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ABSTRACT  This review aims to establish the impact of oxygen therapy on dyspnoea, health-related
quality of life (HRQoL), exercise capacity and mortality in interstitial lung disease (ILD).

We included studies that compared oxygen therapy to no oxygen therapy in adults with ILD. No
limitations were placed on study design or intervention type. Two reviewers independently evaluated
studies for inclusion, assessed risk of bias and extracted data. The primary outcome was dyspnoea.

Eight studies evaluated the acute effects of oxygen (n=1509). There was no effect of oxygen therapy on
modified Borg dyspnoea score at end exercise (mean difference (MD) —0.06 units, 95% CI —0.24-0.13;
two studies, n=27). However, effects on exercise outcomes consistently favoured oxygen therapy. One
study showed reduction in dyspnoea at rest with oxygen in patients who were acutely unwell (MD visual
analogue scale 30 mm versus 48 mm, p<0.05; n=10). Four studies of long-term oxygen therapy (n=2670)
had high risk of bias and no inferences could be drawn.

This systematic review showed no effects of oxygen therapy on dyspnoea during exercise in ILD,
although exercise capacity was increased. Future trials should evaluate whether acute improvements in
exercise capacity with oxygen can be translated into improved physical activity and HRQoL.

Introduction

The interstitial lung diseases (ILDs) are characterised by scarring and fibrosis of lung tissue with varying
degrees of hypoxaemia. Common symptoms include severe cough and dyspnoea. Despite recent advances
in pharmacotherapy, many patients with ILD have limited treatment options [1]. Oxygen therapy is
commonly prescribed for people with ILD, with the aim of reducing breathlessness and increasing physical
capacity through improved gas exchange. Despite its frequent use there is a lack of evidence supporting
the effectiveness of oxygen therapy in ILD. A previous systematic review included only one small study of
long-term oxygen therapy (LTOT) that remains unpublished and which concluded there was no effect on
survival [2]. However, there is a well-accepted relationship between use of LTOT and improved health
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outcomes in people with chronic obstructive pulmonary disease (COPD) [3, 4], raising the possibility that
LTOT could have similar effects in ILD. A recent review of ambulatory oxygen therapy in ILD excluded
several trials that examined the effects of oxygen during exercise testing in ILD, such that no conclusions
could be drawn regarding its impact on symptoms or exercise capacity [5]. The aim of this review was to
establish the impact of oxygen therapy on dyspnoea, health-related quality of life (HRQoL), exercise
capacity and mortality in ILD.

Methods

As few studies were expected, controlled, noncontrolled and crossover trials were included. Case studies
were excluded. Exclusions were studies not written in English and mixed populations (e.g. ILD and
COPD), where data from the ILD subgroup were not reported separately. Only studies published in the
peer-reviewed literature were included; abstracts were not included.

Individuals aged >18 years with any type of ILD were included, regardless of disease severity. Diagnosis of
ILD was made according to the investigators’ definition.

All types of oxygen therapy were included. This included but was not limited to long-term oxygen therapy
(LTOT), defined as prescription of oxygen for >15 h per day; short-term oxygen therapy, including but not
limited to ambulatory oxygen therapy, short-burst oxygen therapy, nocturnal oxygen therapy and oxygen
therapy during exercise or exercise training. Results for each type of oxygen therapy were analysed separately.

Outcomes

The primary outcome measure was dyspnoea, measured using any validated tool. Secondary outcomes
included HRQoL measured by disease-specific or generic questionnaires; assessment of mood disturbance,
such as anxiety or depression; functional or maximal exercise capacity, assessed by laboratory-based or
field exercise tests; physical activity, using subjective or objective assessment tools; need for lung
transplantation; and mortality.

Data collection and analysis
Databases searched were Medline, Embase and Cochrane, from inception until March 2016. Detailed
search strategies are listed in the online supplementary material.

Search results were reviewed by title and abstract by two reviewers independently. Results were classified as
“include”, “unclear” or “exclude”. All articles deemed “include” or “unclear” were retrieved in full text and
assessed by the two reviewers using a standardised data extraction form. Disagreement was resolved by
consensus. Reviewers independently assessed each study for risk of bias according to the Cochrane
Handbook for Systematic Reviews of Interventions [6] across the domains of selection bias, performance
bias, detection bias, attrition bias and reporting bias.

Where data were clinically homogenous, a pooled quantitative analysis was performed using Review Manager 5
software (http://community.cochrane.org/tools/review-production-tools/revman-5). Only randomised trials
were considered for meta-analysis. A fixed or random effects model was used, depending on assessment of
heterogeneity.

Continuous variables were expressed as weighted mean difference with 95% confidence interval or as a
standardised mean difference for outcomes that could not be aggregated into a common unit of measure.
Generic inverse variance methods were used for crossover trials, where mean difference between groups
and standard error of the difference between groups were calculated [6]. Where data were available in
crossover trials, the mean difference between oxygen and air and its 95% confidence interval were
calculated using methods for paired data [7]. Where data could not be pooled due to study design or
clinical heterogeneity, a narrative review was performed.

Results

3285 articles were identified from the search (figure 1). After record screening, 69 articles were identified
to be reviewed as full text. Seven additional articles were found by reviewing reference lists. A total of 13
reports of 12 studies [8-20] met the inclusion criteria.

Trial characteristics

There were no randomised controlled parallel group trials (RCTs) in the 12 included studies (online
supplementary table S1). Short-term oxygen therapy was assessed in nine reports [8-15, 20], two of which
appeared to be the same study [8, 9], and LTOT in four studies [16-19]. Seven (86%) out of eight studies
of short-term oxygen therapy assessed its effects during an acute bout of exercise. A single study assessed
the effect of supplemental oxygen on dyspnoea at rest [10]. No studies evaluated nocturnal oxygen
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therapy, ambulatory oxygen therapy or oxygen therapy during exercise training. There were no
randomised studies of LTOT. Three studies of short-term oxygen therapy were randomised crossover trials
[10, 11, 15]. Six studies used retrospective data [13, 14, 16-18, 20].

Participants

4185 individuals with ILD were included. Sample sizes ranged from seven [11] to 2117 participants [17].
Mean age of participants ranged from 47 years [9] to 74 years [15]. The percentage of male participants
ranged from 55% [17] to 94% [9]. Participants generally had moderate to severe disease, with mean forced
vital capacity ranging from 58% predicted [13] to 72% pred [12] and diffusing capacity of the lung for
carbon monoxide ranging from 26% pred [13] to 57% pred [15].

Short-term supplemental oxygen

Studies of short-term supplemental oxygen were compared to control groups administered medical air
[8-13, 15] or the participants’ usual dosage of oxygen [14, 20] (range 0-6 L-min™"). Trials of short-term
oxygen during acute bouts of exercise were undertaken using oxygen flow rates of 4-7 L-min™" [12, 15] or
using oxygen prescribed at an “optimal” level (maintaining arterial oxygen saturation measured by pulse
oximetry >90%) [14]. Exercise test conditions utilised for the assessment of short-term oxygen were 6-min
walk test (6MWT) [13-15, 20] or laboratory based cardiopulmonary exercise testing (CPET) [8, 9, 11, 12].

Lot

Four studies assessing LTOT in ILD included 2670 individuals [16-19]. Two uncontrolled studies reported
survival rates over >12 months [16, 17]. Another retrospective review (n=487) compared survival in those
who were recommended oxygen therapy and those who were not, with follow-up of up to 4 years [18].
One uncontrolled study evaluated HRQoL at baseline and >1 year later in 46 individuals with idiopathic
pulmonary fibrosis (IPF), and reported its relationship to oxygen use [19].

Risk of bias in included studies

Only three of the included studies had random allocation, all of which randomised the treatment order of
short-term oxygen therapy versus control in crossover trials [10, 11, 15]. One study had random allocation
for the endurance test but not CPET [9]. Overall, studies scored poorly in performance and detection bias
due to lack of blinding. Studies generally scored well in the domains of attrition and reporting. A summary
of the risk of bias is presented in figure 2 and a full description is given in online supplementary table S2.
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FIGURE 2 Summary of risk of bias assessment.

Effects of interventions

Short-term supplementary oxygen

Primary outcome

Six studies of short-term supplemental oxygen reported outcomes for dyspnoea, five of which were
conducted during exercise and one at rest (online supplementary table S3) [10, 11, 13-15, 20]. Dyspnoea
was commonly measured using the modified Borg scale (n=5); however not all studies were suitable for
meta-analysis due to variation in methodology, particularly lack of randomisation of treatment order. A
single study assessing resting dyspnoea in hospital inpatients used a visual analogue scale (VAS) [10].

A meta-analysis was performed with two placebo-controlled studies that employed a random order of oxygen
versus air during an acute bout of exercise [11, 15]. This comparison demonstrated no effect of oxygen therapy
on dyspnoea, with overall mean (95% CI) difference of —0.06 units (—0.24-0.13) on the modified Borg scale at
the end of exercise (figure 3). Two retrospective studies without randomised ordering showed inconsistent
results of oxygen on Borg dyspnoea at the end of the exercise test, with one reporting no difference [14] and
the other reporting a mean reduction in Borg dyspnoea of one point (p<0.00001) [13]. A retrospective review
of 3126 patients with fibrotic ILD found that patients who used oxygen during a 6MWT had significantly
more dyspnoea at the end of the test than those who did not use oxygen, regardless of whether or not they
desaturated during the test (desaturators: oxygen versus non-oxygen users modified Borg score 4.3+2.0 versus
3.4+1.7 units, p<0.0001; non-desaturators: oxygen versus non-oxygen users 3.4+1.9 versus 2.4+1.6 units,
p<0.0001) [20]. In patients with ILD who were hospitalised, breathing 28% oxygen via a face mask
significantly decreased dyspnoea on a 100-mm VAS (mean 30.2 mm versus 48.1 mm, p<0.05) [10].

Secondary outcomes

The effect of supplemental oxygen on peak work capacity during CPET was investigated in three crossover
trials (four reports) [8, 9, 11, 12]. In the only randomised trial, supplemental oxygen significantly
improved peak work capacity by a mean (95% CI) 17 (10.60-23.40) W compared to medical air (online
supplementary table S4) [11]. This is consistent with the results of the non-randomised studies [8, 9, 12],
although only one [12] reached statistical significance.

Oxygen Air Mean difference Mean difference

Study or subgroup Mean difference st total total Weight % 1V, fixed, 95% Cl |V, fixed, 95% ClI

Harris-Eze [11] 0+£0.1028 20 20 86.1 0.00 (-0.20-0.20) —.—

NisHivama [15] -0.4+0.2555 7 7 13.9  -0.40(-0.90-0.10) _—

Total (95% CI) 27 27 100.0 -0.06 (-0.24-0.13)

Heterogeneity: Chi-squared=2.11, df=1 (p=0.15); 12=53% <@

Test for overall effect: Z=0.58 (p=0.56) . . . .
-1 -0.5 0 0.5 1
Favours oxygen Favours air

FIGURE 3 Effect of oxygen compared to air on modified Borg scale in randomised crossover trials.
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Two studies reported measurement of peak oxygen uptake (VO,peak) (online supplementary table S5) [9, 11].
One trial with randomised order reported significantly greater VO,peak when breathing oxygen compared to
medical air (1.58 L-min~" versus 1.32 L-min™", p<0.05) [11]. The remaining trial [9] did not report the data
for VO,peak while breathing oxygen.

One study (two reports) investigated the effect of short-term supplemental oxygen on cycle endurance time
[8, 9], assessed at 80% of maximal work-rate using 60% oxygen versus air. Mean (95% CI) improvement in
endurance time when breathing 60% oxygen was 6 (3.64-8.26) min (online supplementary table S6).

The effect of supplemental oxygen on 6-min walking distance (6MWD) was investigated in four studies
(online supplementary table S7) [13-15, 20]. One placebo-controlled crossover trial with randomised order
of test conditions reported no significant improvement in 6MWD using oxygen compared to air (mean
(95% CI) improvement 13 (—24-50) m) [15]. In contrast, the two retrospective studies with non-
randomised order of test conditions and no participant blinding reported marked improvements in
6MWD in favour of oxygen of 81.2 m (p<0.01) [14] and 30.9 m (p<0.00001) [13]. A retrospective study
found that those patients who used oxygen during a 6MWT had a lower average 6MWD than those who
did not, regardless of whether they desaturated during the test (desaturators: oxygen versus non-oxygen
users 6MWD 320+117 m versus 431+113 m, p<0.0001; non-desaturators: oxygen versus non-oxygen users
332+102 m versus 435+96 m, p<0.0001) [20].

The outcomes of HRQoL, mood disturbance, need for lung transplantation or survival were not reported
in any of the studies of short-term supplemental oxygen.

A summary of the effect of short-term oxygen on outcomes in randomised trials is presented in table 1.

LTor
Primary outcome
Dyspnoea was not reported in any of the studies of LTOT.

Secondary outcomes

Survival was reported in three studies of LTOT (online supplementary table S8) [16-18]. All of these
studies demonstrated poor survival rates for those with ILD. One study reported that 50% of patients with
fibrosis or pneumoconiosis died within 1 year of commencing home oxygen or ventilation [17]. As these
trials were not randomised and two did not include comparison groups [16, 17], it was not possible to
directly evaluate the impact of LTOT on survival. However, an indirect comparison was made in one study
of 487 individuals with IPF, demonstrating an increased risk of death in those who had been
recommended oxygen therapy compared to those who had not (relative risk 2.0, 95% CI 1.5-2.6) [18].
This association was no longer present in a multivariate analysis controlling for age, sex, baseline
respiratory function and disease progression on respiratory function tests [18].

HRQoL was reported in a single study of LTOT [19]. Participants with ILD using LTOT demonstrated a
substantial decline in five out of eight categories on the 36-item short-form survey (SF-36). Participants
who did not require LTOT had a better HRQoL over the duration of the study. This study did not control
for the effects of disease severity on HRQoL.

TABLE 1 Summary of the effects of short-term oxygen compared to air in randomised trials

Outcome Studies Participants Estimate Study design

During exercise Borg dyspnoea score 2 27 —0.06 (-0.24-0.13) units lower Randomised,
with oxygen placebo-controlled, crossover

Peak work on CPET 1 7 17 (10.60-23.40) W higher with oxygen Randomised,
placebo-controlled, crossover

V0,peak on CPET 1 7 Mean 1.58 L-min~" on oxygen versus Randomised,
1.32 L-min~" on air, p<0.05 placebo-controlled, crossover

Cycle endurance time 1 16 6 (3.64-8.26) min longer with oxygen Randomised,
placebo-controlled, crossover

6MWD 1 20 13 (—24-50) m further with oxygen Randomised,
placebo-controlled, crossover

At rest 100 mm VAS 1 10 Mean 30.2 mm on oxygen versus Randomised,
48.1 mm on air, p<0.05 placebo-controlled, crossover

Data are presented as n or mean (95% Cl), unless otherwise stated. CPET: cardiopulmonary exercise test; Vo,peak: peak oxygen uptake; 6MWD:
6 min walk distance; VAS: visual analogue scale.
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No studies of LTOT reported outcomes for exercise capacity, mood disturbance or need for lung
transplantation.

Discussion

This systematic review identified 12 studies that evaluated the impact of oxygen therapy in people with
ILD. Short-term studies provided no consistent evidence that oxygen therapy administered during exercise
reduced the primary outcome of dyspnoea. Randomised placebo-controlled trials support the positive
impact of short-term oxygen therapy on exercise performance, although numbers of trials and participants
are low (table 1). There were no randomised trials of LTOT. The quality of the body of evidence was
limited by the retrospective nature of many studies, along with potential for selection bias and a lack of
blinding for both participants and assessors.

There are many possible reasons that oxygen therapy might be prescribed for an individual with ILD who
exhibits hypoxaemia at rest or during exertion, including reduction in dyspnoea, improved physical activity
and functional independence, better HRQoL, prevention of secondary pulmonary hypertension and right
heart failure and improved survival. We chose dyspnoea as the primary outcome of this review as it is an
outcome of importance to patients that significantly impacts upon the quality of their lives [21, 22]. The
mechanisms by which supplemental oxygen improves dyspnoea in hypoxaemic patients are not well
understood but could include changes in chemoreceptor activation, the related reduction in respiratory drive
and changes in breathing pattern, and/or stimulation of upper airway receptors by gas flow [23]. Despite a
reasonable physiological rationale, we found no consistent evidence of an effect of short-term oxygen
therapy on dyspnoea during exercise. One small but well-conducted study in acutely unwell hospitalised
patients demonstrated a reduction in dyspnoea on VAS with oxygen at rest [10], which exceeded the
minimal important difference [24]. However, it is not clear whether these results could be extrapolated to
stable patients. In addition, the dyspnoea rating scales used during these short-term studies (Borg and VAS)
reflect dyspnoea at a single point in time and are unlikely to capture the broader impact of dyspnoea on
daily life. We found more consistent evidence for acute effects of short-term oxygen therapy on exercise
performance for both maximal and endurance measures. While the only randomised trial to assess 6 MWD
[15] did not show improvements in this outcome that exceeded the minimum important difference [25],
laboratory exercise measures from randomised, placebo-controlled crossover studies showed improvements
with oxygen that were clinically important (table 1). Our findings differ from those of a recent Cochrane
systematic review [5] on ambulatory and short-burst therapy that excluded these well conducted laboratory
studies, and as a result they did not report the improvements in exercise capacity with oxygen seen in this
review. Our results could inform discussions with patients regarding treatment aims; it is possible that
patients using oxygen therapy on exertion could experience improvements in their physical capacity without
noticeable improvement in symptoms. However, the absence of trials of ambulatory oxygen in ILD, where
oxygen is used during the activities of daily living, makes it difficult to provide assurances that improved
exercise capacity would be translated into improved physical activity levels in daily life.

International guidelines currently make a strong recommendation in favour of LTOT for people with IPF
[26]. The guideline authors acknowledge the lack of studies supporting a survival benefit from LTOT,
relying on indirect evidence from trials that include patients with obstructive lung disease. The two studies
included in this review that compared patients using LTOT and those without LTOT were unable to
identify benefits for survival or quality of life, and outcomes appeared worse in those treated with oxygen;
however, these results are highly confounded, as those with more severe and progressive disease were more
likely to receive LTOT [18, 19]. An earlier Cochrane review identified one small RCT comparing LTOT to
no treatment in patients with ILD [2]; however, this study has never been published in the peer-reviewed
literature and as a result we did not include it. That study did not report a survival benefit of LTOT, so its
exclusion would not have changed our findings. Given the degree of hypoxaemia experienced by many
people with advanced ILD, along with established clinical practices for oxygen prescription, it is likely that
LTOT will continue to be used widely in this group. However, care should be taken to carefully evaluate
the benefits and costs to individuals. Recent qualitative studies have described the profound impact of
LTOT on the lives of patients and carers [22, 27]. While use of supplemental oxygen may improve
confidence and enable patients to engage in meaningful activities [22], many also describe living in fear of
running out of oxygen [22], and carers describe burdensome limitations to daily life [27]. These important
impacts should be considered and discussed with patients at the time of LTOT prescription.

A strength of this study was the broad search criteria and robust methodology for assessing and
incorporating studies evaluating different interventions and with varying risk of bias. As a result, this
systematic review provides a comprehensive assessment of the impact of oxygen therapy in ILD. A major
limitation to this review was the low quality of the included studies, many of which were at high risk of
bias due to their retrospective or non-randomised nature (figure 2). Another limitation is the lack of
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studies evaluating other forms of oxygen therapy that are used in clinical practice, such as nocturnal
oxygen therapy and short-burst oxygen therapy. We assessed a broad range of outcomes that are relevant
to patients, but found no data for many, including mood disturbance, physical activity participation and
need for transplantation. Other patient-important outcomes that we did not pre-specify in our protocol,
including fatigue, cough and sleep quality [22], were not reported in any of the studies we included. These
outcomes should be considered for future studies.

In conclusion, this systematic review has shown no consistent acute effects of short-term oxygen therapy
on dyspnoea during exertion in ILD, although exercise capacity was increased. Studies reporting the use of
LTOT in ILD are at high risk of bias and it was not possible to estimate its impact on survival. Future
trials of oxygen therapy in ILD should evaluate whether the acute improvements in exercise capacity can
be translated into improved daily physical activity and better HRQoL. In the absence of robust evidence of
positive outcomes of oxygen therapy, patient perspectives on the benefits and costs will be important to
inform treatment decisions.
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