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Adherence to long-term oxygen
therapy in patients with chronic
obstructive pulmonary disease

Amélie Gauthier, Sarah Bernard,
Emmanuelle Bernard, Serge Simard,
François Maltais and Yves Lacasse

Abstract
Long-term oxygen therapy (LTOT) has beneficial effects on survival in patients with chronic obstructive
pulmonary disease (COPD) and severe hypoxemia at rest. Two landmark trials suggested that these
benefits depend on the time of exposure to oxygen. Patients are usually prescribed LTOT for at least
15–18 hours/day. The primary objective of this study was to determine the average daily exposure to
supplemental oxygen in patients with severely hypoxemic COPD who were newly prescribed LTOT and
the proportion of patients who were adherent to their prescription. The secondary objective was to
identify predictors of compliance to LTOT. We performed a retrospective observational study of patients
newly registered in a regional home oxygen program in Quebec, Canada, between July 1, 2013, and December
31, 2014. Daily exposure to oxygen was objectively measured from the concentrator’s counter clock. From
196 patients registered in the program during the study period, 115 contributed to the analysis. Most patients
(n ¼ 84; 73%) were prescribed oxygen for �18 hours/day. Overall, the 115 patients were exposed to home
oxygen for 17.8 hours/day; 60% of the patients were compliant according to our definition. Increasing age and
ambulatory oxygen utilization predicted adherence to oxygen therapy. Adherence to home oxygen therapy is
suboptimal. Behavioral and psychological interventions to improve compliance to LTOT should be
investigated.
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Introduction

Two randomized controlled trials of long-term oxy-

gen therapy (LTOT) in chronic obstructive pulmonary

disease (COPD) clearly demonstrated that low-flow

domiciliary oxygen increases survival in severely

hypoxemic patients.1,2 The British study randomly

assigned patients to receive 15 hours of oxygen ther-

apy (including hours of sleep) per day versus no oxy-

gen therapy at all. At 5-year follow-up, the oxygen

therapy group had improved survival: 19 of 42 (42%)

oxygen therapy patients had died, compared to 30 of

the 45 (66%) control patients.1 The American trial

randomly assigned patients to receive oxygen for

either 12 hours a day (nocturnal group) or 24 hours
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a day (continuous group). The continuous group

actually received oxygen for an average of 19 hours

a day. At 24 months, the overall mortality in the con-

tinuous group was 22.4%, whereas it was 40.8% in the

nocturnal group.2 Survival of patients who were only

referred for nocturnal oxygen in the American trial

was greater than survival of those who were allocated

to the control group in the British trial. This indirect

comparison provided some evidence that the benefits

of oxygen depend on the duration of daily exposure to

therapy, at least in severely hypoxemic patients with

COPD.

Following the introduction of the technology of

oxygen concentrator, several studies have focused

on patients’ compliance to home oxygen therapy.3

In this context, “compliance” refers to the extent to

which the patient’s behavior coincides with the clin-

ical prescription. It has been suggested that

“compliance” is synonymous with “adherence,” and

both terms may be used interchangeably.4 The evalua-

tion of patients’ compliance to home oxygen often

relied on patients’ reports based on interviews or

administration of questionnaires to patients or medi-

cal staff. Other studies measured exposure to home

oxygen more objectively, using the clock counter now

available on most concentrators.5–13 Most reports

were from cross-sectional studies, that is, studies of

compliance over short periods of time in patients who

had been on oxygen therapy for varying duration and

suggested that, in general, adherence to home oxygen

therapy is poor.

Given the costs incurred and the presumed rela-

tion between time of exposure to oxygen and its

benefits on survival, the issue of compliance is of

outmost interest. Also, a better understanding

of adherence to home oxygen therapy and its deter-

minants may help physicians and allied health

professionals to improve patient care and cost-

effectiveness. The primary objective of this study

was, therefore, to determine the average daily use

of LTOT in patients with severely hypoxemic

COPD who were newly prescribed LTOT and the

proportion of patients who were adherent to therapy.

The secondary objective was to identify predictors

of compliance to oxygen therapy.

Methods

Setting and patients

The study took place in the respiratory home care

program of the Quebec City area (province of

Quebec, Canada). This program is funded by the Que-

bec universal medical insurance plan and delivers

home care (mainly LTOT and related services) to

patients with any chronic lung disease. Every patient

with LTOT living in this area is registered to the

program, with the only exception of those living in

a long-term care facility. This study received approval

from the internal review board of our institution

(approval number: 2016-2625, 21295).

All patients with COPD newly prescribed with

LTOT who were registered between July 1, 2013, and

December 31, 2014, were included in the study. To be

admitted to the program, patients must meet the

widely accepted criteria for LTOT (arterial partial

pressure of oxygen (PaO2) �55 mmHg; or PaO2

�59 mmHg with clinical evidence of at least one of

the following: pulmonary hypertension, right ventri-

cular hypertrophy, cor pulmonale, or hematocrit

�55%).2 No patient is admitted on the basis of severe

disability alone or on the basis of resting oxygen desa-

turation only; arterial blood gas measurement is there-

fore mandatory. Patients are provided with a

stationary, electrically powered oxygen concentrator

for home-based oxygen therapy and are visited by the

program’s staff (nurse and respiratory therapist, in

turn) according to a predefined schedule.

Measures and outcomes

We conducted a retrospective observational study

from chart review. The daily duration of oxygen

use was objectively measured from the concentra-

tors’ counter clock that records the cumulative

number of hours of utilization. This information is

routinely recorded by respiratory therapists during

regular home visits. In addition, we collected data

regarding patient’s gender, age, number of hours of

utilization per day on the initial LTOT prescription,

arterial blood gases (PaO2 and arterial partial pres-

sure of carbon dioxide) on program admission,

forced expiratory volume in 1 second (FEV1),

smoking history, living environment (i.e. place of

residence and whether they lived alone or not) as

well as the use of portable cylinders. Comorbidities

were also noted and summarized using the Charlson

index,14 a measure of comorbidities in older adults

that predicts mortality. Prior diagnoses of depres-

sion or anxiety were also noted. Hospital admis-

sions during the study period and length of stay

were recorded.
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Statistics

From time 0 and after each home visit, daily exposure

to oxygen was calculated from the number of hours

recorded on the concentrator counter clock (i.e. the

numerator) divided by the number of days since the

previous visit (i.e. the denominator). For each patient,

we, therefore, obtained a series of means from varying

periods of time from which we calculated a weighted

mean number of hours of exposure to oxygen through

the study period.

We adjusted the number of hours of utilization for

all patients who owned an ambulatory oxygen system

and also took into account hospitalizations. Because

portable systems are not necessarily provided by the

home care program, we could not collect this infor-

mation from chart review for all patients. In order to

estimate the ambulatory oxygen utilization, we

accessed administrative data available at the home

care program where a log of all cylinders provided

by the program is kept. Small pressurized 2.5-kg

cylinders containing 160–180 liters of oxygen that are

coupled with an oxygen-conserving device are still

currently used.15 At a flow of 2 liters/minute, use time

per cylinder is around 4 hours. During the 2013–2015

period, all patients with COPD who were provided

portable oxygen by the program (whatever the time

since the introduction of LTOT) used on average 23

cylinders per year (or 2 cylinders per month). From

this statistics, we estimated that patients who owned

an ambulatory oxygen system, whatever the provider,

used it 8 hours/month (2 cylinders/month � 4 hours/

cylinder) or 0.25 hour/day. This roughly corroborates

our findings from a randomized trial of ambulatory

oxygen in patients recently put on LTOT (as those

included in the current study) where the mean daily

use of portable oxygen was 0.5 hour/day.15 We, there-

fore, assumed that patients who owned an ambulatory

oxygen system used it 0.5 hour/day. We also took into

account hospitalizations that were recorded in our

files by subtracting from the denominator the total

number of days in hospital during each period.

Using the weighted mean number of hours of expo-

sure to oxygen corrected for ambulatory oxygen uti-

lization and hospitalizations, we then categorized

each patient as “adherent” or “non-adherent.” Patients

were considered as adherent to oxygen if they

achieved oxygen treatment for a duration equivalent

(+1 hour) to that prescribed by the physician.9

We compared the proportions using Fisher’s exact

tests and continuous variables using one-way analyses

of variance. In order to illustrate the changes in expo-

sure to oxygen over time, we constructed B-spline

curves using piecewise third-order regression mod-

els.16 In univariate analyses, baseline characteristics

(including age, gender, FEV1, smoking status, blood

gas results upon admission to the program, living

environment, portable oxygen utilization, anxiety,

depression, and comorbidities) were investigated to

identify predictors of compliance. Only variables with

p values <0.20 were retained for inclusion in multi-

variate logistic regression analyses. The results were

considered significant with p values <0.05.

Results

Patients

One hundred and ninety-six patients with COPD were

registered for LTOT between July 1, 2013, and Decem-

ber 31, 2014. Eighty-one patients were excluded from

the study for the following reasons: patients prescribed

nocturnal oxygen only (n ¼ 41), insufficient informa-

tion available (n ¼ 23), insufficient number of home

visits to calculate mean daily use of oxygen (n ¼ 13),

PaO2 unknown upon program admission (n ¼ 2),

LTOT initiated in another area (n ¼ 1), and oxygen

therapy prescribed but finally refused by the patient

(n¼ 1). One hundred and fifteen patients were there-

fore included in the compliance study (Table 1).

Altogether, they cumulated 529,334 hours of expo-

sure to oxygen over 30,601 days of recording. Med-

ian follow-up duration was 358 days. Forty-four

(38%) patients owned a portable oxygen system.

Twenty-five (22%) patients were hospitalized at

least once over the study period (total 47 hospitali-

zations); the median length of stay was 15 days.

Oxygen prescriptions

Although most patients were prescribed oxygen for

�18 hours/day, the prescriptions varied from �12 to

24 hours/day (Table 2). The severity of hypoxemia

upon admission did not determine the prescriptions.

Oxygen utilization and adherence

On average, the 115 patients were exposed to home

oxygen for 17.8 hours/day (Table 3). On average, for

all four categories of prescription (i.e. �15, �16,

�18, and 24 hours/day), the mean daily exposure to

oxygen correlated with prescription but was inferior

to it. Table 3 also presents the proportion of adherent

patients according to the prescription. Overall, 60% of

Gauthier et al. 3



the patients were compliant according to our defini-

tion. Although the mean daily exposure to oxygen

remained stable during the study period in those who

were prescribed it for �18 hours/day, it tended to

decrease over time in those who were prescribed 24

hours/day (Figure 1). Spline curves for those who

were prescribed oxygen for �15 and �16 hours/day

are not shown.

Predictors of adherence

In the univariate analyses, we did not find any signif-

icant difference between adherent and non-adherent

patients, with the only exception that the former

patients were older (Table 4). After incorporating age,

smoking status, ambulatory oxygen utilization, and

whether patients still live at home (the only variables

with p values <0.20 in the univariate analyses) into a

multivariate logistic regression model, the only sig-

nificant predictors of adherence were age (odds ratio

per 1-year increment: 1.1; 95% confidence interval:

1.0–1.1) and ambulatory oxygen utilization (odds

ratio: 2.5; 95% confidence interval: 1.1–6.0).

Table 1. Baseline characteristics (n ¼ 115 patients).

Male patients, % 45

Age (years), mean (SD) 74 (9)
FEV1% pred, mean (SD) 43 (18)
Current smokers, % 17
PaO2 (mmHg) mean (SD) 50 (5)
PaCO2 (mmHg) mean (SD) 48 (10)
Living in a seniors’ residence, % 27
Living alone, % 37
Use of ambulatory oxygen, % 38
Anxiety, % 23
Depression, % 11
Charlson score, mean (SD) 5.6 (2.1)

SD: standard deviation; FEV1: forced expiratory volume in 1 sec-
ond; PaO2: arterial partial pressure of oxygen; PaCO2: arterial
partial pressure of carbon dioxide.

Table 2. Prescription and arterial blood gas results upon
admission (n ¼ 115 patients).

Prescription
Number of
patients (%)

PaO2, mean
(SD)

PaCO2,
mean (SD)

�15 hours/day 12 (10) 50 (4) 46 (9)
�16 hours/day 3 (3) 45 (8) 40 (13)
�18 hours/day 84 (73) 51 (5) 48 (10)
24 hours/day 16 (14) 49 (5) 48 (11)

Between-group comparisons p ¼ 0.3 p ¼ 0.7

PaO2: arterial partial pressure of oxygen; PaCO2: arterial partial
pressure of carbon dioxide; SD: standard deviation.

Table 3. Daily exposure and compliance to home oxygen
therapy.

Prescription
Number

of patients

Daily exposure to
oxygen (hours/

day), mean (SD)a

Number
of adherent
patients (%)

All patients 115 17.8 (5.5) 69 (60)
�15 hours/

day
12 11.9 (5.4) 2 (17)

�16 hours/
day

3 12.4 (2.3) 0 (0)

�18 hours/
day

84 18.1 (5.1) 57 (68)

24 hours/
day

16 21.4 (4.1) 10 (63)

Between-group
comparison

p < 0.0001 p ¼ 0.0007

SD: Standard deviation.
aAdjusted for portable oxygen utilizations and hospitalizations.

Figure 1. Spline curves illustrating changes in patient
compliance to home oxygen therapy over time: (a) pre-
scription of oxygen for 24 hours/day in 16 patients and (b)
prescription of oxygen for �18 hours/day in 84 patients.
Dashed line: prescription; shaded area: 95% confidence
interval.
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Discussion

The results of this study indicated that, overall, com-

pliance to home oxygen therapy is suboptimal. Forty

percent of our patients did not use oxygen according

to their medical prescription.

We found only a few clinical characteristics at

treatment initiation that could predict adherence to

LTOT. This result may be related to the small sample

size and the consequent lack of power. The increased

adherence with aging may reflect increased percep-

tion of benefits or diminished mobility with more

opportunities to use oxygen at home. Exposure to

oxygen was better in those who own a portable oxy-

gen delivery system. We interpret this finding as an

indication of high motivation to adherence to home

oxygen through concentrator, as we have already

demonstrated, in a randomized placebo-controlled

trial, that the use of ambulatory oxygen is very limited

and has little effect on dyspnea, quality of life, and

exercise capacity.15 Contrary to what one could have

expected, smoking status and living in a seniors’ resi-

dence did not clearly predict compliance to home

oxygen, although both variables approached statisti-

cal significance in the univariate analyses (Table 4).

Several other studies have investigated the issue of

adherence to home oxygen in COPD (Table 5). Their

results are remarkably homogeneous. In the three

studies that included, as we did, patients from the

initiation of oxygen therapy,5,10,13 exposure to home

oxygen was similar when compared to the other

cross-sectional studies. Among them, one study

investigated the change in adherence over time. In

this small study that included only 23 patients with

COPD, 48% used LTOT for�15 hours/day in the first

month of treatment; this proportion decreased to 25–

33% in the following months.13 This is in contrast

with our finding that the mean daily exposure to oxy-

gen remained stable throughout the study period in

those who were prescribed it for �18 hours/day.

However, it decreased over time in those who were

prescribed 24 hours/day, demonstrating that perma-

nent oxygen therapy cannot be achieved.

The problem of adherence to home oxygen is com-

plex. Predictors of the effective use of oxygen have

been identified, including supplemental education on

home oxygen therapy by a nurse or physiotherapist,

smoking cessation, and the absence of side effect

from oxygen treatment.9 Several qualitative studies

have demonstrated that patients’ perception of oxygen

therapy may be positive, but is often negative,17 a

situation that does not foster treatment adherence.

However, little is known about interventions aiming

at improving patients’ compliance to LTOT.

Although formal assessment at baseline and training

as well as close follow-up may be effective in max-

imizing exposure to oxygen,10 behavioral and psycho-

logical interventions have not been investigated.

Does strict adherence to home oxygen really matter

to improve survival? It probably does, because the

nocturnal oxygen therapy trial (NOTT) demonstrated

that 18 hours/day of exposure to oxygen is better than

12. What about 15 versus 20 hours/day or 18 versus

20? The comparison of the American and the British

trials provided only indirect evidence that the benefit

of oxygen is “dose dependent.” It is noteworthy that

adherence to oxygen was not measured in the British

Table 4. Comparison of adherent versus non-adherent patients.

Compliant (n ¼ 69) Noncompliant (n ¼ 46) p Value

Male patients, n (%) 31 (45) 21 (46) 1.0
Age (years), mean (SD) 75 (9) 71 (9) 0.03
FEV1% pred, mean (SD) 40 (16) 47 (21) 0.12
Current smokers, n (%) 8 (12) 12 (26) 0.08
PaO2, mean (SD) 50 (5) 51 (5) 0.44
PaCO2, mean (SD) 48 (10) 47 (10) 0.83
Living in a seniors’ residence, n (%) 22 (33) 8 (18) 0.08
Living alone, n (%) 28 (41) 14 (31) 0.32
Ambulatory oxygen, n (%) 29 (45) 12 (28) 0.10
Anxiety, n (%) 16 (23) 10 (22) 1.0
Depression, n (%) 8 (12) 5 (11) 1.0
Charlson score, mean (SD) 5.7 (2.0) 5.4 (2.1) 0.56

PaO2: arterial partial pressure of oxygen; PaCO2: arterial partial pressure of carbon dioxide; FEV1: forced expiratory volume in 1
second; SD: standard deviation.
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trial and its “15-hour” arm did not necessarily repre-

sent the actual exposure to oxygen but only its pre-

scription. In this trial, 500 days elapsed before any

effect of continuous oxygen therapy appeared, when

compared to no oxygen therapy at all.1 This suggests

that the benefits of LTOT are slow to reveal and that

the dose–response relationship is difficult to uncover.

This demonstration will not come from randomized

trials. Such evidence can only be derived from large

population-based cohorts with careful and extended

prospective follow-up with serial measurements of

time of exposure.

Our study has obvious limitations. It is a retrospec-

tive study based on chart review. We may have over-

estimated the average daily use of oxygen if patients

let their oxygen concentrator running while not wear-

ing their oxygen cannula. Time of exposure to porta-

ble oxygen was only estimated from administrative

data. It nevertheless corresponds to the results of a

randomized trial that were prospectively and carefully

measured.15 Also, hospitalizations may have occurred

between home visits without being recorded. This

situation would impact our measure of compliance

by both underestimating the number of hours of oxy-

gen exposure (the numerator) and falsely inflating the

number of days at home (the denominator). For com-

parison, we used the results of a Canadian study of

resource use in COPD that included patients with

severe COPD (mean age: 68 + 9; mean FEV1: 44

+ 14%).18 In this study, a subgroup of patients on

LTOT was not at higher risk of hospitalization than

those who were not oxygen dependent. We were reas-

sured by our finding that the proportion of patients

hospitalized and the total number of hospitalizations

in our study was actually higher than expected from

this Canadian study. We interpret this as an indication

that the number of missed hospitalizations, if any, is

probably small. Also, our study did not examine the

patients’ experience with LTOT.

Our results have implications for practice and for

research. Compliance issues must be discussed with

the patients and their families at treatment initiation.

The same questions regarding compliance to oxygen

certainly apply to patients who receive oxygen ther-

apy for conditions other than COPD (such as lung

fibrosis) or for COPD patients who receive oxygen

for other indications (such as nocturnal oxygen for

isolated nocturnal desaturation). This is currently

being investigated in a randomized trial of nocturnal

oxygen therapy in COPD (the INOX trial; http://Clin

icalTrials.gov NCT01044628). Further research

should explore quality of life and clinical outcomes,

treatment and health-care barrier, education improve-

ment as well as the psychosocial, emotional, and

behavioral domains.3
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