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Change in exacerbation rate of
COPD patients before and after
COVID-19 infection

JoonYoung Choi, Kyung Joo Kim?3“>? & Chin Kook Rhee?*"*

The COVID-19 pandemic has profoundly affected global health system, significantly altering not only
the acute management of viral infection, but also management strategies for chronic diseases. This
study aimed to investigate the impact of COVID-19 infection on exacerbation rates and the economic
burden in patients with COPD. We conducted a retrospective cohort study using data from the
national insurance reimbursement data of South Korea. Eligible participants included COPD patients
diagnosed with COVID-19 between January and December 2020. We analyzed exacerbation rates,
healthcare utilization, and medical costs pre- and post-COVID-19 infection. In 3,445 COPD patients
who were infected by COVID-19, COVID-19 infection resulted in increased annual moderate-to-severe
and severe exacerbations compared to pre-COVID-19 infection (IRR=1.062 [95%Cl 1.027-1.099];
IRR=1.315 [95%CIl 1.182-1.481], respectively). Among previously non-exacerbators, 11.2% of patients
transitioned to exacerbator after COVID-19 infection. Older age, comorbidities and use of triple
therapy were the factors associated with transitioners. Direct medical costs escalated significantly
from approximately $6810 to $11,032, reflecting the increased intensity of care after COVID-19
infection. COVID-19 infection has significantly increased rate of exacerbations in patients with COPD
and imposed a heavier economic burden on healthcare system. Among non-exacerbators, substantial
number of patients transitioned to exacerbators after COVID-19 infection.
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The COVID-19 pandemic has created unprecedented challenges and changes across the world, fundamentally
altering the context of global health!. In South Korea, the first confirmed case of COVID-19 was reported
on January 20, 2020 Following this, strict public health interventions, such as mandatory mask usage and
social distancing, were implemented to control the spread of the virus®. By May 19, 2024, the total number of
confirmed cases worldwide had reached 775,522,404, with 7,049,617 reported deaths in South Korea*. It has
impacted every aspect of healthcare, notably influencing the acute management of the viral infection itself,
from detection and diagnosis to treatment protocols®”. Beyond these immediate effects, the pandemic has
also profoundly influenced the management and trajectory of chronic diseases, posing challenges to ongoing
management strategies for these conditions®1°.

Chronic obstructive pulmonary disease (COPD), a prevalent and progressive respiratory disease, is
characterized by persistent respiratory symptoms and airflow obstruction, primarily caused by long-term
exposure to noxious particles or gases'!. Exacerbation, defined as a sudden worsening of symptoms such as
increased breathlessness, cough, and sputum production, has been reported to lead to the acceleration of lung
function decline, deterioration of quality-of-life, more frequent exacerbation, and increased mortality'2. During
the COVID-19 pandemic, the exacerbation rate of COPD has been reported to be lower, attributed largely to
protective measures implemented by governments, such as widespread mask mandates, social distancing, and
increased public awareness of respiratory hygiene!3-1°.

One of the most important factors for future exacerbation is the previous exacerbation history'!2. Frequent
exacerbators are shown to be characterized by increased inflammation, a higher number of comorbidities, and
poorer baseline lung function'>!7~1°. The status between frequent and non-frequent exacerbators may change
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due to variations in treatment adherence, environmental factors, or newly developed comorbid conditions?0-23,

Limited studies have shown the impact of COVID-19 infection on the exacerbation rate between pre- and post-
infection in patients with COPD.

In this study, we aimed to identify the different rates of exacerbation frequency between pre- and post-
COVID infection in patients with COPD. We hypothesized that those who have infected with COVID-19 may
become more frequent exacerbators. Moreover, we aimed to analyze the difference in characteristics between
non-exacerbators and exacerbators in post-COVID-19 patients with COPD, among pre-COVID-19 non-
exacerbators.

Methods

Study population and data collection

The HIRA database, which encompasses insurance reimbursement claims from all medical centers in South
Korea, provides detailed information including patient demographics, types of medical centers, diagnoses
(using the 10th revision of the International Statistical Classification of Diseases and Related Health Problems;
ICD-10 classification), prescribed medications, and medical costs?*. For this research, we selected patients with
COVID-19 infection and COPD from January to December 2020. COVID-19 infection was detected with the
presence of ICD-10 codes of U071, U072, U09, and U099. COPD patients were identified based on the following
criteria: age 40 years or older; a primary or secondary (within the fourth position) diagnosis of COPD according
to ICD-10 codes J43-J44 (excluding J43.0); and receipt of COPD medications (such as systemic 2-agonists,
theophylline, LABA, LAMA, combinations of LABA and LAMA, SABA, SAMA, combinations of SABA and
SAMA, ICS combined with LABA, or PDE4 inhibitors) at least twice a year throughout the duration of the study,
as previously described?>~?’. To evaluate clinical characteristics and medical costs in pre- and post-COVID-19
infection, we extracted data from January 2019 to December 2021. The pre-COVID period was defined as 1 year
before the registered COVID-19 infection date for each patient, and the post-COVID period was defined as 1
year after the infection date. We excluded patients who had re-infection of COVID-19 within a year.

Clinical parameters

General characteristics including age, sex, insurance type (national health insurance, medical aid, veterans’
insurance), and comorbidities such as hypertension, diabetes, coronary heart disease, gastroesophageal reflux
disease, malignancy, and renal insufficiency were collected from the database. Modified Charlson Comorbidity
Index (mCCI) was calculated according to a previously described method. Information on types of COPD
medication was gathered including long-acting beta agonist (LABA) or long-acting muscarinic antagonist
(LAMA), LABA plus LAMA, inhaled corticosteroids (ICS) plus LABA, and ICS plus LABA plus LAMA were
collected.

Exacerbation
The operational definition of a moderate exacerbation encompasses the following criteria: an outpatient visit, a
diagnosis of COPD as indicated by ICD-10 codes J43-J44 (excluding J43.0), and the prescription of antibiotics
or systemic corticosteroids. A severe exacerbation is defined by an emergency room visit or hospital admission
with presence of ICD-10 code for COPD, and the prescription of antibiotics and/or systemic corticosteroids.
Patients with ICD-10 codes for pneumonia (J12-J17), pulmonary embolism (126, 126.0, or 126.9), or acute
respiratory distress syndrome (J80) were excluded. If events occur within a 14-day period, they are considered a
single exacerbation event. All the operational definitions for exacerbations were previously described?*?’.
Exacerbators are defined by those with >2 moderate exacerbation or >1 severe exacerbation in 1 year,
whereas non-exacerbators are defined by those with no exacerbation or 1 moderate exacerbation in 1 year.

Statistical analysis

All statistical analyses were performed using SAS Enterprise Guide (version 7.1; SAS Institute, Inc., Cary, NC,
USA). Categorical variables are presented as numbers (%) and continuous variables as mean + standard deviation
(SD). Statistical significance was defined as p <0.05.

The differences in the percentage of patients who experienced exacerbations and in medication use between
the pre-COVID-19 and post-COVID-19 periods were compared using McNemar’s test. Difference of annual
exacerbation rate between pre-COVID-19 and post-COVID-19 period in patients with COPD were analyzed
with binomial mixed model. The differences in 1-year direct medical costs between the pre- and post-COVID-19
periods were compared overall, by post-COVID-19 exacerbation status, and by type of medical use (inpatient
and outpatient), using paired t-tests. Also, we compared differences of baseline characteristics between
non-exacerbators and exacerbators in post-COVID-19 patients, among pre-COVID-19 non-exacerbators.
Continuous variables were analyzed with the Student’s t-test and categorical variables with the ¥ test.

Results

General characteristics of study subjects

Among 83,123 patients with COVID-19 infection in 2020, number of eligible COPD patients without re-
infection event of COVID-19 within year was 3,445 (Fig. 1). Mean age of the population was 70.42 +1.44, and
70.1% were male (Table 1). Most of the patients were covered by NHI, and mean mCCI was 6.07 +3.18.

Differences of annual exacerbation rate before and after COVID-19
Compared to pre-COVID-19 period, post-COVID-19 period showed increase in the proportion of patients
experiencing moderate-to-severe (26.5% vs. 34.2%, respectively) and severe (7.31% vs. 9.6%, respectively)
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COVID-19 patients from 2020.1.1 to 2020.12.31 (n= 83,123)

Eligible COPD patients (n= 3,830)

Re-infection of COVID-19 within a year (n=210)

Under 40 years of age (n= 175)

Analysis population (n= 3,445)

Fig. 1. Flow chart of the study. COVID-19, coronavirus disease 2019; COPD, chronic obstructive pulmonary

disease.
Total
(N=3,445)
Age 70.42+1.44
Sex (male) 2,416(70.1)
Insurance type
NHI 2,759(80.1)
Medical Aid 512(14.9)
Veterans’ insurance 174(5.0)
Comorbidities
HTN 2,528(73.4)
DM 2,169(63.0)
Coronary heart disease | 1,164(33.8)
Malignancy 1,023(29.7)
Renal insufficiency 771(22.4)
mCCI 6.07+3.18

Table 1. General characteristics. NHI, national health insurance; HTN, hypertension; DM, diabetes mellitus;
mCCI, modified Charlson Comorbidity index.

exacerbation (Table 2). In binomial mixed model, incidence rate ratio (IRR) of moderate-to-severe exacerbation
between pre-COVID-19 and post-COVID-19 period was 1.062 (95%CI, 1.027-1.099; p<0.001), and severe
exacerbation was 1.315 (95%CI 1.182-1.481, p <0.001) (Table 3, Figure S1), suggesting more frequent moderate-
to-severe and severe exacerbation shown in post-COVID-19 compared to pre-COVID-19 infection.

Differences in baseline characteristics between non-exacerbators and exacerbators
in post-COVID-19 patients, among pre-COVID-19 non-exacerbators

The number of exacerbators increased from 454 to 499 patients before and after COVID-19 infection, respectively
(Fig. 2). Among the 2,991 patients who were non-exacerbators before COVID-19 infection, 334 (11.2%) patients
transitioned to exacerbators. Those who transitioned to exacerbators showed older age, and more covered by
medical aid or veterans’ insurance. Use of triple therapy (ICS+LABA + LAMA) at baseline were more frequent
in those who transitioned to exacerbators compared to consistent non-exacerbators (Table 4).
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Pre-COVID-19 | Post-COVID-19 | p-value
Moderate AE 482(14.0) 439(12.7) 0.087
Severe AE 250 (7.3) 329(9.6) <0.001
Moderate-to-severe AE | 630 (18.2) 673(19.6) 0.057
COPD medication
LABA or LAMA 61(1.8) 55(1.6) 0.526
LABA+LAMA 241(7.0) 292(8.5) 0.003
ICS+LABA 384(11.2) 385(11.2) 0.999
ICS+LABA +LAMA 178(5.2) 182(5.3) 0.810

Table 2. Differences in the number of patients who experienced exacerbations and in medication use
between the pre-COVID-19 and post-COVID-19 periods. COVID-19, coronavirus disease 2019; AE, acute
exacerbation; COPD, chronic obstructive pulmonary disease; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic antagonist; ICS, inhaled corticosteroid.

[IRR | 95%CI | p-value
Moderate exacerbation

Post-COVID-19
(vs. pre-COVID-19)

0.907 | (0.859,0.955) | <0.001

Severe exacerbation

Post-COVID-19
(vs. pre-COVID-19)

1.315 | (1.182,1.481) | <0.001

Moderate-to-severe exacerbation

Post-COVID-19
(vs. pre-COVID-19)

1.062 | (1.027,1.099) | <0.001

Table 3. Differences of annual exacerbation rate between pre-COVID-19 and post-COVID-19 period
(binomial mixed model). COVID-19, coronavirus disease 2019; IRR, incidence rate ratio.

Difference of medical usage between pre- and post-COVID-19 infection

The usage of LABA plus LAMA medications for COPD increased from 7.0 to 8.5% (p<0.003), while there
was no significant difference in use of mono-bronchodilator and triple therapy (Table 2). The total direct
medical costs increased from the pre-COVID-19 to the post-COVID-19 period, from $6809.95+11521.08 to
$11032.19+18834.31 (Exchange currency: 1 USD =1366.00 KRW [based on 29 May 2024], p <0.001) (Table 5).
The increased costs were comparable whether individuals were non-exacerbators or exacerbators in the post-
COVID-19 period.

Discussion

In this study, we analyzed the impact of the COVID-19 infection on the exacerbation rates of COPD patients,
alongside variations in medication use, and direct medical costs before and after COVID-19. Our findings
revealed a significant increase in the proportion of patients experiencing moderate-to-severe and severe
exacerbation after COVID-19 infection, with exacerbation becoming more frequent compared to the pre-
COVID-19 year. This escalation is paralleled by increase in the utilization of LABA+LAMA combination
therapy, suggesting a shift towards more aggressive management strategies during the pandemic. Among
patients who were non-exacerbators before COVID-19 infection, 27.0% of patients transitioned to frequent
exacerbators; those with older age, more comorbidities and using triple therapy at baseline were more likely to
be the transitioners. Lastly, the economic analysis further revealed a significant rise in the direct medical costs
after COVID-19 infection, reflecting the elevated healthcare demands and the intensified treatment regimens
required for managing patients.

The increased risk of exacerbation in patients with COPD following COVID-19 infection indicates significant
immunological and pathologic mechanisms?*-3°. Viral infections are known to be a prominent trigger for
exacerbation in COPD, and SARS-CoV-2 contributes to this by inducing extensive lung inflammation and tissue
damage?®30. Previous studies have shown that COVID-19 aggravates airway inflammation in COPD patients,
potentially due to the virus's interaction with ACE2 receptors, which are highly expressed in the lung tissue?®3!.
This interaction not only facilitates viral entry but also exacerbates the inflammatory response, which can worsen
respiratory symptoms and precipitate exacerbation. Immunologically, the systemic inflammatory response to
COVID-19, often resulting in cytokine storm, is particularly detrimental for COPD patients, as it can lead to an
exaggerated immune response, further impairing lung function3*-3*. Dysregulation in immune response due to
COVID-9 could lead to increased susceptibility to severe exacerbation in patients with COPD*.

As a result of the immunological and pathological mechanisms triggered by COVID-19, our study observed
a considerable transition from non-exacerbators to exacerbators among COPD patients after COVID-19
infection. Frequent exacerbator is known to be one of the phenotypes in COPD, which has been shown to be
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Non-exacerbator Non-exacerbator fu

2,991 2,946

COVID-19
3,445

Exacerbator Exacerbator fu

454 499

Fig. 2. Sankey plot for exacerbation group before and after COVID-19 infection. COVID-19, coronavirus
disease 2019.

associated with more COPD symptoms, increased lung function decline rate and mortality'>!7-'. As our study
showed that factors such as older age, the presence of comorbidities, and the use of triple therapy at baseline
were identified as key predictors of transition into frequent exacerbators, it is crucial to implement targeted
monitoring and tailored interventions for these high-risk patients.

The economic burden of the COVID-19 pandemic was massive, with a global mortality cost of $3.5 trillion
being imposed™. As largely of preventive measures, the exacerbation rates of COPD have been shown to be
lowered during COVID-19 pandemic'*~!¢. However, our study has shown that the economic burden of
COVID-19 infection on individuals with COPD has elevated, primarily due to increased exacerbation rates
and the corresponding need for step-up treatment. This burden may also compounded by higher health-care
resource utilization among COPD patients, including increased rates of hospitalization, ICU admission, and
mechanical ventilation, resulting in higher mortality compared to non-COPD patients, which have presented in
the previous studies®’~*°. Therefore, COVID-19 infection in patients with COPD not only demand immediate
medical attention but also lead to prolonged recovery periods, increasing the overall healthcare cost substantially.

During the COVID-19 pandemic, shielding measures such as mask mandates and social distancing were
widely implemented, helping to reduce respiratory infections and exacerbations in patients with COPD?. In Korea,
these protective strategies were strictly enforced starting in March 2020°. These measures likely contributed to
fewer viral and bacterial respiratory infections’. For example, the number of severe acute respiratory infections
decreased dramatically (from 18.61 to 6.25 per 1,000 hospitalized patients) in Korea!. Despite overall decrease
of respiratory infection, our study observed an increase in exacerbations among COPD patients post-COVID-19
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Non-exacerbator | Exacerbator
(N=2,657) (N=334) p- value
Age 69.62+11.64 72.46+11.00 | <0.001
Sex (male) 1799(67.7) 253(75.8) 0.003
Insurance type
NHI 2171(81.7) 262(78.4) 0.032
Medical Aid 372(14.0) 47(14.1)
Veterans’ insurance 114(4.3) 25(7.5)
Comorbidities
HTN 1934(72.8) 245(73.4) 0.827
DM 1687(63.5) 202(60.5) 0.282
Coronary heart disease | 850(32.0) 118(35.3) 0.219
Malignancy 773(29.1) 104(31.1) 0.439
Renal insufficiency 571(21.5) 83(25.9) 0.162
mCCI 6.03+3.15 6.05+3.46 0.885
COPD medication
LABA or LAMA 38(1.4) 8(2.4) 0.177
LABA+LAMA 181(6.8) 47(14.1) <0.001
ICS+LABA 272(10.2) 50(15.0) 0.009
ICS+LABA + LAMA 61(2.3) 51(15.3) <0.001

Table 4. Differences in baseline characteristics between non-exacerbators and exacerbators in post-COVID-19
patients, among pre-COVID-19 non-exacerbators. COVID-19, coronavirus disease 2019; NHI, national health
insurance; HTN, hypertension; DM, diabetes mellitus; mCCI, modified Charlson Comorbidity index; COPD,
chronic obstructive pulmonary disease; LABA, long-acting beta agonist; LAMA, long-acting muscarinic
antagonist; ICS, inhaled corticosteroid.

Pre-COVID-19 Post-COVID-19 p-value
Total $6809.95+11521.08 | $11032.19+18834.31 | <0.001
Total Post-COVID-19 non-exacerbator, | $ 6727.40+11375.94 | $ 10343.29+17711.03 | <0.001
post-COVID-19 exacerbator $7299.08+£12346.99 | $ 14897.73£23843.81 | <0.001
Inpatient Total $9451.40+13136.48 | $13020.15+20661.91 | <0.001
Post-COVID-19 non-exacerbator, | $ 9385.84+21938.27 | $ 12576.26+19665.55 | <0.001
post-COVID-19 exacerbator $9805.90+14179.20 | $ 15001.61 £24551.59 | <0.001
Outpatient | Total $1812.30+3469.69 $1979.77 £4353.60 0.027
Post-COVID-19 non-exacerbator, | $ 1823.98 +3563.62 $1926.41+4223.25 0.198
post-COVID-19 exacerbator $1740.48 +2826.38 $2289.63+5038.84 0.012

Table 5. Differences of direct medical costs between pre-COVID-19 and post-COVID-19 period. Exchange
currency: 1 USD =1366.00 KRW (based on 29 May 2024). COVID-19, coronavirus disease 2019.

infection. This suggests that the direct effects of COVID-19 on COPD exacerbations outweighed the protective
benefits of shielding measures, resulting in higher exacerbation rates.

Our study used robust data from a comprehensive national health insurance reimbursement database,
providing a significant sample size that enhances the generalizability of our findings across the COPD
population. The use of longitudinal data allows for a detailed analysis of changes in exacerbation rates and
medical costs before and after COVID-19 infection, offering valuable insights into the pandemic’s impact on
COPD. Additionally, our data focused on the clinical impact of COVID-19 infection in individuals with COPD,
an area that has not been thoroughly studied.

However, there are some limitations in this study. First, this study has limitation for the nature of the
observational study, which has limitation to establish causality between COVID-19 and exacerbation rates.
Potential confounders including differences in healthcare accessibility, diagnostic accuracy, and patients’
compliance with treatment might have influenced the outcomes. Second, there are potential underreporting
of COPD exacerbations if patients avoided hospital visits during the pandemic era, leading to data that might
not fully capture the incidence of exacerbations. Third, the reliance on reimbursement data may overlook
detailed clinical features, which are not captured in the system, including severity of symptoms, lung function,
and exact reasons for changes in medication regimens. Fourth, since patient inclusion in this study relied on
insurance reimbursement claims for a COVID-19 diagnosis, there is a risk that mild cases may have been
under-reported. Some patients with mild symptoms may have self-managed or not sought medical care,
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leading to missed diagnoses, particularly with rapid antigen tests (RAT). Additionally, some individuals with
self-reported positive RAT results and mild symptoms may not have sought medical treatment or insurance
reimbursement, contributing to the potential under-diagnosis of COVID-19 in our cohort. This could have
resulted in an underestimation of the true prevalence of COVID-19 within the study population. Fifth, the use
of insurance claim data limits our ability to determine whether patients with malignancies were in an active state
or receiving treatment. This lack of detailed clinical information restricts our capacity to evaluate the impact of
malignancy status on immune function and susceptibility to infections, including COVID-19. Lastly, changes in
the prescription of inhalers before and after the COVID-19 pandemic may not necessarily be attributed solely
to the patients’ conditions or the impact of COVID-19; individual doctors’ prescribing patterns could have also
influenced the use of these medications.

In conclusion, this study highlights the increased risk of exacerbation in patients with COPD and the
subsequent escalation of medical costs following COVID-19 infection. We have identified notable increase in
the proportion of those who experienced exacerbation between 1-year pre- and post-COVID-19, and in the
frequency of exacerbations. Furthermore, among non-exacerbators in pre-COVID-19 period, considerable
number of patients transitioned to exacerbators after COVID-19 infection. These findings show profound
impact of COVID-19 on individuals with COPD, emphasizing the need for heightened surveillance for the
vulnerable population. Furthermore, the increased economic burden due to higher healthcare demands also
shows importance of integrating cost-effective approaches of these patients. It is crucial for the future research
to further explore the long-term impact of COVID-19 on COPD patients and to adjust clinical practices
accordingly to enhance patients’ outcomes in post-pandemic healthcare settings.

Data availability

The datasets used for the current study are available from the corresponding author upon reasonable request.
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