 (Figure 3A; Table S4). Malnutrition showed the largest adjusted association with total
hospital charges each year, with total charges increasing by approximately 40%.

(A) Percent Changes in Total Charges, 2019-2023 (B) sHRs for Routine Discharge, 2019-2023
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Figure 3. Temporal Trends in Adjusted Effect Estimates and 95% Cls for Top Risk Factors of Two Hospital Utilization
Outcomes Among Hospitalized Patients With COPD, 2019-2023. (A) Percent changes in total hospital charges; (B) sHRs for
routine discharge. sHR, subdistribution hazard ratio; CI, confidence interval.

For time-to-routine discharge, Figure 4 shows the cumulative incidence functions (CIFs) of discharge
dispositions by COVID-19 status across study years. Compared with the non-COVID-19 group, patients
with COVID-19 consistently showed a lower cumulative incidence of routine discharge and a higher
cumulative incidence of in-hospital death. Although discharge outcomes in patients with COVID-19
improved over time, they remained worse than those observed in patients without COVID-19.
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Figure 4. Cumulative Incidence Functions by Discharge Disposition Among Patients with COPD From 2019 to 2023, Stratified
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LOS differed between patients with and without COVID-19 across all disposition categories, with
patients with COVID-19 generally having longer mean LOS (Table 2).

Fine—Gray subdistribution hazards models were applied to analyze time-to-routine discharge for each
year. The sHRs for COVID-19 were 0.528 (95% ClI, 0.522—0.535) in 2020 and increased progressively in
2021 (sHR, 0.652; 95% CI, 0.646—-0.659), 2022 (sHR, 0.814; 95% CI, 0.807—0.822), and 2023 (sHR, 0.841;
95% CI, 0.830-0.852), indicating attenuation of the association over time (Figure 3B; Table S5).

Among other comorbidities, dementia consistently showed the smallest sHR across all years, ranging
from 0.52 to 0.55, indicating a lower cumulative incidence of routine discharge among patients with
dementia. Malnutrition and metastatic cancer were also associated with a lower cumulative incidence of
routine discharge (sHR ranging from 0.576 to 0.593 for malnutrition and sHR ranging from 0.761 to 0.802
for metastatic cancer during 2019-2023).

3.4. Secondary Analysis in Hospitalizations with COPD as the Primary Diagnosis

We conducted a secondary analysis restricted to hospitalizations in which COPD was listed as the
primary diagnosis. The restricted cohort included 96,454 hospitalizations in 2019 and 58,149 in 2020. The
number remained at approximately 50,000 to 51,000 per year from 2021 to 2023 (Table S6). The lower
number of COPD hospitalizations during the pandemic may be partly attributable to COVID-19 being
coded as the primary diagnosis, with COPD recorded as a secondary diagnosis. Mortality among patients
with COVID-19 was highest in 2020 and 2021, at 8.2% and 6.8%, respectively, and declined to 3.1% in
2022 and 2.3% in 2023, whereas mortality among patients without COVID-19 remained relatively stable
at approximately 1.1% to 1.2%. In multivariable logistic regression models, COVID-19 was associated
with increased odds of in-hospital mortality, with the strongest association in 2020 (aOR, 8.017; 95% (I,
4.330-14.844), followed by 2021 (aOR, 5.372; 95% CI, 3.369-8.566), 2022 (aOR, 2.313; 95% CI, 1.490-
3.591), and 2023 (aOR, 2.126; 95% CI, 1.120—4.034). Metastatic cancer, malnutrition, and non-metastatic
solid cancer also remained consistently associated with higher in-hospital mortality across the years.
Overall, these findings were consistent with the full COPD cohort analysis, although the absolute mortality
rates and adjusted odds ratios differed for the primary-diagnosis cohorts. Detailed results are provided in
Table S7. The lower mortality observed in the primary-diagnosis cohort is expected because these
hospitalizations were primarily driven by COPD-related illness, whereas the full COPD cohort also
included patients hospitalized for other serious conditions with COPD recorded as a secondary diagnosis.
Consequently, the broader cohort likely had a higher burden of illness, resulting in greater overall mortality.

4. Discussion

This study examined major factors associated with clinical and hospital utilization outcomes and
temporal patterns among hospitalized patients with COPD from 2019 to 2023 using the NIS database.
Several important findings emerged. First, the association of COVID-19 with clinical and hospital
utilization outcomes varied across years and outcomes. Across all the outcomes examined, the magnitude
of association for COVID-19 was strongest in 2020 and 2021 and then declined in 2022 and 2023. Second,
some chronic comorbidities, such as malnutrition, remained relatively stable over time and continued to
show important associations with poor hospital outcomes. Overall, these findings suggest that both
pandemic-related factors and persistent chronic conditions were associated with worse clinical and hospital
utilization outcomes among hospitalized patients with COPD, but their relative importance differed by
outcome and changed over time.

The strong association of COVID-19 with adverse outcomes in the early pandemic years was one of
the most important findings in this study. In both descriptive analyses and multivariable models, patients
with COPD who had COVID-19 experienced worse clinical and hospital utilization outcomes than those
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without COVID-19, particularly in 2020 and 2021. This pattern is clinically plausible because patients with
COPD have limited respiratory reserve and are more vulnerable to severe outcomes from acute respiratory
infections, including COVID-19 [15]. In later years, the association of COVID-19 attenuated. A possible
explanation is that vaccination, improved treatment strategies, changes in circulating variants, and increased
clinical experience reduced the severity and hospital burden of COVID-19 over time [16]. Although the
association of COVID-19 decreased over time, it remained an important factor, suggesting that COVID-19
remained associated with worse hospital outcomes even after the early pandemic period.

Another important finding was the stable role of chronic comorbidities across the years. Malnutrition
was one of the most notable examples. It appeared as an important factor in multiple outcomes and was
especially strong in the models for routine discharge and total charges. This finding is clinically plausible
because malnutrition in COPD can contribute to skeletal muscle depletion, respiratory muscle weakness,
reduced ventilatory capacity, impaired cough and airway clearance, and lower physiologic reserve [17].
These mechanisms may make recovery from acute respiratory illness more difficult and increase the need
for supportive care during hospitalization. Similarly, metastatic cancer remained strongly and consistently
associated with mortality, likely reflecting advanced systemic disease, greater tumor burden, impaired
organ function, and reduced ability to tolerate acute illness [18]. Chronic kidney disease (CKD) remained
the dominant factor associated with AKI, which is clinically plausible because patients with CKD have
impaired baseline kidney function and reduced renal reserve, making them more vulnerable to acute kidney
insults [19]. These patterns suggest that chronic underlying disease burden continued to play a major role
in hospitalized patients with COPD, even when the acute association of COVID-19 became smaller.

The results for time-to-routine discharge provide additional insight into the hospital burden. In the
competing risks framework, dementia, malnutrition, and metastatic cancer were all associated with lower
sHR for routine discharge, indicating a lower cumulative incidence of routine discharge over time. COVID-
19 was also associated with a lower cumulative incidence of routine discharge in the early pandemic years,
but this association weakened in later years. These findings suggest that both acute infectious burden and
chronic patient complexity can delay routine discharge, although their temporal patterns may differ.
Because routine discharge was analyzed in the presence of competing events, the Fine—Gray model
provided a more appropriate way to characterize discharge patterns than a standard survival model that
ignores competing outcomes.

Several limitations should also be considered. First, this retrospective observational study used an
administrative database, so the findings should be interpreted as associations rather than causal effects.
Second, the NIS does not contain POA indicators for all relevant diagnoses in this analysis, so some
conditions identified during hospitalization, such as AKI, could not always be clearly distinguished as pre-
existing comorbidities versus in-hospital complications. Third, changes in data availability in the NIS
across years may affect comparability. Some hospital-level and demographic variables were limited or
modified in 2023, and incomplete reporting of total charges from certain states in 2023 may have influenced
the charge analyses. Fourth, comorbidities were identified using year-specific HCUP Elixhauser definitions,
and the included conditions were not completely identical across all years. Fifth, potential correlations
among hospitalizations within the same hospital and repeated admissions of the same patient were also not
accounted for (due to limitations of the NIS data), which may have overstated the precision of the estimates.
Finally, discharge-level weights were not applied in the regression analyses, so the model results should be
interpreted as associations within the analytic sample rather than nationally representative estimates.

Future studies could extend this work by using patient-level longitudinal datasets that allow repeated
admissions to be linked over time and provide more detailed clinical information, such as POA indicators,
laboratory values, or severity measures. Future research could also examine post-discharge outcomes, such
as readmission or longer-term mortality, to provide a more complete picture of the hospitalization burden
among patients with COPD over time.
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5. Conclusions

Among hospitalized patients with COPD, associations between major risk factors and clinical and
hospital utilization outcomes varied over time. The associations of COVID-19 with adverse outcomes were
strongest early in the pandemic, whereas chronic comorbidities remained consistently associated with
adverse outcomes. These findings highlight the importance of considering both temporal context and
underlying comorbidity burden when evaluating hospitalized patients with COPD.
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