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Abstract
Background  Previous studies have consistently reported a decrease in hospital admissions for respiratory diseases 
during the coronavirus disease 2019 (COVID-19) pandemic. However, the impact of the pandemic on idiopathic 
pulmonary fibrosis (IPF) admissions remains unknown.

Methods  This study used data from the Korean National Health Insurance Service database. IPF was defined based 
on the International Classification of Diseases 10th Revision (ICD-10) and rare intractable disease (RID) codes. The rate 
of IPF admissions was calculated by dividing the number of IPF admissions by the prevalence of IPF. The rate of IPF 
admissions during the COVID-19 pandemic (2020–2021) was compared with the mean rate of admissions during 
the prepandemic period (2017–2019) and presented as the rate ratio (RR). A sensitivity analysis was conducted on 
patients treated with systemic corticosteroids during IPF admission.

Results  In patients with IPF defined based on the ICD-10 (analysis 1), the RRs significantly decreased from March in 
2020 to December 2021, except for June and September in 2020. Similarly, in patients with IPF defined based on the 
ICD-10 and RID (analysis 2), the RRs significantly decreased from March 2020 to December 2021, except for June and 
September 2020. In the sensitivity analysis of analysis 1, the RR significantly decreased in 2020 (0.93; 95%CI: 0.88–0.99; 
P = 0.029), whereas the RR in 2021 was not significantly different. The RRs in the sensitivity analysis of analysis 2 
significantly decreased to 0.85 (0.79–0.92; P < 0.001) in 2020 and 0.82 (0.76–0.88; P < 0.001) in 2021. In the subgroup 
analysis, the rates of IPF admissions significantly decreased in 2020 and 2021 across both sexes, patients aged ≥ 60 
years, and all household income groups.

Conclusions  The rate of IPF admissions significantly decreased during the COVID-19 pandemic. This result indicates 
that preventive measures against COVID-19 may effectively mitigate IPF exacerbation. Therefore, it is assumed that 
there is a close relationship between respiratory viral infections and IPF exacerbations.
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Background
The emergence of coronavirus disease 2019 (COVID-
19), caused by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), in December 2019 has 
had a profound impact on global health [1]. In response 
to this pandemic, various policies, including vaccina-
tion, wearing face masks, the implementation of strin-
gent measures, and the imposition of lockdowns, were 
implemented worldwide [2]. Lockdown emerged as a 
comprehensive policy aimed at curbing the spread of the 
virus by restricting gathering and interpersonal contact, 
effectively alleviating strain on healthcare facilities [3]. 
Unexpectedly, the implementation of lockdown affected 
mental and physical health and the management of 
chronic diseases [4, 5]. During the COVID-19 pandemic 
following the implementation of lockdown measures, the 
incidence of asthma exacerbations and hospitalization for 
chronic obstructive pulmonary disease (COPD) signifi-
cantly decreased [6, 7]. During the pandemic, an unprec-
edented global decline was observed in the number of 
patients who developed influenza [8]. These observations 
suggest that preventive measures such as wearing face 
masks, physical distancing, and avoiding contact with 
others contribute to the reduction in the rate of asthma 
exacerbations and COPD [9].

Acute exacerbation of idiopathic pulmonary fibrosis 
(IPF) is a severe complication with a poor prognosis and 
high mortality rate. Acute exacerbation of IPF is classi-
fied as “triggered acute exacerbation” or “idiopathic acute 
exacerbation” according to the presence or absence of a 
known trigger [10]. Viral infections have been assumed 
to be significant triggers of acute exacerbations of IPF 
[11]. In this regard, case reports and series have indicated 
that COVID-19 can precipitate acute exacerbations in 
patients with IPF [12]. Underlying interstitial lung dis-
ease and lung fibrosis are known risk factors that increase 
morbidity and mortality in patients with COVID-19 [13]. 
However, comprehensive studies examining the trends 
in acute exacerbations of IPF during the COVID-19 pan-
demic at a nationwide level are lacking.

This study aimed to investigate whether the COVID-19 
pandemic affected the hospital admission rates for IPF 
by comparing the admission rates before and during the 
pandemic.

Methods
Data source
Data from the Korea National Health Insurance Ser-
vice (NHIS) was used in this retrospective cohort study. 
Established in 2002, this governmental health insurance 
program covers nearly all Korean citizens [14]. Health-
care providers from clinics, hospitals, and pharmacies 
in Korea submit medical service records to the NHIS 
for reimbursement. The NHIS adopted the International 

Classification of Diseases 10th revision (ICD-10) to cat-
egorize diseases based on diagnostic codes. The claims 
data comprised healthcare utilization information for 
both inpatients and outpatients, including patient demo-
graphics, diagnoses, procedures, and prescribed medi-
cations. The NHIS launched a rare intractable disease 
(RID) program in 2005, with IPF being listed as one of 
these diseases. Patients enrolled in the RID program 
receive an additional benefit, with 90% of the healthcare 
costs covered by the NHIS. Due to the rigorous verifica-
tion process and reliability of RID registration, the RID 
registration database has been used in studies investigat-
ing the incidence and prevalence of other rare diseases 
[15–17].

Study participants
In the nationwide population, participants assigned 
the IPF diagnostic codes (J84.18) or RID codes (V236) 
at least once as a primary or first secondary diagno-
sis between January 2017 and December 2021 were 
included. Individuals assigned with the diagnostic code 
for connective tissue diseases (M05, M07, M30–35, M45) 
were excluded. Two definitions were used among the 
participants. The ICD-10 diagnostic code was solely used 
to identify patients with IPF in analysis 1. In analyses 2, 
IPF was diagnosed when both the diagnostic and RID 
codes were met. Comorbidities were determined based 
on the presence of the following diagnostic codes: coro-
nary artery disease (I20–I25), heart failure (I110 and I50), 
cerebrovascular disease (G45, G46, I60–I69, and H340), 
diabetes (E10–E14), and chronic kidney disease (N18 and 
N19). Patients with COVID-19 were identified using the 
corresponding diagnostic codes (U07.1).

Study outcomes
IPF admission was defined as the presence of a corre-
sponding diagnostic code at the primary or first second-
ary diagnosis in hospitalized patients. The number of 
IPF admissions in 2017–2021 for each year was deter-
mined. The prevalence of IPF in each year was defined 
as the total number of patients with an IPF diagnosis at 
least once in an outpatient clinic or hospital admission. 
The rate of IPF admissions was calculated by dividing 
the number of IPF admissions during each month by the 
prevalence of IPF in each corresponding year. The rate of 
IPF admission during the COVID-19 pandemic (2020–
2021) was compared with the rate of admissions between 
2017 and 2019. To ensure the robustness of our results 
across different clinical settings, sensitivity analysis and 
subgroup analysis were conducted.

Sensitivity analysis A assessed whether the IPF admis-
sion rate was affected by the number of patients with con-
firmed COVID-19. Therefore, patients with confirmed 
COVID-19 12 months before and during admission for 
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IPF were excluded. In sensitivity analysis B, patients who 
were treated with systemic corticosteroid (methylpred-
nisolone or prednisolone) during IPF admission were 
analyzed.

A subgroup analysis was conducted to determine 
whether the study results were influenced by patient 
characteristics. Variables included in the subgroup analy-
sis were sex, age groups, and household income. The sub-
jects of the subgroup analysis were limited to patients in 
analysis 2. Sensitivity analysis and subgroup analysis were 
assessed using yearly IPF admission rates, which were 
calculated by dividing the number of IPF admissions dur-
ing a year by the prevalence of IPF in the corresponding 
year.

Statistical analysis
The baseline characteristics of the participants were 
compared using the Mann–Whitney U test for continu-
ous variables and the chi-square test for categorical vari-
ables. Forecasting models for IPF were developed based 
on admission rates over the complete study period using 
an autoregressive integrated moving average (ARIMA) 
approach. The parameters for the ARIMA models were 
chosen utilizing the auto.arima function from the fore-
cast package in R software [18]. The monthly hospital-
ization rates from January 2020 to December 2021 were 
visually compared against the 95% confidence intervals 
(CIs) of the forecasted values. The mean rate of admis-
sions in 2017–2019 served as the reference. The rate of 

IPF admissions in 2020 and 2021 was compared with the 
reference and represented as rate ratios (RRs) with the 
corresponding 95% CIs. The RR was analyzed by divid-
ing the year into 12 months to verify seasonal effects. All 
statistical analyses were performed using SAS 9.4 (SAS 
Institute Inc., Cary, NC, USA). A P value of less than 0.05 
was considered significant.

Results
Demographics of study participants
A total of 51,411 participants met the inclusion criteria. 
Among them, 33,380 participants were not admitted dur-
ing the study period (2017–2021), while 18,031 partici-
pants were admitted at least once (Fig. 1). The proportion 
of men was significantly higher among patients admit-
ted than among those who were not admitted (68.9% vs. 
66.5%; P < 0.001). Patients who were admitted were signif-
icantly older, with a median age of 74.0 years, while those 
who were not admitted were aged 71.0 years (P < 0.001). 
All comorbidities, including coronary artery disease, 
heart failure, cerebrovascular disease, diabetes, and 
chronic kidney disease, were more prevalent in admitted 
patients than in those not admitted (Table 1).

Rate of IPF admission
In analysis 1, hospitalizations for patients diagnosed 
with IPF showed a significant decline compared to the 
expected admission rates in 2020 and 2021 (Fig. 2A). The 
prevalence of IPF increased from 17,681 between 2017 

Fig. 1  Flowchart of the patient selection process
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and 2019 to 21,926 in 2021 (Table  2). The mean rate of 
IPF admissions in the January and February of reference 
year was 4.31% and 3.46%, respectively. No significant 
differences were observed in the admission rates dur-
ing January and February of 2020: the RRs of IPF admis-
sion were 1.10 (95% CI: 1.00–1.22; P = 0.051) and 1.05 
(0.94–1.17; P = 0.379), respectively. However, the rate of 
IPF admissions significantly decreased from March in 
2020 to December 2021, except for June and September 
in 2020.

In analysis 2, hospital admissions for patients diag-
nosed with IPF appeared a notable decrease compared 
to the predicted rates (Fig.  2B). The prevalence of IPF 
increased from 9,808 between 2017 and 2019 to 14,385 in 
2021 (Table 3). The rate of IPF admissions showed a simi-
lar trend compared to analysis 1: the rate of IPF admis-
sions significantly decreased from March 2020 to the end 
of the study period, except for June and September 2020.

Table 1  Baseline characteristics of the study participants
Variables Total IPF without

admission
IPF with
admission

P value

Sex (male), n (%) 34,609 (67.3) 22,186 (66.5) 12,423 (68.9) < 0.001
Age
  Median (Q1–Q3) 72.0 (64.0–79.0) 71.0 (62.0–78.0) 74.0 (66.0–80.0) < 0.001
  < 40 years 908 (1.8) 787 (2.4) 121 (0.7) < 0.001
  40–49 years 1,661 (3.2) 1,369 (4.1) 292 (1.6)
  50–59 years 5,371 (10.4) 4,082 (12.2) 1,289 (7.2)
  60–69 years 13,709 (26.7) 9,213 (27.6) 4,496 (24.9)
  ≥ 70 years 29,762 (57.9) 17,929 (53.7) 11,833 (65.6)
Conary artery disease 5,343 (10.4) 1,288 (3.9) 4,055 (22.5) < 0.001
Heart failure 6,687 (13.0) 1,102 (3.3) 5,585 (31.0) < 0.001
Cerebrovascular disease 2,324 (4.5) 371 (1.1) 1,953 (10.8) < 0.001
Hypertension 10,266 (20.0) 2,365 (7.1) 7,901 (43.8) < 0.001
Diabetes 11,197 (21.8) 2,668 (8.0) 8,529 (47.3) < 0.001
Chronic kidney disease 1,453 (2.8) 386 (1.2) 1,067 (5.9) < 0.001
Region of residence
  Urban 13,269 (25.8) 8,742 (26.2) 4,527 (25.1) 0.007
  Rural 38,142 (74.2) 24,638 (73.8) 13,504 (74.9)
Household income
  1st quintile 11,548 (22.5) 7,368 (22.1) 4,180 (23.2) < 0.001
  2nd quintile 5,717 (11.1) 3,853 (11.5) 1,864 (10.3)
  3rd quintile 7,323 (14.2) 4,742 (14.2) 2,581 (14.3)
  4th quintile 9,829 (19.1) 6,376 (19.1) 3,453 (19.2)
  5th quintile 16,994 (33.1) 11,041 (33.1) 5,953 (33.0)
Represented as n (%)

Fig. 2  The monthly hospital admission rates for IPF diagnoses are shown in analysis 1 (A) and analysis 2 (B). The solid purple lines represent the actual 
admission rates during the study period, the dotted orange lines represent the predicted admission rates, and the orange shaded areas indicate the 95% 
confidence intervals of the predicted rates
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Sensitivity analysis
In analysis 1, 9 patients (0.20%) in 2020 and 46 patients 
(0.94%) in 2021 were confirmed with COVID-19 before 
1year of hospitalization. When those with COVID-
19 were excluded, the results of the primary analysis 
remained unchanged in sensitivity analysis A (Fig.  3A). 
In sensitivity analysis B, RR was significantly decreased in 
2020 (0.93; 0.88–0.99; P = 0.029), whereas RR in 2021 was 
not different compared to 2017–2021 (0.95; 0.90–1.01; 
P = 0.134).

In analysis 2, 6 patients (0.20%) in 2020 and 21 patients 
(0.67%) 2021 were confirmed with COVID-19 before 
1year of hospitalization. Significantly lower RRs were 
identified in sensitivity analysis A, which were similar to 
those in the primary analysis. (Fig.  3B). The RRs of IPF 

admissions in sensitivity analysis B were significantly 
decreased to 0.85 (0.79–0.92; P < 0.001) in 2020 and 0.82 
(0.76–0.88; P < 0.001) in 2021.

Subgroup analysis
The rates of IPF admissions significantly decreased in 
2020 and 2021, regardless of sex (Fig.  4). In the base-
line characteristics, elderly patients were predominant: 
the proportions of the age groups < 60 years and ≥ 60 
years were 15.4% and 84.6%, respectively. The RRs of 
patients under 60 years old did not differ between the 
prepandemic (2017–2019) and the pandemic period 
(2020–2021). However, patients aged 60 years and older 
showed a significantly lower rate of admission for IPF in 
2020 and 2021. All household income groups exhibited 

Table 2  Comparative analysis of the rate of IPF admissions in analysis 1
Month Year Prevalence Number of admissions Admission rate (%) Rate ratio

(95% CI)
P value

Jan 2017–2019 17,681 762 4.31 reference
2020 20,048 948 4.73 1.10 (1.00–1.22) 0.051
2021 21,926 704 3.21 0.74 (0.66–0.82) < 0.001

Feb 2017–2019 17,681 608 3.46 reference
2020 20,048 723 3.61 1.05 (0.94–1.17) 0.379
2021 21,926 612 2.79 0.81 (0.72–0.90) < 0.001

Mar 2017–2019 17,681 687 3.90 reference
2020 20,048 692 3.45 0.88 (0.79–0.98) 0.025
2021 21,926 738 3.37 0.86 (0.78–0.96) 0.006

Apr 2017–2019 17,681 711 4.03 reference
2020 20,048 623 3.11 0.77 (0.69–0.85) < 0.001
2021 21,926 743 3.39 0.84 (0.75–0.93) < 0.001

May 2017–2019 17,681 725 4.10 reference
2020 20,048 680 3.39 0.82 (0.74–0.91) < 0.001
2021 21,926 741 3.38 0.82 (0.74–0.91) < 0.001

Jun 2017–2019 17,681 661 3.74 reference
2020 20,048 694 3.46 0.92 (0.83–1.03) 0.149
2021 21,926 713 3.25 0.87 (0.78–0.96) 0.009

July 2017–2019 17,681 713 4.03 reference
2020 20,048 712 3.55 0.88 (0.79–0.97) 0.014
2021 21,926 675 3.08 0.76 (0.68–0.84) < 0.001

Aug 2017–2019 17,681 681 3.84 reference
2020 20,048 593 2.96 0.76 (0.68–0.85) < 0.001
2021 21,926 674 3.07 0.79 (0.71–0.88) < 0.001

Sep 2017–2019 17,681 602 3.40 reference
2020 20,048 658 3.28 0.96 (0.86–1.08) 0.508
2021 21,926 660 3.01 0.88 (0.79–0.99) 0.026

Oct 2017–2019 17,681 653 3.69 reference
2020 20,048 625 3.12 0.84 (0.75–0.94) 0.002
2021 21,926 644 2.94 0.79 (0.71–0.88) < 0.001

Nov 2017–2019 17,681 665 3.76 reference
2020 20,048 655 3.27 0.86 (0.77–0.96) 0.009
2021 21,926 696 3.17 0.84 (0.75–0.93) 0.001

Dec 2017–2019 17,681 696 3.93 reference
2020 20,048 629 3.14 0.79 (0.71–0.88) < 0.001
2021 21,926 729 3.32 0.84 (0.76–0.93) 0.001
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Table 3  Comparative analysis of the rate of IPF admissions in analysis 2
Month Year Prevalence Number of admissions Admission rate (%) Rate ratio

(95% CI)
P value

Jan 2017–2019 9,808 448 4.58 reference
2020 12,732 601 4.72 1.04 (0.91–1.17) 0.588
2021 14,385 468 3.25 0.70 (0.62–0.80) < 0.001

Feb 2017–2019 9,808 343 3.52 reference
2020 12,732 457 3.59 1.03 (0.89–1.18) 0.710
2021 14,385 409 2.84 0.81 (0.70–0.93) 0.004

Mar 2017–2019 9,808 406 4.16 reference
2020 12,732 438 3.44 0.83 (0.72–0.95) 0.006
2021 14,385 487 3.39 0.81 (0.71–0.93) 0.002

Apr 2017–2019 9,808 433 4.42 reference
2020 12,732 416 3.27 0.73 (0.64–0.84) < 0.001
2021 14,385 461 3.20 0.72 (0.63–0.82) < 0.001

May 2017–2019 9,808 427 4.33 reference
2020 12,732 436 3.42 0.78 (0.68–0.89) < 0.001
2021 14,385 472 3.28 0.75 (0.65–0.85) < 0.001

Jun 2017–2019 9,808 398 4.04 reference
2020 12,732 464 3.64 0.89 (0.78–1.03) 0.109
2021 14,385 461 3.20 0.78 (0.68–0.90) < 0.001

July 2017–2019 9,808 437 4.44 reference
2020 12,732 469 3.68 0.82 (0.72–0.94) 0.003
2021 14,385 441 3.07 0.68 (0.59–0.78) < 0.001

Aug 2017–2019 9,808 413 4.21 reference
2020 12,732 380 2.98 0.70 (0.61–0.81) < 0.001
2021 14,385 438 3.04 0.71 (0.62–0.82) < 0.001

Sep 2017–2019 9,808 357 3.63 reference
2020 12,732 428 3.36 0.92 (0.80–1.06) 0.259
2021 14,385 417 2.90 0.79 (0.68–0.91) 0.001

Oct 2017–2019 9,808 394 4.01 reference
2020 12,732 397 3.12 0.77 (0.67–0.89) < 0.001
2021 14,385 421 2.93 0.72 (0.63–0.83) < 0.001

Nov 2017–2019 9,808 407 4.15 reference
2020 12,732 424 3.33 0.80 (0.69–0.91) 0.001
2021 14,385 449 3.12 0.74 (0.65–0.85) < 0.001

Dec 2017–2019 9,808 422 4.29 reference
2020 12,732 426 3.35 0.77 (0.67–0.88) < 0.001
2021 14,385 473 3.29 0.76 (0.66–0.86) < 0.001

Fig. 3  Rate ratio of IPF admissions in different outcome settings of patients in analysis 1 (A) and analysis 2 (B)
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Fig. 4  Rate ratio of IPF admissions in subgroup analysis of patients in analysis 2: sex, age groups, and household income
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significantly lower rates of IPF admissions in 2020 and 
2021 compared to 2017–2019.

Discussion
The rate of IPF admissions significantly decreased during 
the COVID-19 pandemic compared to the prepandemic 
era. We obtained consistent results for different defini-
tions of patients with IPF, various study periods, and 
admission criteria in the sensitivity analyses. Subgroup 
analysis also indicated the robustness of study results. To 
the best of our knowledge, this population-based study is 
the first to examine the trends in IPF admissions during 
the COVID-19 pandemic.

Findings from previous studies suggest that acute exac-
erbation of chronic airway disease triggered by respira-
tory viral infection may be preventable. This conclusion is 
supported by research comparing the incidence of exac-
erbations between the COVID-19 pandemic and prepan-
demic periods. One cohort study reported a 54% decrease 
in the mean number of exacerbations of COPD and a 
45% decrease in the number of patients experiencing 
exacerbations of COPD [19]. Another multicenter study 
reported a 50% decrease in the number of admissions for 
respiratory viral infection-associated acute exacerbation 
of COPD during the COVID-19 pandemic compared 
with the preceding 2-year prepandemic period [20]. A 
previous meta-analysis reported that an RR of admis-
sion of 0.50 (95% CI: 0.44–0.57) for COPD during the 
COVID-19 pandemic compared with the prepandemic 
period [21]. Additionally, the positivity rate of respiratory 
specimens for influenza sharply dropped from approxi-
mately 20% during the prepandemic period to 2% during 
the COVID-19 pandemic [22]. Therefore, we hypothesize 
that preventive measures against COVID-19 may be also 
effective in mitigating IPF exacerbation.

During the COVID-19 pandemic, several factors may 
have contributed to the decreased hospitalization rates 
among patients with IPF. Notably, implementation of 
social distancing measures, the avoidance of hospitals, 
and reduced air pollution levels stand out as prominent 
among these factors [2]. Implementing social distanc-
ing measures during the pandemic played a critical role 
in reducing the spread of infectious diseases, including 
respiratory infections that can exacerbate IPF. Studies 
have shown that these public health interventions led to 
a significant decline in the incidence of respiratory infec-
tions [23]. The widespread fear of contracting COVID-19 
influenced the behavior of individuals with critical con-
ditions such as IPF. Patients were likely to avoid elective 
procedures to minimize their risk of exposure to the 
virus. The pandemic-related reductions in air pollution 
levels might have positively impacted respiratory health, 
particularly for those with chronic lung diseases like IPF 
[24]. During the pandemic, many regions experienced 

decreased industrial activity and vehicular traffic, leading 
to lower levels of air pollutants such as nitrogen dioxide 
and particulate matter [25]. Research indicates that lower 
air pollution levels were associated with fewer respiratory 
problems and hospitalizations during this period [26]. 
For IPF patients, cleaner air likely translated into better 
overall respiratory health and reduced hospital admis-
sions [27].

The relationship between IPF and viral infections has 
been examined in two recent meta-analyses. Sheng et 
al. reported that chronic viral infections such as Epstein-
Barr virus, cytomegalovirus, human herpesvirus 7, and 
human herpesvirus 8 were associated with an elevated 
risk of developing IPF (odds ratio [OR]: 3.48; 95% CI: 
1.61–7.52) [28]. Mostafaei et al. conducted a meta-anal-
ysis reporting viral infection prevalence of 53.7% (95% 
CI 38.1–69.1%) in IPF [29]. These meta-analyses indicate 
that viral infection might be involved in the pathogen-
esis of IPF. However, establishing a causal relationship 
between viral infection and IPF requires validation with 
robust clinical evidence, as many confounding factors 
were not adjusted in the statistical methods of meta-
analysis [30]. Meanwhile, viral infection was not associ-
ated with the exacerbation of IPF in a meta-analysis (OR: 
0.99; 95% CI: 0.47–2.12) [28]. Although our study did 
not assess viral infection with objective measurements, 
the results indicated that viral infection could act as a 
triggering factor for the exacerbation of IPF, which is an 
inconsistent finding with meta-analysis. Further, stud-
ies are required to investigate the potential role of viral 
infections in the pathogenesis and exacerbation of IPF.

COVID-19 is associated with pulmonary fibrosis. 
Numerous studies have reported that a substantial pro-
portion of patients infected with SARS-CoV-2 develop 
pulmonary fibrosis [31]. Nearly 15% of hospitalized 
patients with COVID-19 exhibited features of acute 
respiratory distress syndrome, which predisposes indi-
viduals to pulmonary fibrosis [32]. The common risk 
factors shared between severe COVID-19 and IPF, such 
as smoking, older age, genetic predisposition, male sex, 
and comorbidities, suggest an increased susceptibil-
ity to severe COVID-19 among patients with IPF [33]. 
Although it remains unclear whether patients with IPF 
are more susceptible to COVID-19 compared with those 
without IPF, relevant studies indicate that key molecules 
mediating SARS-CoV-2 cell entry, namely, angiotensin-
converting enzyme 2 and TMPRSS2, were significantly 
upregulated in the fibroblasts of patients with IPF, poten-
tially contributing to their increased susceptibility to 
COVID-19 [32]. In sensitivity analysis A of our study, 
we tried to assess the role of COVID-19 in the admis-
sion rate of IPF. However, only 55 patients with IPF were 
confirmed to have COVID-19, which did not significantly 
affect the IPF admission rate during the COVID-19 
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pandemic. Further clinical studies are warranted to 
determine the impact of COVID-19 on the prognosis of 
patients with IPF.

Our results identified a further increased prevalence 
of IPF during the COVID-19 pandemic. The global inci-
dence and prevalence of IPF have been increasing since 
before the COVID-19 pandemic [34]. According to pre-
vious studies, the global prevalence rates of IPF range 
between 0.33 and 2.51 (per 10,000 individuals) in Europe 
and 2.40 and 2.98 in North America [35]. In Korea, the 
prevalence of IPF is high at 4.51, surpassing the criteria 
for a rare disease. A previous study investigated the inci-
dence of IPF over time in Korea [36]. IPF was identified 
based on the ICD-10 and RID codes in the NHIS data-
base, consistent with the definition of IPF in our study. 
The incidence of IPF increased from 3.56 in 2011 to 7.91 
in 2019 per 100,000 individuals. Enhanced diagnostic 
technologies, increased awareness about IPF, and the 
availability of effective treatments such as pirfenidone 
and nintedanib may contribute to the rising diagno-
sis rate of this condition [35]. Therefore, this increasing 
trend of IPF prevalence may persist and contribute to the 
decreasing rate of IPF admissions during the COVID-19 
pandemic. 

The strength of our study lies in the robustness of the 
results. We assessed the trend of IPF admissions during 
the COVID-19 pandemic compared with the COVID-
19 prepandemic period using different definitions of IPF, 
outcomes, and study periods. Most studies investigating 
the trends in certain diseases during the COVID-19 pan-
demic have limited their study period to the first half of 
2020 [21, 37]. However, we extended the study period to 
include the second half of 2020 and 2021.

This study has several limitations. First, IPF was 
defined based solely on the diagnostic codes. Although 
ICD-10 and RID codes were used, well-established, and 
validated for diagnostic accuracy, the definition of IPF 
based solely on diagnostic codes has not yet been for-
mally verified. Therefore, the IPF may have been over-
estimated or underestimated in this study. Second, the 
nature of hospital admission could not be distinguished. 
Patients admitted for IPF had diverse comorbidities with 
a higher prevalence compared with those who were not 
admitted, as represented in the baseline characteristics. 
Thus, we were unable to ascertain whether admission 
was directly related to the treatment of IPF or the associ-
ated comorbidities.

Conclusions
The rate of IPF admissions significantly decreased during 
the COVID-19 pandemic. This result indicates that pre-
ventive measures against COVID-19 may effectively miti-
gate IPF exacerbation. Thereforfe, it is assumed that there 
is a close relationship between respiratory viral infections 

and IPF exacerbations. Further studies are warranted to 
investigate the factors triggering IPF exacerbation and to 
elucidate the role of viral infection and COVID-19 in the 
development and exacerbation of IPF.
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