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ABSTRACT: Long-term oxygen therapy (LTOT) improves survival in patients
with hypoxaemic chronic obstructive pulmonary disease (COPD), but previous
studies using general health measures have shown no effect on quality of life (QoL).
In this study, the effect of LTOT on QoL was assessed using a disease-specific
health measure, the St George's Respiratory Questionnaire (SGRQ).

Twenty three hypoxaemic COPD patients (15 females and 8 males) were stud-
ied before and after starting LTOT: median age 71 (range 47–82) yrs, mean (SD)
forced expiratory volume in one second (FEV1) 0.75 (0.22) L, arterial oxygen ten-
sion (Pa,O2) 6.95 (0.75) kPa, arterial carbon dioxide tension (Pa,CO2) 6.52 (1.21)
kPa. A control group comprised 18 COPD patients (6 females and  12 males) with
less severe hypoxaemia: median age 72 (range 58–85) yrs, FEV1 0.94 (0.33) L, Pa,O2
8.17 (0.94) kPa, Pa,CO2 6.02 (0.75) kPa. QoL was measured at baseline, 2 weeks, 3
and 6 months.

The LTOT group had higher SGRQ total scores than controls (p<0.05) at all
visits, implying lower QoL. Repeated measures analysis of variance showed no
effect of LTOT on QoL over 6 months (F=0.43, p=0.79).

In this study we detected no change in quality of life using a disease-specific
health measure in patients with severe chronic obstructive pulmonary disease using
an oxygen concentrator to provide long-term oxygen therapy.
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Long-term oxygen therapy (LTOT) is a well-estab-
lished treatment for patients with chronic obstructive
pulmonary disease (COPD) and severe hypoxaemia. Two
large, randomized studies, the British Medical Research
Council (MRC) study and the Nocturnal Oxygen
Therapy Trial (NOTT) study from the USA, published
in the early 1980s, established that LTOT for at least
15 h·day-1 can reduce mortality in these patients [1,
2]. Other studies have shown physiological benefits of
LTOT, including reduction of pulmonary hypertension
and secondary polycythaemia [3–6], and improvements
in neuropsychological function [7, 8].

In addition to having a poor prognosis, patients with
severe hypoxaemia and COPD suffer considerable func-
tional disability. Several studies have shown that quality
of life is impaired in patients with COPD and hypox-
aemia [9–11]. Furthermore, in patients with moderate-
to-severe hypoxaemia, the quality of life score is related
to the degree of hypoxaemia when measured using a
disease-specific questionnaire [12]. However, the effect
of LTOT on quality of life has not been clearly estab-
lished. In an ancillary study to the NOTT study, there
was no improvement in quality of life over 6 months in
patients with hypoxic COPD treated with oxygen com-
pared to age-matched controls without COPD [8]. This
study used a general health questionnaire, the Sickness

Impact Profile (SIP) [13]. In a recent study, this ques-
tionnaire did not discriminate between patients with dif-
ferent levels of hypoxia in contrast to a disease-specific
measure whose scores were correlated with arterial oxy-
gen tension Pa,O2 [12]. It is possible that the use of an
oxygen concentrator for the provision of LTOT might
reduce a patients' quality of life by causing problems,
such as restricted mobility, noise disturbance, and sore
nose or ears from the use of nasal cannulae [14].

The aim of the present study was to assess the effect
of LTOT on quality of life in patients with hypoxaemia
and COPD using a disease-specific measure of life qual-
ity, the St George's Respiratory Questionnaire (SGRQ)
[15], as well as the SIP. Quality of life scores for the
patients using LTOT were compared with scores for a
control group of patients with severe COPD but with-
out severe hypoxaemia, who therefore did not require
LTOT. Since emotional dysfunction is common in
patients with COPD [16, 17] anxiety and depression
were also measured.

Methods

The patients studied met the standard eligibility cri-
teria for the prescription of LTOT. A group of 23 patients



(15 females and 8 males) of median age 71 yrs (range
47–82 yrs) were selected from out-patient chest clinics
in the East London area. All patients had a diagnosis of
COPD,  a forced expiratory volume in one second (FEV1)
<1.5 L, and a Pa,O2 <7.3 kPa when stable or a Pa,O2
<8.0 kPa with evidence of cor pulmonale (oedema and
electrocardiographic (ECG) changes of right ventri-
cular hypertrophy). All patients had been free from acute
exacerbations for at least 3 weeks before entry into the
study. Blood gas values and spirometry were assessed
on two occasions, at least 3 weeks apart, to confirm stabi-
lity. Exclusion criteria were: age <45 yrs; and inability
to understand or complete quality of life questionnaires.
Patients were assessed with arterialized capillary blood
gas estimation [18], spirometry and quality of life ques-
tionnaires.

The quality of life questionnaires used were the SGRQ,
the SIP and the Hospital Anxiety and Depression Scale
(HADS) [19]. The SGRQ produces three component
scores, symptoms, activity and impacts, as well as a
total score. The SIP has a global score for physical func-
tioning (physical) and for psychosocial functioning (psy-
chosocial), and it also provides an overall total score
(total). Each of the scores for the SGRQ and SIP have
a possible range of 0–100, higher scores indicate poorer
quality of life. The HADS produces a score for anxiety
and a score for depression, higher scores indicate high-
er levels of anxiety or depression and the maximum for
each score is 21. An individual with a score above 8–10
is likely to suffer from clinically significant anxiety or
depression [19].

The patients were assessed at baseline and were then
prescribed oxygen concentrators for the provision of
LTOT for at least 15 h·day-1. Patients were reassessed
after 2 weeks, 3 and 6 months. Prior to commencing
LTOT, all patients were stabilized on optimal medical
therapy for COPD. During the study period, patients
received normal therapy for COPD and were appropri-
ately treated for exacerbations. Compliance with LTOT
was assessed by direct questioning of the patients and by
meter readings. Ambulatory oxygen was not prescribed
for any of the patients during the course of the study.

It would have been unethical to withhold LTOT from
patients with severe hypoxaemia for the proposed dura-
tion of the study. Therefore, a control group of 18 patients
(6 females and 12 males) with less severe hypoxaemia
were chosen from the patients attending the chest clinic
at the London Chest Hospital over the same time peri-
od. These patients also had COPD, with a FEV1 <1.5 L,
and were hypoxaemic but did not satisfy the British
Department of Health criteria for prescription of LTOT
[20]. The control group had median age 72 yrs (range
58–85 yrs). These patients were assessed in the same
manner and at the same intervals as the study group,
but were not prescribed LTOT. None of the control
group used ambulatory oxygen or intermittent oxygen
from cylinders during the course of the study.

All assessments of both groups were made by the same
person. Questionnaires were self-completed under super-
vision. During the study, none of the patients received
home follow-up visits by respiratory health workers, and
no patients participated in pulmonary rehabilitation pro-
grammes. None of the patients were started on anxiolytic
or antidepressant therapy. Patients were not commenced

on home nebuliser therapy during the study, nor were
they started on long term oral steroids.

The study was approved by the Ethics Committee of
the Royal Brompton National Heart and Lung Hospitals,
and all patients gave written informed consent to par-
ticipation in the study.

Statistical analysis

In this study, scores for anxiety and depression were
not normally distibuted, and so the comparison between
study group and control group in baseline anxiety and
depression scores was made using the Mann-Whitney
U-test. The distribution of all other variables approxi-
mated to a normal distribution, so that parametric tests
were used. Analysis of variance (ANOVA) of repeated
measures was used to investigate the effect of oxygen
therapy on quality of life.

Results

Physiological variables

At the time of enrolment into the study the mean (SD)
values for the study group were FEV1 0.75 (0.22) L,
Pa,O2 6.95 (0.75) kPa, Pa,CO2 6.52 (1.21) kPa; values
for the control group were FEV1 0.94 (0.33) L, Pa,O2
8.17 (0.94), Pa,CO2 6.02 (0.75) kPa. The values for Pa,O2,
arterial carbon dioxide tension (Pa,CO2) and FEV1 are
presented in table 1. The study group had more severe
hypoxaemia than the control group (p<0.001). There
was no significant change in blood gas values breath-
ing room air or in spirometry during the course of the
study either for the study group or the control group.

Mortality

During the study, four of the study patients and one
of the control patients died. Results from those patients
who died are not considered in the analysis.

Quality of life measurements

The mean scores for the SGRQ in both groups through-
out the study are presented in table 2, and the corre-
sponding SIP scores in table 3.
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Table 1.  –  Physiological variables for the sudy group
(n=19) and control group (n=17)

Baseline 2 weeks 3 months 6 months

Study group
Pa,O2 kPa 7.0 (0.8) 7.2 (0.8) 7.0 (0.6) 7.0 (0.7)
Pa,CO2 kPa 6.7 (1.2) 6.8 (0.9) 6.7 (0.8) 6.7 (1.0)
FEV1 % pred 40 (17) 37 (15) 39 (18) 38 (17)

Control group
Pa,O2 kPa 8.3 (0.9) 8.2 (0.9) 8.2 (0.8) 8.0 (0.8)
Pa,CO2 kPa 6.0 (0.8) 5.9 (0.7) 5.8 (0.6) 5.9 (0.7)
FEV1 % pred 43 (13) 42 (12) 44 (14) 40 (11)

Values are presented as mean, and SD in parenthesis. Pa,O2: arte-
rial oxygen tension; Pa,CO2: arterial carbon dioxide tension;
FEV1: forced expiratory volume in one second; % pred: per-
centage of predicted value.



LTOT AND QOL IN COPD AND SEVERE HYPOXAEMIA

At the start of the study, the mean (SD) SGRQ Total
Scores were 61.8 (18.3) for the study group and 45.8
(15.5) for the control group, implying that the study
group, with more severe hypoxaemia, had a significantly
worse quality of life (p=0.008). Similarly, the SIP Total
Score at the start of the study, 17.9 in the study group
and 10.9 in the control group, again suggested that the
study group had a significantly worse quality of life
(p=0.016).

After 2 weeks of treatment, the study group had a
mean (SD) improvement in SGRQ Total Score of 6.8
(12.7) compared to an improvement of 4.0 (10.7) in the
control group. This improvement was not significantly
different in the two groups (p=0.48). After 6 months
of treatment, the study group had a very small improve-
ment of 1.3 (14.5) in the SGRQ total score, which was
not statistically significant (p=0.69). This was not sig-
nificantly different from the mean deterioration in SGRQ
total score seen in the control group of 2.9 (13.4) over
the same time period (p=0.38). Repeated measures
ANOVA showed no statistically significant effect of
LTOT on SGRQ total score over the 6 months (p=0.79).

A similar picture was seen with the SIP scores. After
2 weeks of treatment, the study group had a small
improvement in SIP total score of 1.0 (5.7) compared
to an improvement of 2.9 (3.1) in the control group.
The improvement was not significantly different between
the two groups (p=0.11). After 6 months of treatment,
there was no significant change in the mean SIP total

score for the study group (p=0.84). This change was not
significantly different from the small deterioration in
SIP score seen in the control group over the same time
period: mean deterioration in SIP total for the study
group 0.3 (6.9); mean improvement in the control group
2.1 (4.0) (p=0.21). ANOVA for repeated measures
showed no statistically significant effect of LTOT on
SIP total score over the 6 months (p=0.74).

No significant correlations were found between changes
in Pa,O2 and changes in quality of life scores.

Emotional dysfunction

The anxiety scores in the study group were signifi-
cantly higher at baseline compared to the control group.
The median anxiety score for the study group was 7 (in-
terquartile range 4–10); whereas, the median score for
the control group was 3 (1–7) (p=0.006). After 6 months
of LTOT, the study group had a significant improve-
ment in anxiety score compared to controls: study group
-0.9 (4.7); control group +1.8 (2.3) (p=0.034).

The depression score in the study group at baseline
was not significantly different from that of the control
group: study group median score 6 (interquartile range
3–9); control group 4 (3–6) (p=0.077). The mean change
in depression scores after 6 months was not significantly
different between groups: study group +0.7 (2.6); con-
trol group +1.2 (2.9) (p=0.64).

Oxygen use

Mean (SD) daily use of the oxygen concentrators in
the study patients was 16.7 (3.7) h according to meter
readings and 17.1 (2.9) h on direct questioning of the
patients. The median flow rate of oxygen used was 2
L·min-1 (range 1–4 L·min-1). The mean (SD) Pa,O2 while
using oxygen at the prescribed flow rate was 8.77 (0.59)
kPa.

Discussion

Long-term oxygen therapy has a beneficial effect
on survival in patients with COPD and severe hypox-
aemia [1, 2]. This study supports the view that LTOT
provided by an oxygen concentrator does not adversely
affect quality of life. Patients receiving LTOT had a
slightly greater improvement in their quality of life com-
pared to the control group, but this was not statistically
significant during the study period. The compliance mea-
surements in the study group suggest that the patients
used enough oxygen to expect some benefit in terms of
survival.

The present findings are in general agreement with
previous studies into the effect of LTOT on quality of
life. In the NOTT study using a general health measure
(the SIP), a statistically significant improvement in qual-
ity of life was shown after 6 months, when considering
those patients receiving continuous oxygen and those
patients receiving only nocturnal oxygen as a combined
group [2]. However, the changes were not large and the
authors suggested that improvements might have been
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Table 2.  –  St George's Respiratory Questionnaire (SGRQ)
scores during the course of the study for the study group
(n=19) and control group (n=17)

Baseline 2 weeks 3 months 6 months

Study group
SGRQ Total 61.8 (18.3) 55.0 (13.7) 55.9 (12.1) 60.5(16.5)
Symptoms 71.2 (19.6) 74.5 (16.7) 74.2 (13.9) 75.3(16.1)
Activities 68.9 (18.7) 70.6 (17.9) 64.7 (14.1) 70.7(17.4)
Impacts 54.1 (25.5) 40.0 (18.0) 45.1 (18.3) 50.0(21.8)

Control group
SGRQ Total 45.8 (15.5) 41.8 (17.7) 44.3 (17.4) 48.7(17.3)
Symptoms 55.4 (24.2) 56.2 (25.2) 52.9 (25.4) 60.8(20.7)
Activities 60.5 (20.7) 59.2 (24.9) 56.8 (22.5) 61.9(22.9)
Impacts 34.1 (17.1) 27.5 (16.8) 34.4 (18.1) 37.4(18.2)

Values are presented as mean, and SD in parenthesis.

Table 3.  –  Sickness Impact Profile (SIP) scores during
the course of the study for the study group (n=19) and
control group (n=17)

Baseline 2 weeks 3 months 6 months

Study group
SIP Total 17.9 (8.5) 16.9 (8.6) 16.0 (7.0) 18.2 (9.1)
Physical 17.0 (9.2) 18.7 (10.1) 17.0 (7.1) 18.0 (9.5)
Psychosocial 15.6 (11.6) 14.0 (10.5) 13.0 (10.1) 16.4 (12.8)

Control group
SIP Total 10.9 (8.0) 8.0 (6.0) 7.8 (6.5) 8.6 (6.4)
Physical 10.3 (9.4) 8.6 (6.8) 8.4 (8.7) 9.1 (8.3)
Psychosocial 9.1 (8.4) 4.7 (5.2) 5.1 (5.3) 6.2 (5.3)

Values are presented as mean, and SD in parenthesis.
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due to the more intensive medical and nursing care which
the patients received. Data were not given for the con-
tinuous oxygen therapy group alone. The NOTT study
did not include untreated controls, but in a separate
analysis the NOTT study patients receiving either con-
tinuous oxygen therapy or nocturnal oxygen therapy
were compared to normal people without COPD of the
same age and social background [8]. In the latter study,
the SIP was used to measure quality of life, and the
Profile of Mood States (POMS) [21] to measure total
mood disturbance. The authors reported no significant
difference between groups in their changes in score from
the POMS or the SIP. In one uncontrolled study there
was no effect of LTOT on general activity and inde-
pendence, depression or coping skills over a 6 month
period [22]. However, another uncontrolled study show-
ed that 83% of patients with an oxygen concentrator
for the provision of LTOT felt that their general well-
being had improved because of the treatment [23].

The findings of the NOTT study in relation to qual-
ity of life emphasize the importance of a control group,
but this raises ethical difficulties. As the benefits of
LTOT on survival are proven, it would not have been
ethically acceptable to withhold LTOT for 6 months
from patients who had a Pa,O2 <7.3 kPa. In the present
study, the patient group was selected on the basis of
severe hypoxaemia, whereas the control group had less
severe hypoxaemia but were otherwise closely matched
to the LTOT patients, in practice the difference in Pa,O2
was only 1.3 kPa.

There are a few reasons why we may have failed to
detect a real quality of life gain with LTOT. Firstly, the
questionnaire may not have been appropriate, although
the SGRQ has been developed and validated for COPD,
and has recently been shown to correlate with degree
of hypoxaemia [12]. Secondly, the questionnaire may
have been unresponsive, but the SGRQ has been shown
to respond to spontaneous changes in health over time
[15], and has recently been shown to respond to the use
of nasal intermittent positive pressure ventilation in
patients with hypercapnic, hypoxaemic COPD [24].
Thirdly, the study may have had insufficient power to
detect a small improvement in quality of life. A change
of four points on the SGRQ total score is thought to be
significant [25]. To have a 95% chance of detecting
such a change compared to the control group, we cal-
culate that a study involving 300 patients treated with
LTOT would be required. We conclude that any quali-
ty of life gains with LTOT are small. The question of
whether certain subgroups of patients may benefit in
terms of quality of life arises. We were unable to find
any particular group which had a clear benefit. Quality
of life changes were not related to the degree of hyper-
capnia, FEV1 or age in this study. Furthermore, when
each component of the SGRQ and the SIP was consi-
dered, there were no statistically significant differences
between the study group and the control group in terms
of the mean change after 6 months in any component
score.

Patients with COPD and severe hypoxaemia may suf-
fer from anxiety and depression, and this is associated
with decreased exercise tolerance [26]. In this study, the
more severely hypoxaemic group initially had higher
mean scores for anxiety and depression than the control

group. After six months, the study group had become
less anxious and the control group had become more
anxious. The mean change in anxiety scores was sta-
tistically significant between groups. However, the sug-
gestion that LTOT may have a beneficial effect on
anxiety levels should be treated with caution, in view
of the smallness of the effect. Depression scores after
6 months were higher both in the study and control
groups, and there was no significant difference between
groups in terms of changes in mean depression score.

The selection of a control group was difficult in this
study. As mentioned previously, it would have been
unethical to withhold oxygen therapy from severely
hypoxaemic patients. The use of a group of patients
with less severe hypoxaemia as a control group means
that the study is unable to demonstrate whether LTOT
prevents a deterioration in certain consequences of hypo-
xaemia, such as oedema, muscular atrophy and neuro-
psychiatric impairment. Another limitation of the present
study is the fact that the LTOT group used an oxygen
concentrator, whereas the control group did not. It is
possible that the patients in the LTOT group were more
restricted in activities of daily living than the control
group as a result of using an oxygen concentrator, since
this might be expected to make them stay at home more
and reduce their overall exercise level. Therefore, the
study design does not allow us to comment on the effect
of LTOT on quality of life if LTOT is provided by other
delivery methods allowing greater mobility, such as
liquid oxygen cylinders.

In conclusion, the present findings add to the evidence
that long-term oxygen therapy does not reduce quality
of life in patients with chronic obstructive pulmonary
disease complicated by severe hypoxaemia but, equally,
long-term oxygen therapy does not seem to have a major
beneficial effect on quality of life. In this study, patients
were not using ambulatory oxygen therapy. It is possi-
ble that the facility to use ambulatory oxygen might
improve quality of life in these patients [27], although
in the Nocturnal Oxygen Therapy Trial study patients
did use ambulatory oxygen and no benefit on quality of
life was shown [8].
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