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L ong-term oxygen therapy (LTOT) prolongs life in patients with 
chronic obstructive pulmonary disease (COPD) and severe 
hypoxemia (ie, an arterial oxygen tension [Pao2] of <55 mm Hg 

or 56 to 59 mm Hg associated with cor pulmonale or polycythemia).1,2 

At the same time, nocturnal or ambulatory oxygen therapy is often 
prescribed in patients with COPD who are not severely hypoxemic 
(Pao2 of >60 mm Hg) at rest but who desaturate during sleep or with 
ambulation, despite a lack of supportive evidence.3,4

Approximately one-third of the direct medical costs are due to the 
cost of LTOT, and an estimated 80% of this cost is borne by the Centers 
for Medicare & Medicaid Services.5 Each year, approximately 1 million 
patients receive LTOT through the Centers for Medicare & Medicaid 
Services, at a cost exceeding $2 billion per year.6 This cost is increasing 
at an annual rate of 12% to 13%. Because LTOT is a costly therapy, 
Medicare reimbursement for its prescription is tightly regulated. The 
Medicare budget has been shifted to pay for the prescription Part D 
drug benefit, while payments for LTOT were reduced by 30% in the 
Balanced Budget Act of 1997 and by approximately 10% in the Medi-
care Prescription Drug, Improvement, and Modernization Act of 2003. 
Beginning in January 2006, section 5101(b) of the Deficit Reduction 
Act limited rental of oxygen equipment to 36 months of continuous use 
(ie, the first time this policy would affect the program is January 2009).7 
After 36 months, title to the equipment goes to the beneficiary, and 
Medicare only pays for oxygen content and nonroutine maintenance. 
Medicare since then has readjusted cuts in its release of the Medicare 
Improvements for Patients and Providers Act in July 2008. Nevertheless, 
the revision of the budget still impacts home oxygen services. There has 
been an ongoing debate about the current Medicare policies for LTOT 
reimbursement.

The objectives of this study were to examine the cost-effectiveness of 
LTOT, to compare it with the cost-effectiveness of other commonly used 
therapies for COPD, to facilitate proper allocation of limited healthcare 
resources, and to refine the medical indications for LTOT that could 
lead to substantial cost savings without compromising patient survival 
or well-being.

METHODS
Literature Search and  
Review Strategy

Bibliographic databases, includ-
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Objectives: To assess the cost-effectiveness of 
long-term oxygen therapy to facilitate proper 
resource allocation.

Study Design: Markov process.

Methods: A Markov model was developed to 
estimate the incremental cost-effectiveness ratios 
(ICERs) for continuous and nocturnal oxygen 
therapies. The maximum time horizon was set to 
5 years. Efficacy variables were obtained from 
pertinent clinical studies. Cost variables were 
based on the current Medicare reimbursement 
rate and on appropriate sources. Multiple 1-way 
and probabilistic sensitivity analyses were per-
formed to examine the robustness of base-case 
results.

Results: The ICER for continuous oxygen therapy 
($16,124 per quality-adjusted life-year [QALY]) 
was within bounds considered to be cost-
effective, while that of nocturnal oxygen therapy 
was not ($306,356/QALY). The estimated ICER 
for continuous oxygen therapy was robust (95% 
confidence interval, $13,153-$24,658/QALY) and 
was more favorable than the ICERs for commonly 
used medical and surgical therapies for chronic 
obstructive pulmonary disease. The ICER for noc-
turnal oxygen therapy was sensitive to variation 
in the mortality rate; it could be as low as $18,267/
QALY gained. At the other end, nocturnal oxygen 
therapy could be less effective than no oxygen 
therapy, despite additional costs.

Conclusions: There is substantial room for 
improvement in the current Medicare policies 
regarding long-term oxygen therapy. Medicare 
coverage can be improved by prescribing long-
term oxygen therapy to patients who will receive 
substantial benefit and by providing adequate 
support for services and maintenance.

(Am J Manag Care. 2009;15(2):97-104)
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ing the Cochrane Central Register of Controlled Trials, 
MEDLINE, EMBASE, and CINAHL, were searched to find 
any systematic review or randomized controlled trial of pa-
tients with COPD that examined the effect of LTOT on mor-
tality, hospitalizations, and progression of the disease.

Two studies1,2 were identified that included patients with se-
vere resting hypoxemia (SRH), defined as a Pao2 of 55 mm Hg 
or lower or in the range of 56 to 59 mm Hg associated with cor 
pulmonale or polycythemia. Four additional studies3,4,8,9 were 
identified in which study patients had less severe hypoxemia, 
defined as a Pao2 in the range of 56 to 65 mm Hg or higher. 
Two studies3,4 identified patients with significant nocturnal 
desaturation (ND), defined as an arterial oxygen saturation 
(Sao2) of less than 90% for at least 30% of total sleep time or 
an Sao2 of less than 90% with a nadir value reaching 85% or 
lower, and examined the efficacy of nocturnal oxygen therapy 
(NOT). The remaining 2 studies8,9 examined the efficacy of 
continuous (>15-17 h/d) oxygen therapy (COT) in patients 
with mild to moderate hypoxemia and no ND. The latter 2 
studies were not included in this study because most of the 
studied patients would not qualify for LTOT under the current 
Medicare criteria. The methodological quality of the included 
clinical studies1-4 was scored as moderate (Jadad score, 3).

Analytic Overview
A cost-utility model (Markov process) was developed to es-

timate the clinical effects and costs of LTOT in patients with 
COPD. Two cohorts (the patients with SRH and those with 
ND) were created and analyzed in this study. The definitions of 
SRH and ND were derived from the included clinical studies1-4 
as already described. The ND cohort included patients with 
significant ND but without SRH. In each cohort, the LTOT 
strategy was compared with the absence of any oxygen strategy. 
Oxygen therapy was assumed to be continuous (>16 h/d) in 
the SRH cohort and nocturnal (9 h/d) in the ND cohort.

The model was constructed using 3 mutually exclusive dis-
ease states. The disease states include stage 1 disease (forced ex-
piratory volume in the first second of expiration [FEV1] of >50% 
of predicted), stage 2 disease (FEV1 of 30%-50% of predicted), 
stage 3 disease (FEV1 of <30% of predicted), and death.

In the SRH cohort, the hypothetical population was 63 
years old, 78% male, and had an FEV1 of 0.69 L based on the 
Nocturnal Oxygen Therapy Trial (NOTT)1 and the Medical 
Research Council (MRC) study.2 It was assumed that 50% of 
the initial cohort had stage 2 disease and that the remaining 
50% had stage 3 disease. In the ND cohort, the hypothetical 
population was 63 years old and had an FEV1 of 1.1 L based 
on data from previous studies.3,4 It was assumed that 15% of 
the initial cohort had stage 1 disease, 70% had stage 2 disease, 
and the remaining 15% had stage 3 disease.

Quarterly transitional probabilities of death were derived 
from the included clinical studies1-4 by using an exponential 
approximation described by Beck et al.10 The mortality rates in 
the NOTT1 and the MRC study2 were aggregated to estimate 
quarterly transitional mortality rates in the SRH cohort. Be-
cause the available evidence fails to support that NOT prolongs 
life even in patients with SRH, the mortality rate of a hypo-
thetical control (no oxygen therapy) group in the NOTT1 was 
assumed to be the same as that of the NOT group. The 2-year 
mortality rates reported in the NOTT1 were converted into 
5-year mortality rates by using an exponential approximation 
and were combined with the 5-year mortality rates reported 
in the MRC study.2 Then, the quarterly transitional mortality 
rates for the COT and no oxygen strategies in the SRH cohort 
were calculated based on the combined 5-year mortality rates 
and were estimated to be 6.0% and 3.1%, respectively. The 
95% confidence interval (CI) of the quarterly mortality rate 
for the COT strategy was calculated based on the 5-year mor-
tality difference between the COT and no oxygen strategies 
and was estimated to be 2.4% to 4.2%. This range was used 
for a 1-way sensitivity analysis. The quarterly mortality rates 
in the ND cohort were derived from pooled data from the 2 
NOT studies3,4 by using the same method already described. 
The quarterly transitional mortality rates for the NOT and 
no oxygen strategies were estimated to be 3.27% and 3.38%, 
respectively. The 95% CI of the quarterly mortality rate for 
the NOT strategy was calculated based on the 3-year mortality 
difference between the NOT and no oxygen strategies and was 
estimated to be 1.29% to 9.65%.

The model assumed that FEV1 declined over time. The 
mean rates of FEV1 decline in the SRH cohort were based on 
data from the NOTT1 and the MRC study.2 The mean rate of 
FEV1 decline without oxygen therapy was estimated to be 28 
mL per patient per year for the first 18 months and 40 mL per 
patient per year thereafter. The rate of decline with LTOT for 
COT and NOT was estimated to be 6.5 mL for the first 18 
months and 0 mL thereafter. Using this assumption, the esti-
mated probabilities for a person with stage 2 disease progress-
ing into stage 3 disease during a 3-month period for the first 
18 months and thereafter were 1.5% and 2.1%, respectively, 
without oxygen therapy and 0.3% and 0%, respectively, with 
LTOT. The mean rates of FEV1 decline in the ND cohort were 
estimated as follows. The available evidence fails to support 
that NOT significantly reduces the rate of decline in FEV1 
among patients with ND but without SRH. The mean rate 
of FEV1 decline in the ND cohort was estimated to be 30 mL 
per patient per year in the NOT and the control (no oxygen 
therapy) strategies based on data from Chaouat et al.4 Using 
this assumption, the probability of progression from stage 1 
disease to stage 2 disease during a 3-month period was esti-
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ies showed a significant reduction in COPD exacerbation 
or hospitalization rates with LTOT in patients with SRH or 
ND,1-4,8,9 and the main objective of this study was to estimate 
the ICERs for LTOT relative to no oxygen therapy.

Cost Data
The cost-effective analysis was conducted from a third-par-

ty payer’s perspective; hence, only direct costs were included 
in this analysis. The monthly cost of LTOT was estimated to 
be $198.40 based on the 2007 Medicare reimbursement rate 
for oxygen therapy and stationary oxygen equipment with or 
without a portable system.13 The costs of running an oxygen 
concentrator were estimated to be $30 a month for COT14 
and $11 a month for NOT, assuming that the mean use of 
a concentrator for NOT was 9 h/d.3,4 To conduct sensitivity 
analyses, these running costs were varied from 50% to 250% 
of the base values according to a study by Reisfield and Wil-
son.15 All costs are reported in 2007 US dollars.

Sensitivity Analyses
Sensitivity analyses were conducted to test the robustness of 

baseline results to random variation in the values of key param-
eters in the model. Two types of sensitivity analyses were used, 
namely, traditional 1-way analysis and probabilistic analysis. The 
following variables were used in the sensitivity analyses: quarterly 
rates of death with COT and NOT, utilities of all stages of COPD, 
monthly electricity cost, and discount rate. The exact sensitivity 
ranges used for these analyses are given in Table 1 and Table 2. 
For efficacy variables, these limits were derived from the 95% 
CIs of each efficacy variable from the pooled clinical data. For 
cost variables, the limits were derived from the highest and low-
est costs. The probabilistic analysis (second-order Monte Carlo 
simulation) was performed to assess the variation of multiple 
parameters at the same time by varying all variables simultane-
ously. Each variable was derived from its probability distribution, 
yielding a hypothetical distribution of QALYs. Efficacy param-
eters were assigned beta distributions, and cost parameters were 

mated to be 0.47% and was 1.6% from stage 2 disease to stage 
3 disease in the ND cohort.

The cycle length for the model was set to 3 months, and 
the maximum time horizon was set to 5 years. This time 
frame allowed maximal flexibility for patients to move 
across disease severity categories. The model was limited to 
5 years because there were insufficient data on the efficacy of 
LTOT beyond this time horizon. A discount rate of 3% was 
applied to costs and health benefits based on international 
recommendations.11 The effect of changes in the discount 
rate (0%-7%) was examined in a 1-way sensitivity analysis. 
A half-cycle correction was applied in each period to allow 
for the fact that transitions between health states could take 
place at any time during the modeled 3-month intervals.11

The model generated the mean cost and effectiveness. 
Strategies were compared using incremental cost-effectiveness 
ratios (ICERs). Incremental cost-effectiveness is a measure of 
the additional cost of one strategy versus another compared 
with the additional effectiveness it delivers. In this calcula-
tion, the mean cost and effectiveness are calculated for each 
strategy. The ICER is calculated by dividing the incremental 
(additional) mean cost of a more costly strategy by the incre-
mental mean effectiveness of that treatment strategy. Tree-
Age Pro (TreeAge Software, Inc, Williamstown, MA) was 
used to perform decision analyses.

Efficacy Data
The health outcome used in this study was health-related 

quality of life (HRQL). It was assumed that a patient’s health 
status declined with decrements in FEV1. The mean HRQLs 
for stable patients with stage 1, 2, and 3 disease were esti-
mated to be 0.832 (95% CI, 0.821-0.843), 0.803 (95% CI, 
0.790-0.816), and 0.731 (95% CI, 0.699-0.762) quality-
adjusted life-years (QALYs), respectively, based on a study 
by Rutten-van Mölken et al.12 The effect of exacerbations 
or COPD-related hospitalizations on HRQL was not incor-
porated into the model, as no randomized controlled stud-

n Table 1. One-Way Sensitivity Analysis in the Severe Resting Hypoxemia Cohort

Range of ICER, $/QALY
 
Variable

Base-Case 
Estimate

Range Used in  
Sensitivity Analysis

 
Three-Year Horizon

 
Five-Year Horizon

Quarterly rate of death with COT 0.0311 0.0238-0.0417 19,313-36,700 13,153-24,658

Utility of stage 2 COPD 0.803 0.790-0.816 23,540-24,080 15,942-16,310

Utility of stage 3 COPD 0.731 0.699-0.762 23,509-24,123 15,924-16,335

Monthly electricity cost, $           30 15-75 22,244-28,498 15,065-19,301

Discount rate 0.03 0-0.07 23,451-24,281 15,729-16,659

COPD indicates chronic obstructive pulmonary disease; COT, continuous oxygen therapy; ICER, incremental cost-effectiveness ratio; QALY, quality-
adjusted life-year.
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assigned triangular distributions. The probabilistic analysis was 
based on 5000 simulations. The result of the probabilistic analy-
sis was illustrated as a scatterplot of incremental effectiveness in 
QALYs versus incremental costs, with a 95% CI elliptical.

RESULTS
Baseline Findings

Table 3 and Table 4 give the baseline results of the in-
cremental cost-effectiveness analyses. During the 3-year 
($23,807/QALY) and 5-year ($16,124/QALY) horizons, 
the ICER for COT in the SRH cohort fell below $25,000/
QALY, a cutoff generally considered very cost-efficient.16 In 
contrast, the ICER for NOT in the ND cohort was far more 
than $100,000/QALY, a commonly cited cutoff for cost-effec-
tiveness17 (ie, $477,929/QALY during a 3-year horizon and 
$306,356/QALY during a 5-year horizon).

Sensitivity Analyses
Table 1 and Table 2 give the results of multiple 1-way sensi-

tivity analyses for the ICERs for COT and NOT. Figure 1 and 
Figure 2 show the results of the probabilistic analyses. In the 
SRH cohort, the multiple 1-way sensitivity analyses showed 

that all ICERs for COT were less than $25,000/QALY, and 
the probabilistic analysis (Figure 1) showed that the 95% CI 
elliptical of COT was below the $50,000/QALY line, both sup-
porting the robustness of the base-case analysis.

In the ND cohort, the ICER for NOT varied widely when 
the quarterly rate of death with NOT was varied (Table 2). The 
NOT strategy could be very cost-effective, with an ICER as 
low as $18,267/QALY. At the other end, NOT could be less 
effective than no oxygen therapy, despite additional costs. The 
ICER for NOT also varied widely in the probabilistic sensitivity 
analysis. The estimated ICER was more than $100,000/QALY 
in a large portion of the 95% CI elliptical (Figure 2).

Model Validation
A simple validation process was performed by comparing 

the pooled mortality rates from the clinical studies1-4 with 
those in the Markov models. The 5-year mortality rates from 
the pooled data were identical to those in the SRH cohort 
and were 47% for COT and 71% for the control. The 3-year 
mortality rates in the Markov model were estimated to be 
32% for COT and 52% for the control.

The same was true for the ND cohort. The 3-year mortality 
rates were 47% for COT and 71% for the control. The 3-year 

n Table 2. One-Way Sensitivity Analysis in the Nocturnal Desaturation Cohort

n Table 3. Base-Case Analysis in the Severe Resting Hypoxemia Cohorta

Range of ICER, $/QALY
 
Variable

Base-Case  
Estimate

Range Used in  
Sensitivity Analysis

 
Three-Year Horizon

 
Five-Year Horizon

Quarterly rate of death with NOT 0.0327 0.0129-0.0965 28,005-Dominateda 18,267-Dominateda

Utility of stage 1 COPD 0.832 0.821-0.843 476,966-478,895 305,750-306,964

Utility of stage 2 COPD 0.803 0.790-0.816 473,016-482,945 303,406-309,365

Utility of stage 3 COPD 0.731 0.699-0.762 473,795-482,273 303,149-309,738

Monthly electricity cost, $           30 15-75 465,106-516,398 298,136-331,015

Discount rate         0.03                0-0.07 470,372-487,985 298,139-317,486

COPD indicates chronic obstructive pulmonary disease; ICER, incremental cost-effectiveness ratio; NOT, nocturnal oxygen therapy; QALY, quality-
adjusted life-year. 
aNocturnal oxygen therapy was more costly and less effective than no oxygen therapy.

Strategy Incremental Cost, $ QALYs Incremental QALYs ICER, $/QALY

Three-year horizon

Control — 1.56 — —

COT 6567 1.84 0.28 23,807

Five-year horizon

Control — 2.07 — —

COT 9517 2.66 0.59 16,124

COT indicates continuous oxygen therapy; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year. 
aAll values are rounded.
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mortality rates in the Markov model were estimated to be 
23.3% for NOT and 24.1% for the control. These values were 
also identical to the aggregated data from the clinical stud-
ies.1-4 The 5-year mortality rates in the Markov model were 
estimated to be 48.5% for NOT and 49.8% for the control.

DISCUSSION
Long-term oxygen therapy is one of a few therapies that 

have been shown to improve long-term survival in patients 
having COPD with SRH. Although evidence of LTOT cost-

effectiveness has been published,18,19 no formal analyses have 
been conducted, to my knowledge. The present analysis 
showed that the cost-effectiveness of COT in patients with 
SRH was far more favorable than that of surgical therapies for 
COPD that were approved by Medicare and were comparable 
to or more favorable than commonly used medical therapies 
for COPD (Table 5). The robustness of the estimates of 
ICERs was confirmed by the sensitivity analyses for COT.

The Deficit Reduction Act provision that limits rental of 
all home oxygen equipment to 36 months and then transfers 
ownership to the beneficiary may significantly reduce services 

n Table 4. Base-Case Analysis in the Nocturnal Desaturation Cohorta

n  Figure 1. Results for Incremental Cost-Effectiveness of Continuous Oxygen Therapy (COT) From 5000 Model 
Simulations Are Represented
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Strategy Incremental Cost, $ QALYs Incremental QALYs ICER, $/QALY

Three-year horizon

Control — 1.87 — —

NOT 5975 1.88 0.0125 477,929

Five-year horizon

Control — 2.68 — —

NOT 8615 2.70 0.0281 306,356

ICER indicates incremental cost-effectiveness ratio; NOT, nocturnal oxygen therapy; QALY, quality-adjusted life-year. 
aAll values are rounded.

The ellipse defines the 95% confidence interval for the true incremental cost-effectiveness of COT compared with no oxygen therapy. The dotted line 
indicates a cost-effectiveness ratio of $50,000 per quality-adjusted life-year (QALY).
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for fragile elderly patients and could raise numerous patient 
safety issues. A recent industry study by Morrison Informat-
ics, Inc27 showed that 72% of the cost in providing home 
oxygen therapy to Medicare patients represents services, de-
livery, and other operational costs and that only 28% of the 
cost represents equipment. A September 2006 report from 
the Department of Health and Human Services Office of the 
Inspector General28 indicated that an estimated 22% of Medi-
care patients continue using home oxygen therapy beyond 36 
continuous months. Continuous oxygen therapy for patients 
having COPD with SRH is very cost-effective compared with 

other technologies and surgical procedures used to extend 
life or to improve the quality of life. Although Medicare has 
readjusted cuts in its release of the Medicare Improvements 
for Patients and Providers Act in July 2008, the changes in 
Medicare rules may still restrict home oxygen services. The 
effects of these changes on patient care and health outcomes 
should be carefully monitored.

The cost-effectiveness of NOT in patients with ND but 
without SRH was far less favorable than that of COT. The 
ICER for NOT was much greater than that of other widely 
used therapies for COPD except for alfa1-antitrypsin therapy 

n  Figure 2. Results for Incremental Cost-Effectiveness of Nocturnal Oxygen Therapy (NOT) From 5000 Model 
Simulations Are Represented
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The ellipse defines the 95% confidence interval for the true incremental cost-effectiveness of NOT compared with no oxygen therapy. The dotted and 
solid lines, respectively, indicate cost-effectiveness ratios of $100,000 and $50,000 per quality-adjusted life-year (QALY) gained.

n Table 5. Cost-Effectiveness Estimates of Other Interventions for Chronic Obstructive Pulmonary Disease (COPD)

 
Intervention

 
$/QALY

$/QALY Adjusted to  
2007 US Dollarsa

 
          Source

Lung volume reduction surgery vs medical therapy at 5 y 140,000 161,356 Ramsey et al,20 2007

Lung volume reduction surgery vs medical therapy at 3 y 190,000 218,983 Ramsey et al,21 2003

Lung transplant vs standard careb 176,817 253,713 Ramsey et al,22 1995

Alfa1-antitrypsin therapy vs standard care for life 696,933 815,943 Gildea et al,23 2003

Tiotropium bromide for moderate-to-severe COPD 26,094 27,703 Oba,24 2007

Inhaled corticosteroids for stage 2 or 3 COPD 17,000 21,157 Sin et al,25 2004

Behavioral rehabilitation program 24,256 48,405 Toevs et al,26 1984

QALY indicates quality-adjusted life-year.
aUsing the Consumer Price Index inflation calculator provided by the US Department of Labor: http://www.bls.gov/data/inflation_calculator.htm. 
bFor patients with end-stage lung disease, 42% of whom had emphysema.
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(Table 5). However, the cost-effec-
tiveness of NOT varied greatly in 
the sensitivity analyses. The 1-way 
sensitivity analysis revealed that this 
was due to the wide range of mor-
tality estimates for NOT relative to 
no oxygen therapy (Table 2). The 
precision of this estimate may be 
improved when additional data are 
available from clinical trials such as the National Institutes 
of Health–sponsored Long-term Oxygen Treatment Trial.29 
Nocturnal oxygen therapy is not as effective as COT to extend 
life in patients having COPD with SRH,1 and its efficacy in 
patients without SRH has been questioned.4,8 Because many 
of the costs of LTOT are fixed, having a better understanding 
of the effects and indications of NOT, as well as improving 
patient adherence, would likely lead to improvements in cost-
effectiveness. Eliminating inappropriate use of oxygen therapy 
may also be a source of potential cost saving.

This study has several limitations. First, it was conducted 
from a third-party payer’s perspective. Hence, indirect costs 
such as costs associated with absence from work and inability 
to perform usual activities were not included. However, indi-
rect costs are probably irrelevant, as only a small proportion 
of patients with COPD have a paid job,30 and patients receiv-
ing LTOT are likely to have disabilities.

Second, the cost-effectiveness estimates of LTOT in this 
study could be very conservative because of the assumption 
that LTOT would not reduce COPD-related hospitalizations. 
Several observational studies19,31-33 reported a significant reduc-
tion in hospitalizations with LTOT. Three studies19,31,32 com-
pared the hospitalization rates before and after the initiation of 
LTOT, and the other study33 compared rates with a historical 
control. When the estimates of reduction in hospitalizations 
from a study by Stewart et al19 were incorporated into the pres-
ent model, COT was more effective and less costly than no 
oxygen therapy because of a substantial saving from fewer hos-
pital days with COT (data not shown). However, this should 
be interpreted with caution, as the randomized controlled 
trials1,2 failed to show a statistically significant reduction in 
hospitalizations, and the reduction in hospitalizations in the 
observational studies could have been due to more intensive 
outpatient care or the regression to the mean phenomenon34 
rather than due to the direct effect of LTOT per se.

Third, the present model was limited to a 5-year horizon. 
The rationale for this limitation is as follows. The clinical 
efficacies of LTOT have not been studied beyond this time 
frame, to my knowledge. In addition, the future financial bur-
den of this life-gaining therapy is also unknown. For example, 
patients receiving COT tend to have fewer hospitalizations 

and shorter hospital stays for the first 5 years, but all hospital-
ization costs of extra survivors must be added if a time hori-
zon is extended beyond 5 years, so that what is gained could 
be easily lost. Additional data from clinical studies would 
be necessary to precisely estimate the cost-effectiveness of 
LTOT beyond this time frame.

Fourth, the estimate of change in HRQL was based on the 
predicted decline in FEV1 derived from the clinical studies.1-4 
The effect of LTOT on HRQL is highly controversial, and 
there are no definite data from which appropriate estimates 
can be drawn. Unfortunately, the MRC study2 did not report 
data on HRQL. The NOTT35 reported minor improvement 
in neuropsychological function. However, no study has clear-
ly demonstrated a benefit in HRQL through LTOT.36 It is 
possible that significant improvement in some neuropsycho-
logical function had little effect on HRQL. However, more 
clinical data would be necessary to incorporate the effect of 
LTOT on HRQL into its cost-effectiveness.

Fifth, some of the efficacy data from the clinical studies1-4 
were derived more than 30 years ago among a modest sample 
of patients who likely differ from patients today. The efficacy 
data may need further validation with a future study. How-
ever, there is no reason to believe that the efficacy of LTOT 
would be much different in today’s patients, as there has been 
no new treatment developed in the past 30 years that im-
proves survival or slows the progression of the disease, and 
recently developed pharmacotherapies are unlikely to affect 
the efficacy of LTOT or to interact with it.

Despite these limitations, the present study revealed that 
the cost-effectiveness of COT in patients with SRH was 
within bounds considered to be cost-effective, while that of 
NOT was not. The ICER for COT was more favorable than 
the ICERs for widely used medical and surgical therapies for 
COPD. When the costs are significant and the treated popula-
tion is large, cost-effectiveness may suffer. However, we need 
to ensure that the Deficit Reduction Act provision will not 
adversely affect patient health, interrupt continuity of care, 
or shift additional costs to patients. Although specific advan-
tages of new effective therapies may justify their implemen-
tation at higher costs, proper allocation of limited medical 
resources should be pursued. The cost-effectiveness of LTOT 

Take-Away Points
Continuous oxygen therapy for chronic obstructive pulmonary disease is highly cost-effective, 
while nocturnal oxygen therapy may not be cost-effective.

n 	 There is substantial room to improve the cost-effective use of long-term oxygen therapy.

n 	 Medicare coverage can be improved by prescribing long-term oxygen therapy to patients 
who will receive substantial benefit and by providing adequate support for services and  
maintenance.
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can be improved by prescribing LTOT to patients who will re-
ceive substantial benefit, by improving patient adherence, by 
re-evaluating the initial prescription in a timely fashion,37 and 
by providing adequate support for services and maintenance. 
There is substantial room for improvement in the current 
Medicare policies regarding LTOT reimbursement.

Author Affiliation: From the Department of Pulmonary and Environmen-
tal Medicine, University of Missouri, Columbia.

Author Disclosure: The author reports no relationship or financial in-
terest with any entity that would pose a conflict of interest with the subject 
matter of this article.

Funding Source: None reported.
Authorship Information: Concept and design; acquisition of data; analysis 

and interpretation of data; drafting of the manuscript; critical revision of the 
manuscript for important intellectual content; statistical analysis; and provi-
sion of study materials or patients.

Address correspondence to: Yuji Oba, MD, Department of Pulmonary and 
Environmental Medicine, University of Missouri, One Hospital Dr, Health 
Science Center, MA419A, Columbia, MO 65212. E-mail: obay@health. 
missouri.edu.

REFERENCES
1. Nocturnal Oxygen Therapy Trial Group. Continuous or nocturnal oxy-
gen therapy in hypoxemic chronic obstructive lung disease: a clinical 
trial. Ann Intern Med. 1980;93(3):391-398.
2. Report of the Medical Research Council Working Party. Long term 
domiciliary oxygen therapy in chronic hypoxic cor pulmonale compli-
cating chronic bronchitis and emphysema. Lancet. 1981;1(8222): 
681-686.
3. Fletcher EC, Luckett RA, Goodnight-White S, Miller CC, Qian W, 
Costarangos-Galarza C. A double-blind trial of nocturnal supplemental 
oxygen for sleep desaturation in patients with chronic obstructive pul-
monary disease and a daytime Pao2 above 60 mm Hg. Am Rev Respir 
Dis. 1992;145(5):1070-1076.
4. Chaouat A, Weitzenblum E, Kessler R, et al. A randomized trial of 
nocturnal oxygen therapy in chronic obstructive pulmonary disease 
patients. Eur Respir J. 1999;14(5):1002-1008.
5. Ward MM, Javitz HS, Smith WM, Bakst A. Direct medical cost of 
chronic obstructive pulmonary disease in the U.S.A. Respir Med. 
2000;94(11):1123-1129.
6. Croxton TL, Bailey WC. Long-term oxygen treatment in chronic 
obstructive pulmonary disease: recommendations for future 
research: an NHLBI workshop report. Am J Respir Crit Care Med. 
2006;174(4):373-378.
7. U.S. Government Accountability Office Web site. Department of 
Health and Human Services, Centers for Medicare and Medicaid Ser-
vices: Medicare program; home health prospective payment system 
rate update for calendar year 2007 and Deficit Reduction Act of 2005 
changes to Medicare payment for oxygen equipment and capped 
rental durable medical equipment, GAO-07-230R, November 22, 2006. 
http://www.gao.gov/decisions/majrule/d07230r.htm. Accessed May 
2008.
8. Gorecka D, Gorzelak K, Sliwinski P, Tobiasz M, Zielinski J. Effect 
of long-term oxygen therapy on survival in patients with chronic 
obstructive pulmonary disease with moderate hypoxaemia. Thorax. 
1997;52(8):674-679.
9. Haidl P, Clement C, Wiese C, Dellweg D, Kohler D. Long-term oxygen 
therapy stops the natural decline of endurance in COPD patients with 
reversible hypercapnia. Respiration. 2004;71(4):342-347.
10. Beck JR, Pauker SG, Gottlieb JE, Klein K, Kassirer JP. A convenient 
approximation of life expectancy (the “DEALE”), II: use in medical 
decision-making. Am J Med. 1982;73(6):889-897.
11. Karlsson G, Johannesson M. The decision rules of cost-effective-
ness analysis. Pharmacoeconomics. 1996;9(2):113-120.
12. Rutten-van Mölken MP, Oostenbrink JB, Tashkin DP, Burkhart D, 
Monz BU. Does quality of life of COPD patients as measured by the 
generic EuroQol five-dimension questionnaire differentiate between 
COPD severity stages? Chest. 2006;130(4):1117-1128.
13. Centers for Medicare & Medicaid Services Web site. Fee schedule 

update for 2007 for Durable Medical Equipment, Prosthetics, Orthotics, 
and Supplies (DMEPOS). http://www.cms.hhs.gov/MLNMattersArticles/
downloads/MM5417.pdf. Accessed May 2008.
14. Respiratory Management Web site. Oxygen + power: hidden costs 
and risks for stationary concentrator users. July 10, 2007. http://www.
respiratorymgmt.com/articles/49074. Accessed May 2008.
15. Reisfield GM, Wilson GR. The cost of breathing: an economic 
analysis of the patient cost of home oxygen therapy. Am J Hosp Palliat 
Care. 2004;21(5):348-352.
16. Saag MS. HIV resistance testing in clinical practice: a QALY-fied 
success. Ann Intern Med. 2001;134(6):475-477.
17. Koplan JP, Harpaz R. Shingles vaccine: effective and costly or cost-
effective? Ann Intern Med. 2006;145(5):386-387.
18. Roberts SD. Cost-effective oxygen therapy. Ann Intern Med. 
1980;93(3):499-500.
19. Stewart BN, Hood CI, Block AJ. Long-term results of continuous 
oxygen therapy at sea level. Chest. 1975;68(4):486-492.
20. Ramsey SD, Shroyer AL, Sullivan SD, Wood DE. Updated evalua-
tion of the cost-effectiveness of lung volume reduction surgery. Chest. 
2007;131(3):823-832.
21. Ramsey SD, Berry K, Etzioni R, Kaplan RM, Sullivan SD, Wood DE. 
Cost effectiveness of lung-volume-reduction surgery for patients with 
severe emphysema. N Engl J Med. 2003;348(21):2092-2102.
22. Ramsey SD, Patrick DL, Albert RK, Larson EB, Wood DE, Raghu 
G; University of Washington Medical Center Lung Transplant Study 
Group. The cost-effectiveness of lung transplantation: a pilot study. 
Chest. 1995;108(6):1594-1601.
23. Gildea TR, Shermock KM, Singer ME, Stoller JK. Cost-effectiveness 
analysis of augmentation therapy for severe a1-antitrypsin deficiency. 
Am J Respir Crit Care Med. 2003;167(10):1387-1392.
24. Oba Y. Cost-effectiveness of long-acting bronchodilators for chronic 
obstructive pulmonary disease. Mayo Clin Proc. 2007;82(5):575-582.
25. Sin DD, Golmohammadi K, Jacobs P. Cost-effectiveness of inhaled 
corticosteroids for chronic obstructive pulmonary disease according to 
disease severity. Am J Med. 2004;116(5):325-331.
26. Toevs CD, Kaplan RM, Atkins CJ. The costs and effects of behav-
ioral programs in chronic obstructive pulmonary disease. Med Care. 
1984;22(12):1088-1100.
27. Morrison Informatics, Inc. A comprehensive cost analysis of Medi-
care home oxygen therapy: a study for the American Association for 
Homecare. June 27, 2006. http://www.aahomecare.org/associations/ 
3208/files/Morrison%20Oxygen%20Cost%20Study%20Report%20
June%2027%202006.pdf. Accessed May 2008.
28. Department of Health and Human Services Office of the Inspec-
tor General. Medicare home oxygen equipment: cost and servicing. 
September 2006. http://oig.hhs.gov/oei/reports/oei-09-04-00420.pdf. 
Accessed May 2008.
29. U.S. Department of Health and Human Services, National Insti-
tutes of Health. NIH news: NHLBI and CMS launch large study of home 
oxygen therapy for COPD: clinical trial will clarify if more patients 
could benefit from treatment. November 20, 2006. http://www.nhlbi.
nih.gov/new/press/06-11-20.htm. Accessed May 2008.
30. Eisner MD, Yelin EH, Trupin L, Blanc PD. The influence of chronic re-
spiratory conditions on health status and work disability. Am J Public 
Health. 2002;92(9):1506-1513.
31. Ringbaek TJ, Viskum K, Lange P. Does long-term oxygen therapy 
reduce hospitalisation in hypoxaemic chronic obstructive pulmonary 
disease? Eur Respir J. 2002;20(1):38-42.
32. Crockett AJ, Moss JR, Cranston JM, Alpers JH. The effects of home 
oxygen therapy on hospital admission rates in chronic obstructive 
airways disease. Monaldi Arch Chest Dis. 1993;48(5):445-446.
33. Clini E, Vitacca M, Foglio K, Simoni P, Ambrosino N. Long-term 
home care programmes may reduce hospital admissions in COPD 
with chronic hypercapnia. Eur Respir J. 1996;9(8):1605-1610.
34. Barnett AG, van der Pols JC, Dobson AJ. Regression to the mean: 
what it is and how to deal with it. Int J Epidemiol. 2005;34(1):215-220.
35. Heaton RK, Grant I, McSweeny AJ, Adams KM, Petty TL. Psy-
chologic effects of continuous and nocturnal oxygen therapy in 
hypoxemic chronic obstructive pulmonary disease. Arch Intern Med. 
1983;143(10):1941-1947.
36. Ringbaek TJ. Continuous oxygen therapy for hypoxic pulmo-
nary disease: guidelines, compliance and effects. Treat Respir Med. 
2005;4(6):397-408.
37. Guyatt GH, Nonoyama M, Lacchetti C, et al. A randomized trial of 
strategies for assessing eligibility for long-term domiciliary oxygen 
therapy. Am J Respir Crit Care Med. 2005;172(5):573-580.  n


