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Introduction: Long-term oxygen therapy (LTOT) improves survival and may reduce hospital 

admissions in patients with chronic obstructive pulmonary disease (COPD) and severe hypox-

emia, but the impact of daily duration of LTOT on hospitalization rate is unknown. We aimed 

to estimate the association between the daily duration of LTOT (24 vs 15 h/d) and hospital 

admissions in patients with LTOT due to COPD.

Materials and methods: A population-based, cohort study included patients who started 

LTOT due to COPD between October 1, 2005 and June 30, 2009 in the Swedish national reg-

ister for respiratory failure (Swedevox). Time to first hospitalization from all causes and from 

respiratory or nonrespiratory disease, using the National Patient Registry, was analyzed using 

Fine–Gray regression, adjusting for potential confounders.

Results: A total of 2,249 patients with COPD (59% women) were included. LTOT 24 h/d 

was prescribed to 539 (24%) and LTOT 15–16 h/d to 1,231 (55%) patients. During a median 

follow-up of 1.1 years (interquartile range, 0.6–2.1 years), 1,702 (76%) patients were hospital-

ized. No patient was lost to follow-up. The adjusted rate of all-cause hospitalization was similar 

between LTOT 24 and 15–16 h/d (subdistribution hazard ratio [SHR] 0.96; [95% CI] 0.84–1.08), 

as was cause-specific hospitalizations analyzed for respiratory disease (SHR: 1.00; 95% CI: 

0.86–1.17) and nonrespiratory disease (SHR: 0.92; 95% CI: 0.75–1.14).

Conclusion: LTOT prescribed for 24 h/d was not associated with decreased hospitalization 

rates compared with LTOT for 15–16 h/d in patients with oxygen-dependent COPD. The results 

should be validated in a randomized controlled trial.

Keywords: long-term oxygen therapy, chronic obstructive pulmonary disease, duration, hospitaliza-

tion, cohort study, hypoxemia, hospital admission, respiratory disease, nonrespiratory disease

Introduction
Chronic obstructive pulmonary disease (COPD) is the most common cause of hypoxic 

respiratory failure. Long-term oxygen therapy (LTOT) improves survival in patients 

with chronic severe hypoxemia due to COPD.1,2 The current recommendation to use 

LTOT at least 15 h/d but preferably 24 h/d is based on the Medical Research Council 

(MRC) and the Nocturnal Oxygen Therapy Trial (NOTT) studies performed in the 

1970s.1,2 In the MRC trial, LTOT 15 h/d was compared with no oxygen, and in the 

NOTT, LTOT 24 h/d was compared with nocturnal LTOT 12 h/d.1,2 In an observa-

tional comparison of the treatment arms of these 2 trials, the crude mortality rate was 

lower for the 18 h/d group in NOTT than for the 15 h/d group in the MRC trial.1,2,3 The 

comparison was unadjusted and involved only 290 patients.1,2,3 A recent observational 
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study of 2,249 patients with oxygen-dependent COPD found 

no survival benefit from LTOT 24 vs 15 h/d.4

Patients with oxygen-dependent COPD form a vulnerable 

group with impaired exercise tolerance and health-related 

quality of life,5 high risk of anxiety and depression, and high 

risk of hospitalizations associated with suffering and high 

health care costs.6 Thus, it is critical to explore factors influ-

encing these measurements. LTOT has been reported to be 

associated with reduced hospital admissions in patients with 

COPD and hypoxic respiratory failure.7 However, LTOT in 

moderate hypoxemia,8 intermittent oxygen use at home,9 or 

oxygen treatment at exercise10 do not prevent hospital admis-

sions. The impact of LTOT duration on hospital admissions 

is unknown. This issue is of clinical importance as higher 

duration or continuous LTOT may pose an unnecessary bur-

den and limitation for many patients. Dependence on LTOT 

has been shown to be associated with increased feelings of 

anxiety, and shame, potentially leading to social isolation 

and restrictions in activities in daily life.11,12

The aim of the present study was to estimate the associa-

tion between LTOT daily duration and hospital admissions 

in patients with COPD and hypoxic respiratory failure. We 

hypothesized that hospitalizations would not differ in people 

prescribed LTOT 24 h/d compared with LTOT 15 h/d.

Materials and methods
Study design and data collection
This was a population-based, retrospective cohort study 

of prospectively collected data from the Swedish national 

register for respiratory failure (Swedevox). The structure, 

validity, and coverage of Swedevox have been described 

elsewhere.13 All 48 Swedish centers prescribing LTOT fol-

low the national guidelines that LTOT should be prescribed 

for 15 h/d or more, and that LTOT is indicated when arterial 

blood gas tension of oxygen (PaO
2
) breathing ambient air 

is ,7.4 kPa; or PaO
2
 7.4–8.0 kPa together with signs of right-

sided heart failure/pulmonary hypertension and/or secondary 

polycythemia erythrocyte volume fraction .0.54.13

The present study included all registered patients who 

started LTOT due to COPD and hypoxic respiratory failure 

between October 1, 2005 and June 30, 2009. Patients with 

COPD and a comorbid diagnosis of lung cancer before start-

ing LTOT were excluded. For patients who started LTOT 

more than once during the period, only the most recent treat-

ment was included in the analysis.

Patient characteristics and measures
Variables were registered prospectively in Swedevox at 

the start of LTOT including on resting arterial PaO
2
 and 

blood gas tension of carbon dioxide (PaCO
2
) breathing air 

and oxygen, forced expiratory volume in 1 second (FEV
1
), 

body mass index (BMI), World Health Organization (WHO) 

performance status, prescribed oxygen dose (L/min), and 

prescribed LTOT duration (h/d). Data on comorbid condi-

tions and number of hospitalizations during the 4-year period 

before baseline were obtained from the Swedish National 

Inpatient Register, which covers more than 99% of all hospi-

tal admissions and about 80% of all hospital-based outpatient 

care during period.14 Comorbid conditions were defined as 

doctor’s diagnoses coded according to the tenth revision of 

the International Classification of Disease. Diagnoses of 

interest were anxiety, renal failure, and cardiovascular dis-

ease. The latter was expressed as number of cardiovascular 

diseases (cerebrovascular disease, heart failure, hypertension, 

ischemic heart disease, peripheral artery disease, pulmonary 

embolism, or other circulatory disease). Data on all dispensed 

drug prescriptions in outpatient care after July 1, 2005 were 

obtained from the Swedish Prescribed Drug Register.15 Vital 

status and cause of death were obtained from the National 

Board of Health and Welfare’s Cause of Death Register.16

Ethical considerations
All patients participating in the study were informed accord-

ing to directives from the authorities. Participants provided 

their verbal consent when registering in Swedevox, and 

the consent procedure and the study was approved by the 

Regional Ethical Review Board of Lund (DNr 157/2007 

and 350/2008), the Swedish National Board of Health and 

Welfare, and the Swedish Data Inspection Board.

Statistical analyses
Statistical analyses were conducted using the software 

packages Stata, version 13 (StataCorp LP; College Station, 

TX, USA), and SAS, version 9.3 (SAS Institute, Inc., Cary, 

NC, USA).

Continuous baseline variables were presented as means 

with standard deviations (SD) or medians with range or 

interquartile range (IQR) for normal and skewed distribu-

tion, respectively. Categorical variables were expressed as 

frequencies and percentages.

The follow-up period was from start of LTOT until first 

hospital admission, with censoring due to death, LTOT with-

drawal, or study end at the 30th of June, 2009. The primary 

endpoint was time to first hospitalization, and secondary 

endpoints were time to first hospitalization due to respira-

tory disease (tenth revision of the International Classification 

of Disease, J00–J99) or nonrespiratory disease including 

cardiovascular diseases and other diseases. Analyses were 
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conducted using Fine–Gray regression, accounting for 

the competing risk of death. Prescribed LTOT daily dura-

tion was analyzed both by comparing 24 h/d with 15 h/d 

(n=1,770 patients) and as a continuous variable (n=2,249), 

with adjustment for potential confounders. The confounders 

were chosen a priori using subject matter knowledge and 

prior mortality analyses17–19 and included baseline age, sex, 

prescribed oxygen dose (L/min), PaO
2
 (on air), PaCO

2
 (on 

air), FEV
1
, WHO performance status (in 5 categories), BMI 

(in 4 categories), maintenance treatment with oral gluco-

corticoids, anxiety, renal failure, number of cardiovascular 

diagnoses (3 categories), and number of hospitalizations in 

4 years before baseline (continuous variable). Missing data 

were imputed for PaO
2
 (air), PaCO

2
 (air), FEV

1
, BMI, and 

WHO performance status.17 The model estimates were robust 

to the imputations. Statistical significance was defined as 

2-sided P-value ,0.05.

Results
Patient characteristics
During October 1, 2005–December 31, 2009; a total of 2,249 

patients with COPD (59% women) started LTOT and were 

included in the analysis. Due to the comprehensive coverage 

of the Swedish National Inpatient Register, follow-up was 

complete. LTOT 24 h/d was prescribed to 539 (24%) patients, 

LTOT 15–16 h/d was prescribed to 1,231 (55%) patients, and 

other daily durations were prescribed to 470 patients (21%). 

Patients receiving LTOT 24 h/d had significantly lower 

PaO
2
 on air and worse WHO performance status at the start 

of LTOT, as compared with patients with oxygen 15 h/d 

(Table 1). The aimed PaO
2
 at above 8 kPa on oxygen was 

achieved in the majority of patients, with similar rates for 

LTOT 24 h/d (77%) and LTOT 15–16 h/d (80%).

Hospital admissions
Median follow-up time was 1.1 years (IQR, 0.6–2.1 years), 

and 1,702 (76%) patients were hospitalized at least 1 time 

during the follow-up period. Of these, 8 patients were hos-

pitalized during the whole study period and excluded from 

regression analysis. The remaining patients were censored 

due to death before any hospital admission (n=190; 8%) or 

due to withdrawal from LTOT (n=357; 16%). In the majority 

of the patients, their first hospitalization was due to worsen-

ing of respiratory disease (n=1,105). In 16 of the included 

Table 1 Baseline characteristics

Characteristics All patients with 
LTOT, N=2,249

Patients with prescribed LTOT duration 24 h/d or 15 h/d

LTOT 24 h/d 
N=539 (24%)

LTOT 15 h/d 
N=1,231 (55%)

P-values

Age, years (SD) 74.7±8.2 75.0±8.1 74.7±8.2 0.57
Women, n (%) 1,328 (59) 283 (53) 767 (62) ,0.001
PaO2 air, kPa 6.5±0.9 6.3±0.9 6.6±0.8 ,0.001
PaO2 oxygen, kPaa 8.7±1.1 8.6±1.1 8.7±1.1 0.006
PaCO2 air, kPa 6.3±1.2 6.2±1.3 6.2±1.2 0.90
PaCO2 oxygen, kPab 6.5±1.3 6.6±1.3 6.5±1.3 0.12
FEV1, L

c 0.84±0.48 0.89±0.54 0.83±0.45 0.10
FEV1, %pred 33.6±17.3 34.8±19.5 33.8±17.0 0.45
Prescribed oxygen dose, L/min 1.6±1.3 2.0±1.3 1.5±1.0 ,0.001
Ever smoking, n (%) 2,106 (94) 478 (89) 1,110 (90) 0.35
BMI, kg/m2d 24.0 (6.3) 24.0 (6.4) 23.9 (6.0) 0.80
WHO performance status, n (%)e

0 132 (6) 26 (5) 76 (6) 0.26
1 881 (39) 173 (32) 493 (40) 0.001
2 714 (32) 167 (31) 385 (31) 0.90
3 292 (13) 108 (20) 132 (11) ,0.001
4 31 (1) 11 (2) 14 (1) 0.14

Cardiovascular diagnoses, n (%)
0 755 (34) 158 (29) 428 (35) 0.03
1 823 (37) 203 (38) 433 (35) 0.32
2 449 (20) 113 (21) 242 (20) 0.53
$3 222 (10) 65 (12) 128 (10) 0.30

Anxiety, n (%) 196 (9) 44 (8) 123 (10) 0.23
Renal failure, n (%) 97 (4) 28 (5) 57 (5) 0.60
Oral glucocorticoids, n (%) 1,375 (6) 327 (61) 731 (60) 0.61

Notes: Data presented as mean ± SD unless otherwise specified. Hospitalizations and diagnoses were assessed within the 4-year period before the start of LTOT. aMissing 
data n=289. bMissing data n=301. cMissing data n=849. dMissing data n=701. eMissing data n=199.
Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 second; LTOT, long-term oxygen therapy; PaCO2, arterial blood gas tension of carbon dioxide; 
PaO2, arterial blood gas tension of oxygen; SD, standard deviations; WHO, World Health Organization.
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hospitalization events, a main diagnosis code was missing, 

and these patients were excluded from cause-specific regres-

sion analysis.

Hospital admissions in LTOT 24 vs 
15–16 h/d
In the crude analysis, comparing LTOT 24 h/d and 15–16 h/d 

(n=1,763), there was no difference in all-cause hospitaliza-

tions (subdistribution hazard ratio [SHR]: 0.96; 95% CI: 

0.86–1.08). In the multivariate model with adjustment for 

potential confounders, the result remained almost exactly 

the same (SHR: 0.96; 95% CI: 0.84–1.08) (Table 2). The 

adjusted cumulative function plots of the treatment groups 

closely overlapped at all time points (Figure 1). When the 

continuous LTOT duration variable was used (n=2,249), the 

SHR was similar (SHR: 0.99; 95% CI: 0.98–1.01). Adjusted 

cause-specific hospitalizations due to respiratory disease 

was similar between the 2 treatment groups (SHR: 1.00; 

95% CI: 0.86–1.17), as was the rate of hospitalizations due 

to nonrespiratory cause (SHR: 0.92; 95% CI: 0.75–1.14) 

(Figure 2).

Discussion
Main findings
The primary finding of this study is that the rate of hospital-

ization due to any cause or due to respiratory disease is equal 

Table 2 Results from Fine–Gray regression of LTOT duration 
and hospitalizations

Characteristics SHR (95% CI) P-values

Oxygen duration 24 h/d 0.96 (0.84–1.08) 0.48
Age, per 1 year 1.00 (0.99–1.00) 0.19
Women 1.05 (0.92–1.19) 0.46
PaO2 air, per 1 kPa 0.99 (0.93–1.06) 0.80
PaCO2 air, per 1 kPa 0.66 (0.48–0.90) 0.01
FEV1, per 1 L 0.91 (0.76–1.08) 0.28
Prescribed oxygen dose, per 1 L/min 0.99 (0.94–1.05) 0.82
BMI, kg/m2

,18.5 1.02 (0.86–1.21) 0.85
18.5–24.9 Ref
25.0–29.9 0.95 (0.82–1.11) 0.51
$30.0 1.02 (0.84–1.23) 0.86

WHO performance status
0 Ref
1 1.07 (0.85–1.34) 0.58
2 1.11 (0.88–1.41) 0.38
3 0.97 (0.73–1.29) 0.83
4 0.52 (0.26–1.05) 0.07

Cardiovascular diagnoses
0 Ref
1 1.13 (0.99–1.28) 0.07
2 1.31 (1.11–1.54) 0.001
$3 1.42 (1.16–1.75) 0.001

Anxiety 1.18 (0.97–1.43) 0.09
Renal failure 1.22 (0.94–1.58) 0.13
Oral glucocorticoids 1.39 (1.24–1.55) ,0.0001

Notes: Data from Fine–Gray analyses adjusted for baseline age, sex, oxygen dose 
(L/min), PaO2 (air), baseline PaCO2 (air), FEV1, WHO performance status, BMI, 
treatment with oral glucocorticoids, and comorbid conditions including anxiety, 
renal failure, and number of cardiovascular diagnoses. An SHR above 1 indicates an 
increased risk for hospitalization.
Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 
second; LTOT, long-term oxygen therapy; PaCO2, arterial blood gas tension of 
carbon dioxide; PaO2, arterial blood gas tension of oxygen; Ref, reference; SHR, 
subdistribution hazard ratio; WHO, World Health Organization.

Figure 1 Cumulative incidence of first hospitalization in LTOT daily duration 
24 h/d vs 15 h/d. 
Note: Results from Fine–Gray analyses adjusted for baseline age, sex, oxygen dose 
(L/min), PaO2 (air), baseline PaCO2 (air), FEV1, WHO performance status, body 
mass index, treatment with oral glucocorticoids, and comorbid conditions including 
anxiety, renal failure and number of cardiovascular diagnoses. 
Abbreviations: FEV1, forced expiratory volume in one second; LTOT, long-term 
oxygen therapy; PaCO2, arterial blood gas tension of carbon dioxide; PaO2, arterial 
blood gas tension of oxygen; SHR, subdistribution hazard ratio; WHO, World 
Health Organization.

Figure 2 All-cause and cause-specific hospitalizations in LTOT daily duration 24 h/d 
vs 15 h/d. 
Note: Results from Fine–Gray analyses of LTOT 24 h/d vs 15 h/d adjusted for 
baseline age, sex, oxygen dose (L/min), PaO2 (air), baseline PaCO2 (air), FEV1, WHO 
performance status, body mass index, treatment with oral glucocorticoids, and 
comorbid conditions including anxiety, renal failure and number of cardiovascular 
diagnoses. 
Abbreviations: FEV1, forced expiratory volume in one second; LTOT, long-term 
oxygen therapy; PaCO2, arterial blood gas tension of carbon dioxide; PaO2, arterial 
blood gas tension of oxygen; SHR, subdistribution hazard ratio; WHO, World 
Health Organization.
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with LTOT 24 h/d compared with 15–16 h/d in patients with 

COPD. Although the group with LTOT 24 h/d had statisti-

cally significantly lower baseline PaO
2
, potentially indicat-

ing more severe disease, the analyses adjusted for PaO
2
 and 

subsequently no independent difference in the associations 

with number of hospitalizations was found.

Although LTOT has been reported to decrease the risk 

for hospitalization1,2 and death,7 the optimal daily duration 

for LTOT is still unclear. The current recommendation to 

use LTOT 15 h/d and preferably higher is based on pooled 

results from the MRC and NOTT studies where LTOT 15 h/d 

and 24 h/d, respectively, were both associated with increased 

survival compared with no or with only nocturnal oxygen.1,2 

However, our recently published work with the Swedish 

registry data indicates that there may indeed be no survival 

benefit from using LTOT continuously compared with LTOT 

15–16 h/d.4 In the present study, time to first hospitalization 

was analyzed as primary outcome instead of time to death. 

Our results showing that the rate of hospitalizations was equal 

in patients with 24 h/d and 15–16 h/d is consistent with the 

previous finding of similar mortality risk in these groups.4 

The present findings reflect real-world data and thus have 

high external validity, as patients starting LTOT today are 

older, have more comorbid conditions, and include more 

women compared with the MRC and NOTT studies.1,2

As for the other results of the Fine–Gray regression model, 

several cardiovascular diagnoses, maintenance treatment 

with oral glucocorticoids and lower PaCO
2
 were all associ-

ated with a higher risk for hospitalization. Cardiovascular 

comorbidity has been previously shown to influence risk for 

hospitalization in patients with COPD,20,21 and our association 

of oral steroids with an increased risk for hospitalization is 

consistent with a corresponding report of higher mortality 

risk in COPD and maintenance treatment with oral steroids. 

As for the unexpected association of higher PaCO
2
 with a 

lower risk for hospitalization, we speculate that a possible 

explanation may be due to some patients having coexisting 

overlap syndrome, where PaCO
2
 is higher but home ventilator 

therapy prevents hospitalizations. However, we do not have 

data on number of home ventilators in our study.

Strengths and limitations
The major strengths of this study is that it is a multicenter, 

national study with a large study population and that the 

Swedish register data used for patient characteristics and 

outcome variables are well reliable.13,14,16 A major limitation 

is that we have no objective data on actual daily oxygen 

utilization. Therefore, we cannot exclude the possibility 

that patients prescribed LTOT 24 h/d utilized oxygen for 

fewer hours per day in real life or that patients prescribed 

15–16 h/d used oxygen more. If this was the case, this could 

explain why no differences in hospitalization were found. 

However, our findings reflect effectiveness of prescribed 

oxygen durations in clinical practice, and a previous study 

has indicated that patients with significant hypoxemia as 

in our study population are adherent to prescribed LTOT 

duration.22 Another limitation is that the Swedevox data 

reports prescribed oxygen duration at baseline, and we can-

not exclude that patients are either increasing or decreasing 

their prescribed dose of oxygen. In addition, there may be a 

selection bias due to doctor’s decisions, where factors like 

comorbid pulmonary hypertension and functional status may 

influence the choice of oxygen duration. Finally, the obser-

vational design of the study means that the results may be 

biased, as the groups are not randomized. Although we tried 

to deal with this using a multivariate model with adjustment 

for potential confounders, our hypothesis that LTOT 24 h/d 

does not lower the risk for mortality or hospitalizations 

compared with LTOT 15–16 h/d needs to be examined in a 

randomized controlled trial.

Clinical implications
The results of this study support that there are no benefits 

of prescribing LTOT 24 h/d compared with 15–16 h/d for 

prevention of hospitalizations. This finding, together with 

our previous study where no differences in survival was 

shown for LTOT 24 vs 15–16 h/d, could be of great clinical 

importance for the small but resource-intensive group of 

patients with hypoxemia due to COPD. LTOT is associated 

with considerable costs and side effects, and may lead to 

social isolation.12,23,24 In addition, low-flow oxygen therapy 

has been shown to be associated with oxidative stress and 

inflammation, which potentially could contribute to increased 

morbidity and negative health effects.25,26 Subsequently, it is 

important to establish that LTOT 24 h/d is an unnecessary 

burden to patients with oxygen-dependent COPD.

Conclusion
LTOT prescribed 24 h/d was not associated with decreased 

hospital admissions compared with LTOT 15–16 h/d in 

patients with oxygen-dependent COPD. The results need to 

be further examined in a randomized controlled trial.
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