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Sara Cajander d, Huiqi Li e, Fredrik Nyberg e, Magnus Ekström f 

a Department of Respiratory Medicine, Faculty of Medicine and Health, Örebro University, Örebro, Sweden 
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A B S T R A C T   

Background: We aimed to evaluate cumulative occurrence and impact of COVID-19 in patients with chronic 
respiratory failure (CRF) treated with long-term oxygen therapy (LTOT). 
Material and methods: Data were obtained from the SCIFI-PEARL study on the entire Swedish population and on 
patients with oxygen-dependent CRF and no COVID-19 diagnosis before start of LTOT. Analyses were performed 
for three time periods; pre-alpha (Jan–Dec 2020), alpha (Jan–Mar 2021) and delta/omicron (Apr 2021–May 
2022). Cumulative incidence of laboratory-verified COVID-19 was compared between patients with CRF and the 
general population. Risk factors for severe (hospitalised) to critical (intensive care, or death ≤30 days after 
infection) COVID-19, and the impact of COVID-19 on one-year mortality, were analysed using multivariable Cox 
regression. 
Results: Cumulative incidence of COVID-19 was higher in patients with CRF than in the general population during 
the pre-alpha period (6.4%/4.9%, p = 0.002), but less common during the alpha and delta/omicron periods 
(2.9%/3.8% and 7.8%/15.5%, p < 0.0001 for both). The risk of severe/critical COVID-19 was much higher in 
CRF patients during all periods (4.9%/0.5%, 3.8%/0.2% and 15.5%/0.5%, p < 0.0001 for all). Risk factors for 
COVID-19 infection in people with CRF were higher age, cardiovascular and renal disease, and COVID-19 was 
associated with increased one-year mortality following infection in the pre-alpha (HR 1.79; [95% CI] 1.27–2.53) 
and alpha periods (1.43; 1.03–1.99). 
Conclusion: Patients with CRF had higher risk of severe/critical COVID-19 than the general population. COVID-19 
infection was associated with excess one-year mortality.   

1. Background 

Since the start of the Coronavirus Disease 2019 (COVID-19) 
pandemic, over 758 million people have been confirmed diagnosed with 
Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) 
worldwide [1]. By the end of February 2023, 2,698,535 cases of 
COVID-19 confirmed by PCR test had been reported by the Swedish 
Public Health Authority [2]. 

Several studies have reported that chronic respiratory diseases, in 

particular chronic obstructive pulmonary disease (COPD) and idiopathic 
pulmonary fibrosis (IPF), are important risk factors for increased risk of 
hospitalisation and mortality in COVID-19 [3–6]. However, the evi
dence on patients with chronic respiratory diseases at risk for SARS 
CoV-2 infection is still contradictory [7,8]. 

A specific group of vulnerable patients with chronic respiratory 
disease are those with chronic respiratory failure (CRF) treated with 
long-term oxygen therapy (LTOT). We have previously reported that the 
risk of developing oxygen-dependent CRF after COVID-19 in a national 
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cohort study was very low, but increased in patients with chronic res
piratory diseases with no previous LTOT [9]. However, no study has 
explored the risk of incident COVID-19 in patients with ongoing LTOT, 
or if COVID-19 is associated with poor outcomes in LTOT patients. The 
Swedish National Registry of Respiratory Failure (Swedevox) includes 
about 85% of all patients starting LTOT in Sweden with high validity 
against medical records, offering a unique opportunity to address this 
research question in patients with CRF in need of oxygen supply [10,11]. 
As patients with CRF have a poor prognosis and consume large 
health-economic resources, it is of clinical interest for appropriate pa
tient management to investigate if the risk of COVID-19 is increased 
compared with the general population and whether a COVID-19 infec
tion in this patient group is associated with excess mortality. 

The primary aim of this study was to investigate the risk of being 
diagnosed with COVID-19 infection in patients with oxygen-dependent 
CRF compared with the general population during different periods of 
the pandemic. Secondary aims included identification of risk factors for 
severe or critical COVID-19, and the impact of COVID-19 on one year- 
mortality in patients with oxygen-dependent CRF stratified for the 
different periods of the pandemic. 

2. Methods 

2.1. Study design, population and time periods 

This was a population-based analysis of the nationwide Swedish 
Covid-19 Investigation for Future Insights - A Population Epidemiology 
Approach Using Register Linkage (SCIFI-PEARL) study, described in 
detail elsewhere [12], which includes demographic, health-related and 
other linked register data from all individuals in the Swedish population, 
including people with identified COVID-19. 

The current study included CRF patients aged 18 years or older with 
ongoing LTOT, without any COVID-19 diagnosis before the start of 
LTOT. LTOT in Sweden is prescribed according to the BTS criteria [13] 
to non-smoking patients with a partial pressure of arterial oxygen (PO2) 
of <7.4 kPa (corresponding to 55 mmHg) breathing air, or PO2 7.4− 8.0 
kPa (56–59 mmHg) with concomitant signs of right-sided heart failure, 
pulmonary hypertension, or secondary polycythemia, if the hypoxemia 
is persisting despite optimal therapy for the underlying disease. These 
criteria did not change during the pandemic. 

A COVID-19 infection was defined as a first infection of laboratory- 
confirmed SARS-CoV-2 and thus the first case of each individual was 
included. The total study period from January 1, 2020 until May 31, 
2022 was divided into several sub-periods based on dominant virus 
variants of concern: A) The “pre-alpha period” (January 1, 2020 to 
December 31, 2020) including the first wave and establishment of 

standard treatment, B) the “alpha period” (January 1, 2021 until March 
31, 2021) with alpha variant dominance and introduction of mass 
vaccination in medical risk groups, and C) the “delta/omicron period” 
(April 1, 2021 until study end in May 31, 2022) which included the delta 
variant dominance and the first six months of the omicron variant 
dominance together with fully established mass vaccination in the 
country. For mortality analyses, one-year mortality risk was assessed 
after infections occurring during the pre-alpha period (one year from 
January 1, 2020), and after the alpha period (one year from April 1, 
2021), for adequate follow-up time. For schematic overview, see Fig. 1. 

For comparison, the incidence analysis of COVID-19 was repeated in 
general population, defined as the total Swedish population aged 18 
years and above in January 1, 2020. 

2.2. Variables 

Data on COVID-19 morbidity and mortality were obtained from 
SmiNet, the mandatory national database of notifiable infectious dis
eases (positive tests), the Swedish National Patient Registry (comorbid 
conditions based on specialist care and COVID-19 hospitalisations), 
Swedish Intensive Care Register (ICU admissions) and the Swedish Na
tional Cause of Death Registry (mortality data) [2,12,14,15]. 

Severity of laboratory-confirmed COVID-19 disease was defined as 
mild (no hospitalisation), severe (hospitalised at common ward outside 
the intensive care unit (ICU)), and critical (admitted to ICU or fatal 
within one month of laboratory confirmation). A hospitalisation was 
defined as a test-positive hospitalisation, i.e. a COVID-19 case registered 
in the Patient Register as a hospitalisation with primary or secondary 
diagnosis coded with International Classification of Disease (ICD)-10 
code U07.1 or U07.2, restricted to those who were test positive at an 
earlier date ≤45 days prior to hospitalisation or within 15 days of hos
pitalisation. The interval was chosen to include both accelerating 
symptoms causing hospitalisation in a later phase of an COVID-19- 
infection (soon after a positive test), and hospitalisations due to symp
toms where COVID-19 was tested during the period of hospital care. 
Fatal COVID-19 was defined as death due to any cause within 30 days 
after laboratory-confirmed COVID-19. The general criteria for hospi
talisation in Sweden were not changed during the pandemic. 

Data on LTOT were obtained from Swedevox [10,11]. At start of 
LTOT, underlying primary cause for oxygen-dependent respiratory 
failure is registered. The causes were categorised as airway diseases 
(including COPD and emphysema without obstructive lung function 
impairment), parenchymal diseases (including idiopathic pulmonary 
fibrosis), cardiovascular diseases (including heart failure and pulmonary 
embolism), and other diseases (including unclear lung diseases and 
conditions with hypoventilation). 

Fig. 1. Flow chart for study periods, study questions and study populations. Abbreviations: COVID-19 = corona virus disease 2019, LTOT = long term oxygen therapy.  
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Data on sex, age and educational level were derived from the Sta
tistics Sweden LISA (Swedish Longitudinal Integrated Database for 
Health Insurance and Labour Market Studies) database [16]. Age was 
categorised as ≤ 70, 71–75, 76–80 and ≥ 81 years. Level of education 
was categorised as completing primary, secondary (generally 2–3 years 
of voluntary education beyond compulsory school), and tertiary edu
cation (university level studies). 

Data on comorbidity risk groups according to the National Board of 
Health and Welfare [17] were obtained from the Swedish Patient Reg
ister based on specialist inpatient or outpatient care during 2015–2019 
[17] and included chronic cardiovascular, lung, and renal disease, type 
2 diabetes with complications, obesity, and hypertension. Chronic lung 
diseases included COPD (85%), interstitial lung disease, cystic fibrosis, 
or chronic respiratory failure from other causes. 

2.3. Statistical analyses 

Baseline characteristics of CRF patients at the start of each time 
period of dominating viral variant (pre-alpha, alpha, and delta/omi
cron) were compared between those with and without a laboratory- 
confirmed COVID-19 infection during respective period, using cross- 
tabulation. 

Distribution of disease severity, cumulative incidence and rates of 
any COVID-19 infection and severe/critical COVID-19 infection were 
calculated separately for all three time periods. Cumulative incidence 
was defined as proportion of number of cases during each period in 
relation to all patients with ongoing LTOT but with no previous COVID- 
19 infection at the start of respective period. Rates were calculated as 
number of cases per 1000 person years in the investigated period. Cor
responding analyses of disease severity, cumulative incidence and rates 
were also performed in the general population, with all adult people 
alive and with no previous COVID-19 infection at the start of each 
period, and compared with the CRF populations using cross-tabulation 
and Chi-2 test. 

In patients with oxygen-dependent CRF, Cox regression with sex, 
age, level of education and comorbid conditions as independent vari
ables was used to analyse time to COVID-19 and, respectively, to severe/ 
critical COVID-19 within the three time periods, with censoring at death 
or last day in each period. Hazard ratios (HR) with 95% confidence in
tervals (CI) were estimated. 

The association of a first COVID-19 infection in the previous period 
with one-year mortality was analysed separately in all patients with 
ongoing LTOT on January 1, 2021 (after the pre-alpha period), and April 
1, 2021 (after the alpha period), respectively. Cox regression with a first 
COVID-19 infection as independent variable and with adjustment for 
sex, age, level of education and comorbid conditions was used to analyse 
time to death within one year, with censoring at the first event of inci
dent first laboratory-confirmed COVID-19 infection, death or at last day 
in each period. 

Analyses were performed using IBM SPSS version 26 (IBM Corpo
ration, Armonk, NY, USA), and statistical significance was defined as a 
two-sided p < 0.05. 

2.4. Ethical considerations 

The SCIFI-PEARL study was approved by the Swedish Ethical Review 
Authority (2020–01800 and subsequent amendments), which waived 
individual informed consent due to the use of national registry data. 

3. Results 

3.1. Patient characteristics 

The total number of patients with ongoing LTOT and no previous 
COVID-19 was 1771 at the start of the pre-alpha period (January 1, 
2020); 1649 at the start of the alpha period (January 1, 2021); and 1610 

at the start of the delta/omicron period (April 1, 2021). Overall, a mi
nority of all patients were men (pre-alpha period 35.9%, alpha period 
36.6% and delta/omicron period 36.1%) and mean age (SD) was 76.1 
(9.3), 75.1 (9.3) and 74.9 (9.32) years in the corresponding periods. The 
most common underlying cause of LTOT was airway disease (Table 1). 

3.2. Cumulative incidence and rates of COVID-19 in patients with 
oxygen-dependent CRF 

The cumulative incidence of COVID-19 was highest during the longer 
pre-alpha and delta/omicron periods (Fig. 2, Table 2). In both oxygen- 
dependent CRF and the general population, the cumulative incidence 
of critical COVID-19 infections was highest during the pre-alpha period 
and the cumulative incidence of any COVID-19 infection as well as the 
proportions of mild disease were highest during the delta/omicron pe
riods (Fig. 2, Table 2). During the shorter alpha period, the cumulative 
incidence of new infection was lowest but the incidence rate of in
fections was highest (Fig. 2, Table 2). 

In comparison with the general adult population, severe/critical 
disease was much more common among patients with oxygen- 
dependent CRF during all periods (all p < 0.0001). The occurrence of 
any new COVID infection was more similar to the background popula
tion, but slightly more common among patients with oxygen-dependent 
CRF during the pre-alpha period (p = 0.002), and less common in the 
alpha and delta/omicron periods (p for both <0.0001). 

3.3. Risk factors for COVID-19 and for severe or critical disease in 
oxygen-dependent CRF 

Higher age, cardiovascular disease and renal disease were identified 
as risk factors for contracting any COVID-19 infection and for devel
oping a severe/critical disease, and in addition, hypertension was a risk 
factor for severe/critical disease. During the pre-alpha period, age above 
80 years and cardiovascular disease were statistically significantly 
associated with COVID-19 infection, and age above 80 with the pro
gression to severe/critical COVID-19. During the alpha period, cardio
vascular disease was significantly associated with being infected as well 
as developing a severe/critical disease. During the delta/omicron pe
riods, renal disease was significantly associated with having COVID-19 
as well as developing a severe/critical COVID-19. Patients with age 
76–80 years and with hypertension were found to be significantly 
associated with developing severe or critical disease during the delta/ 
omicron variant period (Table 3). 

3.4. Impact of COVID-19 on mortality in oxygen-dependent chronic 
respiratory failure 

After the end of the pre-alpha period and after the end of the alpha 
period, the one-year mortality risk after laboratory-confirmed COVID-19 
among patients with oxygen-dependent CRF was significantly higher 
than among patients with oxygen-dependent CRF and no COVID-19 
infection (HR 1.79; [95% CI] 1.27 to 2.53 and 1.43; 1.03–1.99), 
respectively (Table 4). In addition, male sex, higher age and cardio
vascular disease were independent risk factors for mortality in both 
periods. Renal disease was a risk factor for mortality only in the pre- 
alpha period (Table 4). 

4. Discussion 

The primary findings of this study are: A) The cumulative incidence 
of laboratory-confirmed COVID-19 infection in patients with oxygen- 
dependent CRF was higher than in the general population only during 
the first nine months of the pandemic (the pre-alpha period). B) If 
infected by SARS-COV-2, severe/critical disease was almost ten times 
higher in patients with oxygen-dependent CRF than in the general 
population during the entire pandemic. C) Among patients with oxygen- 
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dependent CRF; age, cardiovascular disease and renal disease were 
identified as risk factors for laboratory-confirmed COVID-19, and 
COVID-19 infection was associated with increased one-year mortality 
risk. 

The finding that severe/critical COVID-19 was more common in 
patients with respiratory failure than in the general population is not 
surprising, as chronic respiratory disease is a well-known risk factor for 
both hospitalisation and mortality in COVID-19 [18]. The fact that even 
the overall ocurrence of any COVID-19 infection in CRF was slightly 
elevated in the pre-alpha period may be in line with the general obser
vation that the Swedish health care system was not able to protect the 

elderly and frail as well as intended from infection during this first 
period [19]. Access to protective equipement like masks and new 
working routines in elderly care together with the start of the vaccina
tion program reduced the infection rate in this population subgroup 
significantly [19]. 

The subsequent lower incidence of any COVID-19 infection in pa
tients with CRF compared with the population during the alpha and 
delta/omicron variant periods could also be explained by a strict 
behavior with isolation and avoiding contagious contact among patients 
with CRF during these phases of the pandemic, out of fear for the con
sequences noted during the pre-alpha period. The increasing number of 

Table 1 
Baseline characteristics for Swedish patients with oxygen-dependent CRF, by pandemic period and laboratory-confirmed COVID-19 or not during the period.   

Pre-alpha period Alpha period Delta/omicron period 

Jan 1-Dec 31, 2020 (N at risk = 1771) Jan 1-Mar 31, 2021 (N at risk = 1649) Apr 1, 2021–May 31, 2022 (N at risk = 1610) 

Patient characteristics 
(n (%)) 

No COVID-19 during 
period (n = 1657) 

COVID-19 during 
period (n = 114) 

No COVID-19 during 
period (n = 1601) 

COVID-19 during 
period (n = 48) 

No COVID-19 during 
period (n = 1484) 

COVID-19 during 
period (n = 126) 

Male sex 602 (36.3%) 34 (29.8%) 585 (36.5%) 18 (37.5%) 535 (36.1%) 47 (37.3%) 
Age 

18–70 344 (20.8%) 20 (17.5%) 369 (23.0%) 8 (16.7%) 346 (23.3%) 36 (28.6%) 
71–75 368 (22.2%) 14 (12.3%) 373 (23.3%) 13 (27.1%) 352 (23.7%) 26 (20.6%) 
76–80 445 (26.9%) 23 (20.2%) 447 (27.9%) 11 (22.9%) 426 (28.7%) 29 (23.0%) 
≤81 500 (30.1%) 57 (50.0%) 412 (25.7%) 16 (33.3%) 360 (28.4%) 35 (27.8%) 

Level of education* 
Primary 706 (43.3%) 63 (56.3%) 668 (42.3%) 20 (43.5%) 624 (42.7%) 50 (40.7%) 
Secondary 707 (43.4%) 37 (33.0%) 686 (43.4%) 21 (45.7%) 635 (43.4%) 53 (43.1%) 
Tertiary 217 (13.3%) 12 (10.7%) 225 (14.2%) 5 (10.9%) 203 (13.9%) 20 (16.3%) 

Main cause of CRF** 
Airway disease 1155 (69.8%) 91 (79.8%) 1141 (71.5%) 32 (66.7%) 1052 (71.1%) 88 (70.4%) 
Parenchymal disease 214 (12.9%) 8 (7.0%) 210 (13.2%) 8 (16.7%) 195 (13.2%) 15 (12.0%) 
Cardiovascular 
disease 

173 (10.5%) 11 (9.6%) 143 (9.0%) 5 (10.4%) 141 (9.5%) 9 (7.2%) 

Other 112 (6.8%) 4 (3.5%) 102 (6.4%) 3 (6.3%) 91 (6.2%) 13 (10.4%) 
Comorbidity 

Respiratory disease 1565 (94.4%) 109 (95.6%) 1383 (86.4%) 46 (95.8%) 1261 (85.0%) 116 (92.1%) 
Hypertension 1002 (60.5%) 76 (66.7%) 900 (56.2%) 29 (60.4%) 806 (54.3%) 82 (65.1%) 
Cardiovascular 
disease 

755 (45.6%) 65 (57%) 566 (35.4%) 30 (62.5%) 499 (33.6%) 58 (46.0%) 

Obesity 143 (8.6%) 9 (7.9%) 135 (8.4%) 7 (14.6%) 120 (8.1%) 19 (15.1%) 
Diabetes 73 (4.4%) 7 (6.1%) 56 (3.5%) 4 (8.3%) 51 (3.4%) 7 (5.6%) 
Renal disease 48 (2.9%) 4 (3.5%) 37 (2.3%) 2 (4.2%) 21 (1.4%) 10 (7.9%) 

Diabetes denotes diabetes type 2 with complications. Abbreviations: COVID-19 = corona virus disease 2019, CRF = chronic respiratory failure, LTOT = long-term 
oxygen therapy. *Missing data for level of education: n = 29, 24 and 25 in respective period. **Missing data for underlying main cause of CRF: n = 3, 5 and 6 in 
respective period. 

Fig. 2. Distribution of cumulative incidence of mild (no hospitalisation), severe (hospitalised at common ward), and critical (admitted to intensive care unit (ICU) or 
fatal within one month of laboratory confirmation) in oxygen-dependent CRF and general population, during different periods of the pandemic. Abbreviations: COVID- 
19 = corona virus disease 2019, CRF = chronic respiratory failure. 
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mild infections both in patients with CRF and in the general population 
during the delta/omicron period should be explained by increased im
munity by mass-vaccination and previous infection, changed recom
mendations for SARS-CoV 2 PCR-samplings in the general population, 
and early antiviral treatments. However, as the Swedish population had 
free access to COVID-test for both symptomatic and asymptomatic 
testing during most of the investigated time periods, we do not believe 
that changes in testing policy should have influenced the comparative 

analyses of COVID-19 incidences in patients with LTOT and the general 
population. 

Our findings that higher age, cardiovascular disease and chronic 
renal disease were the major risk factors for COVID-19 are in agreement 
with previous studies reporting age and several comorbid conditions 
including respiratory disease to be associated with severity of disease in 
COVID-19 in the general population [18]. That comorbid chronic 

Table 2 
Cumulative incidence and rates of any and severe/critical laboratory-confirmed 
COVID-19 infection during the three periods studied, for patients with oxygen- 
dependent CRF and in the general adult population.   

Any COVID-19 infection Severe/critical COVID-19 
infection 

Oxygen- 
dependent 
CRF 

General 
population 

Oxygen- 
dependent 
CRF 

General 
population 

Pre-alpha period 
Cumulative 

incidence 
(cases/people 
at risk) 

6.4% 4.9% 5.1% 0.5% 

Rate (cases/1000 
person-years) 

64.2 48.6 51.2 4.5 

Alpha period 
Cumulative 

incidence 
(cases/people 
at risk) 

2.9% 3.8% 2.3% 0.2% 

Rate (cases/1000 
person-years) 

118.1 152.1 93.5 8.1 

Delta/omicron period 
Cumulative 

incidence 
(cases/people 
at risk) 

7.8% 15.5% 4.8% 0.5% 

Rate (cases/1000 
person-years) 

67.1 133.1 41.0 3.9 

Numbers at risk in oxygen-dependent CRF: Pre-alpha period n = 1771, alpha 
period = 1649, delta/omicron period n = 1610. Numbers at risk in the general 
population: Pre-alpha period n = 8 457,722, alpha period = 7 958,923, delta/ 
omicron period n = 7 640,518. Abbreviations: COVID-19 = corona virus disease 
2019, CRF = chronic respiratory failure. 

Table 3 
Risk factors for any and severe/critical laboratory-confirmed COVID-19 infection in patients with oxygen-dependent CRF during different studied periods of the 
pandemic.   

Any COVID-19 Severe/critical COVID-19 

Patient characteristics Pre-alpha Alpha Delta/omicron Pre-alpha Alpha Delta/omicron 

HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Male sex 0.85 (0.57–1.28) 1.19 (0.65–2.17) 1.13 (0.78–1.65) 0.97 (0.62–1.50) 1.48 (0.76–2.88) 1.17 (0.73–1.88) 
Age groups 
18–70 Ref Ref Ref Ref Ref Ref 
71–75 0.66 (0.33–1.31) 1.93 (0.75–4.95) 0.83 (0.49–1.41) 0.81 (0.36–1.81) 1.65 (0.60–4.55) 0.94 (0.52–1.72) 
76–80 0.85 (0.46–1.57) 1.33 (0.50–3.53) 0.69 (0.41–1.16) 1.18 (0.56–2.41) 1.13 (0.39–3.24) 0.36 (0.17–0.74) 
≥81 1.95 (1.14–3.32) 2.00 (0.77–5.14) 1.31 (0.79–2.16) 2.54 (1.34–4.81) 1.37 (0.48–3.92) 1.00 (0.53–1.86) 
Education 
Primary 1.49 (0.80–2.77) 1.21 (0.45–3.23) 0.89 (0.53–1.50) 1.80 (0.85–3.81) 2.11 (0.48–9.31) 1.07 (0.54–2.15) 
Secondary 1.05 (0.55–2.02) 1.38 (0.52–3.66) 0.92 (0.55–1.55) 1.39 (0.64–3.04) 3.10 (0.72–13.3) 1.13 (0.57–2.25) 
Tertiary Ref Ref Ref Ref Ref Ref 
Comorbidity 
Respiratory disease 1.38 (0.56–3.40) 2.85 (0.69–11.9) 1.76 (0.91–3.38) 1.42 (0.52–3.81) 4.51 (0.61–33.2) 1.60 (0.73–3.52) 
Hypertension 1.14 (0.76–1.72) 0.86 (0.46–1.62) 1.47 (0.99–2.19) 1.17 (0.74–1.85) 0.88 (0.44–1.78) 2.14 (1.26–3.62) 
Cardiovascular disease 1.54 (1.04–2.27) 2.98 (1.57–5.63) 1.39 (0.95–2.03) 1.62 (1.05–2.51) 3.10 (1.52–6.32) 1.21 (0.75–1.96) 
Obesity 0.82 (0.40–1.66) 1.57 (0.67–3.69) 1.39 (0.82–2.37) 0.93 (0.44–1.97) 0.48 (0.11–2.05) 1.51 (0.80–2.85) 
Diabetes 1.25 (0.52–2.97) 1.54 (0.53–4.48) 1.25 (0.56–2.76) 1.38 (0.57–3.32) 1.72 (0.51–5.85) 1.37 (0.53–3.51) 
Renal disease 1.10 (0.39–3.10) 1.68 (0.40–7.15) 4.72 (2.39–9.32) 1.32 (0.46–3.75) 1.24 (0.17–9.37) 4.82 (2.12–11.0) 

Diabetes denotes diabetes type 2 with complications. Abbreviations: CI = confidence interval, COVID-19 = corona virus disease 2019, CRF = chronic respiratory 
failure, HR = hazard ratio. *Missing data for level of education: n = 29, 24 and 25 in respective period. **Missing data for underlying main cause of CRF: n = 3, 5 and 6 
in respective period. 

Table 4 
Association of laboratory-confirmed COVID-19 infection with one-year mortal
ity in oxygen-dependent CRF.  

Patient characteristics One-year mortality after 
pre-alpha period 

One-year mortality after 
alpha-variant period 

Deceased during Jan 01, 
2021 to Dec 31, 2021: n =
501 

Deceased during Apr 01, 
2021 to March 31, 2022: n 
= 533 

Patients at risk; n = 1731 Patients at risk: n = 1703 

HR (95%CI) HR (95%CI) 

Laboratory- 
confirmed COVID- 
19 

1.79 (1.27–2.53) 1.43 (1.03–1.99) 

Male sex 1.31 (1.10–1.57) 1.28 (1.08–1.53) 
Age groups 

18–70 Ref Ref 
71–75 1.34 (0.99–1.81) 1.36 (1.03–1.79) 
76–80 1.48 (1.11–1.97) 1.27 (0.97–1.67) 
≥81 2.26 (1.72–2.99) 2.20 (1.69–2.86) 

Education 
Primary 1.06 (0.81–1.40) 1.25 (0.95–1.66) 
Secondary 1.09 (0.82–1.43) 1.27 (0.96–1.69) 
Tertiary Ref Ref 

Comorbidity 
Respiratory disease 0.85 (0.66–1.10) 0.89 (0.70–1.13) 
Hypertension 1.23 (1.01–1.49) 1.13 (0.94–1.36) 
Cardiovascular 
disease 

1.26 (1.04–1.52) 1.31 (1.09–1.57) 

Obesity 0.76 (0.54–1.08) 0.78 (0.56–1.09) 
Diabetes 1.10 (0.72–1.67) 1.15 (0.76–1.74) 
Renal disease 2.35 (1.53–3.61) 1.66 (1.00–2.77) 

Diabetes denotes diabetes type 2 with complications. Abbreviations: CI = con
fidence interval, COVID-19 = corona virus disease 2019, CRF = chronic respi
ratory failure, HR = hazard ratio. 
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respiratory disease per se was not significantly associated with higher 
risk could be explained by the fact that almost all patients in our study 
population had respiratory disease, giving severely reduced statistical 
power. Only a minority of patients had chronic respiratory insufficiency 
based mainly on underlying cardiovascular disease and no comorbid 
lung disease. 

The finding of increased one-year mortality risk after a COVID-19 
infection in patients with oxygen-dependent CRF, is consistent with 
other studies reporting excess mortality in patients with COVID-19 both 
in the general population as well as in susceptible disease groups such as 
patients with cancer and mental disorders [20–22]. The risk was 
moderately increased, which may be due to the fact that mortality 
overall is very high in patients with oxygen-dependent CRF. We found 
no studies from other countries exploring the mortality risk after 
COVID-19 in patients with pre-existing CRF. Assessment of the mortality 
risk after COVID-19 in the general population is complex, but the re
ported excess mortality risk in Sweden was higher than in many other 
countries during the first wave [23–25] and more consistent with other 
European countries seen over the entire pandemic period [26–28]. 

Finally, our findings that male sex, higher age, cardiovascular dis
ease and renal disease were independently associated with mortality in 
patients with LTOT, are consistent with other studies of both respiratory 
failure and of all patients with COVID-19 [10,29]. 

4.1. Strengths and limitations 

Major strengths of our study are that the data include all laboratory- 
confirmed COVID-19 cases across Sweden with prospective follow-up 
using mandatory national outcome register data and that the Swede
vox registry provides national data with high validity against records on 
about 85% of all people with ongoing LTOT before and during the 
pandemic, increasing the generalisability of our findings. 

Limitations of our study include lack of complete population-based 
data on other potential confounders such as smoking, but using educa
tion level as a covariate may at least partly have compensated for this. In 
addition, we did not address the effects of preexisting immunity induced 
by vaccination or an undiagnosed previous COVID-19 infection. Finally, 
the study period is limited to the last of May 2022. However, during the 
spring of 2022 the laboratory testing of COVID-19 decreased in Sweden, 
and we believe further data on COVID-19 infection would be less reli
able for the analyses presented here as they would reflect the true 
incidence of COVID-19 less well. 

5. Implications and need of future research 

The most important clinical knowledge from this study is that for 
patients with oxygen-dependent CRF, treated with LTOT, health stra
tegies at least at later stages of the pandemic managed to keep the 
incidence of COVID-19 infection similar to or below the general popu
lation incidence, although critical disease continued to be more common 
due to their underlying frailty. In spite of increased mortality risk after 
COVID-19, the proportion of patients with mild disease is increasing 
even in this group. 

The somewhat inconsistent results that the risk of COVID-19 in CRF 
was higher than in the general population during the first phase but 
lower during the following periods, implicates that precautions to avoid 
being infected are still important in areas where virus transmission is 
ongoing. However, the results of this study demonstrate a lower intrinsic 
risk for progression to critical disease over time, and may thus allow 
physical training and social contacts to a higher extent in vaccinated 
patients. This could be important for health-related quality of life and 
other patient-related outcomes among patients with LTOT. 

6. Conclusion 

In patients with oxygen-dependent CRF, the proportion diagnosed 

with moderate/COVID-19 was higher compared with the general pop
ulation during all variant of concern periods, and COVID-19 is associ
ated with excess one-year mortality in this patient group. The 
cumulative incidence of COVID-19 was highest during the delta/omi
cron period but the proportion of mild disease increased during the 
study period and was highest in the delta/omicron period. 
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Conceptualization, Methodology, Writing – review & editing. Ludger 
Grote: Conceptualization, Methodology, Writing – review & editing. 
Sara Cajander: Conceptualization, Methodology, Writing – review & 
editing. Huiqi Li: Conceptualization, Methodology, Writing – review & 
editing. Fredrik Nyberg: Conceptualization, Methodology, Writing – 
review & editing. Magnus Ekström: Conceptualization, Methodology, 
Writing – review & editing. 

Declaration of competing interest 

There is no conflict of interest. 

Acknowledgements 

We thank all participating Swedevox centers and all SCIFI-PEARL 
team members who helped with data management and insights. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.rmed.2023.107392. 

References 

[1] WHO. [accessed 2023 Feb 28]. Available from: https://www.who.int/. 
[2] The Public Health Agency of Sweden. [accessed 2023 Feb 28]. Available from: htt 

ps://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/. 
[3] DMg Halpin, G.J. Criner, A.P. Papi, et al., Global initiative for the diagnosis, 

management, and prevention of chronic obstructive lung disease. The 2020 GOLD 
science committee report on COVID-19 and chronic obstructive pulmonary disease, 
Am. J. Respir. Crit. Care Med. 203 (1) (2021 Jan 1) 24–36. 

[4] S.F. Naqvi, D.A. Lakhani, A.H. Sohail, et al., Patients with idiopathic pulmonary 
fibrosis have poor clinical outcomes with COVID-19 disease: a propensity matched 
multicentre research network analysis, BMJ Open Respir Res 8 (1) (2021 Aug), 
e000969. 

[5] C. Yek, S. Warner, J.L. Wiltz, et al., Risk factors for severe COVID-19 outcomes 
among persons aged ≥18 Years who completed a primary COVID-19 vaccination 
series - 465 health care facilities, United States, december 2020-october 2021, 
MMWR Morb. Mortal. Wkly. Rep. 71 (1) (2022) 19–25. 

[6] A.D. Vo, J. La, J.T. Wu, et al., Factors associated with severe COVID-19 among 
vaccinated adults treated in US veterans affairs hospitals, JAMA Netw. Open 5 (10) 
(2022), e2240037. 

[7] Y.J. Choi, J. Park, H.S. Lee, et al., Variable effects of underlying diseases on the 
prognosis of patients with COVID-19, PLoS One 16 (7) (2021 Jul 19), e0254258. 

[8] A. Mirouse, A. Friol, A.S. Moreau, et al., Severe SARS-Cov2 pneumonia in 
vaccinated patients: a multicenter cohort study, Sci. Rep. 13 (1) (2023) 1902. 

[9] J. Sundh, M. Ekström, A. Palm, et al., COVID-19 and risk of oxygen-dependent 
chronic respiratory failure: a national cohort study, Am. J. Respir. Crit. Care Med. 
206 (4) (2022 Aug 15) 506–509. 

J. Sundh et al.                                                                                                                                                                                                                                   

https://doi.org/10.1016/j.rmed.2023.107392
https://doi.org/10.1016/j.rmed.2023.107392
https://www.who.int/
https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/
https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref3
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref3
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref3
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref3
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref4
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref4
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref4
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref4
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref5
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref5
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref5
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref5
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref6
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref6
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref6
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref7
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref7
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref8
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref8
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref9
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref9
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref9


Respiratory Medicine 218 (2023) 107392

7

[10] M. Ekström, Z. Ahmadi, H. Larsson, et al., A nationwide structure for valid long- 
term oxygen therapy: 29-year prospective data in Sweden, Int. J. Chronic Obstr. 
Pulm. Dis. 12 (2017) 3159–3169. 

[11] M. Ekström, D. Albrecht, S. Andersson, et al., Validation of the Swedevox registry 
of continuous positive airway pressure, long-term mechanical ventilator and long- 
term oxygen therapy, ERJ Open Res 7 (1) (2021 Jan 18) 340–2020. 

[12] F. Nyberg, S. Franzén, M. Lindh, et al., Swedish COVID-19 investigation for future 
insights – a population Epidemiology Approach using register linkage (SCIFI-pearl, 
Clin. Epidemiol. 13 (2021 Jul 30) 649–659. 

[13] M. Hardinge, J. Annandale, S. Bourne, et al., British Thoracic Society guidelines for 
home oxygen use in adults, Thorax 70 (Suppl 1) (2015 Jun) i1–i43. 

[14] J.F. Ludvigsson, E. Andersson, A. Ekbom, et al., External review and validation of 
the Swedish national inpatient register, BMC Publ. Health 11 (2011) 450. 

[15] H.L. Brooke, M. Talback, J. Hornblad, et al., The Swedish cause of death register, 
Eur. J. Epidemiol. 32 (9) (2017) 765–773. 

[16] J.F. Ludvigsson, P. Svedberg, O. Olén, et al., The longitudinal integrated database 
for health insurance and labour market studies (LISA) and its use in medical 
research, Eur. J. Epidemiol. 34 (2019) 423–437. 

[17] Swedish National Board of Health and Welfare. COVID-19 Risk groups. [accessed 
2021 December 31]. Available from: https://www.socialstyrelsen.se/en. 

[18] A. Booth, A.B. Reed, S. Ponzo, et al., Population risk factors for severe disease and 
mortality in COVID-19: a global systematic review and meta-analysis, PLoS One 16 
(3) (2021 Mar 4), e0247461. 

[19] J.F. Ludvigsson, How Sweden approached the COVID-19 pandemic: summary and 
commentary on the national commission inquiry, Acta Paediatr. 112 (1) (2023 
Jan) 19–33. 

[20] COVID-19 Excess Mortality Collaborators: estimating excess mortality due to the 
COVID-19 pandemic: a systematic analysis of COVID-19-related mortality, 2020- 
21, Lancet 399 (10334) (2022 Apr 16) 1513–1536. 

[21] N.M. Kuderer, T.K. Choueiri, D.P. Shah, et al., Clinical impact of COVID-19 on 
patients with cancer (CCC19): a cohort study, Lancet 395 (10241) (2020 Jun 20) 
1907–1918. 

[22] Das-Munshi JD, Chang CK, Bakolis I et al. All-cause and cause-specific mortality in 
people with mental disorders and intellectual disabilities, before and during the 
COVID-19 pandemic: cohort study. Lancet Reg Health Eur 2. 021 Dec;11:100228. 

[23] M.M. Gianino, A. Savatteri, G. Politano, et al., Burden of COVID-19: disability- 
adjusted life years (DALYs) across 16 European countries, Eur. Rev. Med. 
Pharmacol. Sci. 25 (17) (2021 Sep) 5529–5541. 

[24] L. Villani, M. McKee, F. Cascini, et al., Comparison of deaths rates for COVID-19 
across europe during the first wave of the COVID-19 pandemic, Front. Public 
Health 8 (2020), 620416. 

[25] M. Pachetti, B. Marini, F. Giudici, et al., Impact of lockdown on Covid-19 case 
fatality rate and viral mutations spread in 7 countries in Europe and North 
America, J. Transl. Med. 18 (1) (2020 Sep 2) 338. 

[26] K.P. Kepp, J. Björk, L. Emilsson, T. Lalluka, The contribution of population age-sex 
structure to the excess mortality estimates of 2020–2021 in Denmark, Finland, 
Iceland, Norway, and Sweden, SSM Popul Health 22 (2023 Jun), 101377. 

[27] O. Matveeva, S.A. Shabalina, Comparison of vaccination and booster rates and 
their impact on excess mortality during the COVID-19 pandemic in European 
countries, Front. Immunol. 14 (2023 Jul 6), 1151311, 27. 

[28] W. Msemburi, A. Karlinsky, V. Knutson, S. Aleshin-Guendel, S. Chatterji, 
J. Wakefield, The WHO estimates of excess mortality associated with the COVID-19 
pandemic, Nature 613 (7942) (2023 Jan) 130–137, 28. 

[29] M.S. Chew, P. Johansson Blixt, R. Åhman, et al., National outcomes and 
characteristics of patients admitted to Swedish intensive care units for COVID-19: a 
registry-based cohort study, Eur. J. Anaesthesiol. 38 (4) (2021 Apr 1) 335–343. 

J. Sundh et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S0954-6111(23)00280-9/sref10
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref10
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref10
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref11
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref11
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref11
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref12
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref12
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref12
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref13
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref13
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref14
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref14
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref15
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref15
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref16
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref16
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref16
https://www.socialstyrelsen.se/en
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref18
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref18
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref18
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref19
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref19
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref19
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref20
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref20
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref20
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref21
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref21
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref21
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref23
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref23
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref23
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref24
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref24
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref24
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref25
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref25
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref25
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref26
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref26
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref26
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref27
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref27
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref27
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref28
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref28
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref28
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref29
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref29
http://refhub.elsevier.com/S0954-6111(23)00280-9/sref29

	Risk and outcomes of COVID-19 in patients with oxygen-dependent chronic respiratory failure– a national cohort study
	1 Background
	2 Methods
	2.1 Study design, population and time periods
	2.2 Variables
	2.3 Statistical analyses
	2.4 Ethical considerations

	3 Results
	3.1 Patient characteristics
	3.2 Cumulative incidence and rates of COVID-19 in patients with oxygen-dependent CRF
	3.3 Risk factors for COVID-19 and for severe or critical disease in oxygen-dependent CRF
	3.4 Impact of COVID-19 on mortality in oxygen-dependent chronic respiratory failure

	4 Discussion
	4.1 Strengths and limitations

	5 Implications and need of future research
	6 Conclusion
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


