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A B S T R A C T   

Background: Patients with Chronic Obstructive Pulmonary Disease with chronic respiratory failure (COPD-CRF) 
experience high mortality and healthcare utilization. Non-invasive home ventilation (NIVH) is increasingly used 
in such patients. We examined the associations between NIVH and survival, hospitalizations, and emergency 
room (ER) use in COPD-CRF Medicare beneficiaries. 
Materials and methods: Retrospective cohort study using the Medicare Limited Data Set (2012–2018). Patients 
receiving NIVH within two months of CRF diagnosis (treatment group) were matched on demographic and 
clinical characteristics to patients never receiving NIVH (control group). CRF diagnosis was identified using ICD- 
9-CM/ICD-10-CM codes. Time to death, first hospitalization, and first ER visit were estimated using Cox 
regressions. 
Results: After matching, 517 patients receiving NIVH and 511 controls (mean age: 70.6 years, 44% male) were 
compared. NIVH significantly reduced risk of death (aHR: 0.50; 95%CI: 0.36–0.65), hospitalization (aHR: 0.72; 
95%CI: 0.52–0.93), and ER visit (aHR: 0.48; 95%CI: 0.38–0.58) at diagnosis. The NIVH risk reduction became 
smaller over time for mortality and ER visits, but continued to accrue for hospitalizations. One-year post-diag-
nosis, 28% of treated patients died versus 46% controls. For hospitalizations and ER visits, 55% and 72% treated 
patients experienced an event, respectively, versus 67% and 92% controls. The relative risk reduction was 39% 
for mortality, 17% for hospitalizations, and 22% for ER visits. Number needed to treat were 5.5, 9, and 5 to 
prevent a death, hospitalization, or ER visit one-year post-diagnosis, respectively. 
Conclusion: NIVH treatment is associated with reduced risk of death, hospitalizations, and ER visits among COPD- 
CRF Medicare beneficiaries.   

1. Introduction 

Chronic obstructive pulmonary disease (COPD) affects approxi-
mately 7% of the adult population in the U.S [1]. It is the third leading 
cause of death and is responsible for an estimated 120,000 deaths 
annually [2]. Furthermore, COPD is the primary diagnosis for approxi-
mately 1.5 million emergency room (ER) visits and 700,000 hospitali-
zations each year. Patients who develop chronic respiratory failure as a 
consequence of COPD (COPD-CRF) are at a high risk of poor health 
outcomes, with one international cohort of clinically stable COPD-CRF 
patients showing a three-year mortality of nearly 20% [3]. 

COPD-CRF has no known cure, and treatment is primarily 

supportive. Interventions such as non-invasive ventilation at home 
(NIVH) are sometimes used to mitigate the adverse outcomes seen in 
patients with COPD-CRF, including the risk of death. For example, a 
randomized controlled trial conducted in 2014 showed that NIVH 
decreased mortality in COPD-CRF patients when compared to patients 
receiving standard treatment [4]. Several additional studies have re-
ported decreased healthcare utilization in patients who receive NIVH 
compared to other therapies, such as oxygen therapy alone [4–10]. 
Furthermore, a meta-analysis published in 2020 concluded that NIVH 
reduced hospitalizations in COPD-CRF, but did not find that NIVH 
reduced mortality [11]. 

Despite the data demonstrating the effectiveness of NIVH for patients 
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with COPD-CRF, and despite a recently published national practice 
guideline supporting the use of NIVH in COPD-CRF patients [12], NIVH 
remains infrequently used in the U.S. According to an estimate from the 
Department of Health and Human Services, only 47,000 of the estimated 
1.6 million adults in the U.S. diagnosed with COPD-CRF received NIVH 
in 2017, resulting in an approximate 3% utilization rate [13–15]. One 
reason for the slow adoption of NIVH may be that older clinical data 
suggested this therapy had little to no benefit in COPD-CRF patients [16, 
17]. Additionally, the benefit of NIVH has largely been shown in Euro-
pean trials and only rarely have improved clinical outcomes been 
demonstrated in U.S populations. 

To develop a greater understanding of the potential benefits of NIVH 
in a U.S population, we evaluated the association of NIVH with the risk 
of mortality, hospitalizations, and ER visits in Medicare beneficiaries 
diagnosed with COPD-CRF. 

2. Materials and methods 

2.1. Data source 

Data from January 1, 2012 through December 31, 2018 reported in 
the Medicare Limited Data Set (LDS) were used for this study. The LDS 
contains health care claims data from Medicare Parts A and B for a 
randomly selected 5% sample of the complete Medicare fee-for-service 
population [18]. The LDS database does not contain information on 
retail medication prescriptions from Medicare Part D. Because these 
data are de-identified in preparation for use by external researchers, 
review by an Institutional Review Board was not required. 

2.2. Study cohorts 

We restricted our sample to patients with a CRF diagnosis (ICD-9- 
CM: 518.53, 518.83, 518.84; CD-10-CM: J95.822, J96.10, J96.11, 
J96.12, J96.20, J96.21, J96.22) and a COPD diagnosis (ICD-9-CM: 490, 
491.0, 491.1, 491.8, 492.0, 492.8, 491.20, 491.21, 491.22, 496; ICD-10- 
CM: J40, J41.1, J41.8, J42, J43.0, J43.1, J43.2, J43.8, J43.9, J44.0, 
J44.1, J44.9) made between January 1, 2012 and December 31, 2018. 
We defined the date of diagnosis for CRF as the first time a medical claim 
appeared in the Medicare LDS with a CRF ICD-9-CM or ICD-10-CM 
diagnosis code. This date was used as the start of the analytic period 
(index date). We used all available data files in the Medicare LDS data 
set, meaning claims could come from an inpatient visit, an outpatient 
visit, emergency room visit, a skilled nursing home facility, hospice care, 
home health care, or a durable medical equipment supplier. Patients 
were required to have 6 months of continuous Medicare enrollment 
prior to the index date and a minimum of 12 months of enrollment 
following the index date, with an exception for subjects who died during 
the first 12 months post-index. Because NIVH also treats obstructive 
sleep apnea, patients with a diagnosis of sleep apnea (ICD-9-CM: 327.23; 
ICD-10-CM: G47.33) at any time during the study were excluded [19]. 
Patients with evidence of dementia (ICD-9-CM: 290.x, 294.1, 331.2; 
ICD-10-CM: F00.x–F03.x, F05.1, G30.x, G31.1) in the 6 months 
pre-index period were also excluded as it has been found that patients 
with dementia may have difficulty tolerating NIVH [20]. 

The treatment cohort consisted of all patients identified using the 
above stated criteria who received NIVH within two months of the index 
CRF diagnosis. NIVH treatment was identified through billing data 
(Durable Medical Equipment file) using Healthcare Common Procedure 
Coding System (HCPCS; pre-2016 HCPCS E0460, E0461, E0464; and 
post-2016 HCPCS E0466) in the Medicare LDS. The control cohort 
consisted of all patients meeting the above stated criteria who did not 
receive NIVH at any time during the study period. 

Study cohorts were matched using a propensity score matching 
(PSM) nearest neighbor (1:1) procedure [21]. The propensity score is the 
likelihood an individual receives treatment and we calculated it for all 
individuals in the treatment and control groups as a function of 

observable clinical and demographic attributes. Each individual in the 
treatment group was matched to an individual in the control group, 
based on minimizing the difference in propensity scores. The de-
mographic and clinical factors used in the propensity score matching 
process included race/ethnicity, gender, age, region of the country, 
components of the Charlson Comorbidity Index to control for the pres-
ence of chronic diseases, total health care spending for the 6 months 
prior to CRF diagnosis, county-level smoking prevalence, and comorbid 
hypercapnia when such information was available (only identifiable 
through ICD-10-CM codes which were introduced in October 2015). 

2.3. Outcomes 

The pre-specified primary study endpoint was all-cause mortality 
following CRF diagnosis. Secondary outcomes were time to first hospital 
admission and time to first emergency room visit. All patients were 
followed from CRF diagnosis until event occurrence or censored at the 
end of the study period (December 31, 2018). 

2.4. Statistical analysis 

We estimated the association of NIVH with survival, time to first 
hospitalization, and time to first ER visit over the entire study period 
using Cox regression time-to-event analysis. Our main analyses were 
performed on the PSM cohorts to estimate the average treatment on the 
treated effects. We controlled for the same demographic and clinical 
factors that the cohorts were matched on in the Cox regressions. This is a 
doubly robust method, as both ways can produce an unbiased estimate 
of the treatment effect if correctly specified [22]. 

We tested the assumption of proportional hazards in our Cox models 
by regressing the Schoenfeld residuals on a time index [23]. Because the 
semiparametric Cox model assumes that the ratio of the treatment group 
hazard to the control group hazard is constant over time, a violation of 
this assumption may yield biased estimates [24]. Since evidence of 
violation of the proportional hazards assumption was found in our test, 
we followed standard practice and included a time-by-treatment inter-
action in the regression equations [25]. This approach results in the 
simultaneous estimation of two parameters related to the treatment ef-
fect: a hazard ratio describing the difference in event rates at the start of 
the analysis period and a second parameter describing the rate of change 
in the hazard ratio over time. 

Because both the propensity score estimation procedure and the 
regression models were computed with error, we used a bootstrap pro-
cedure to calculate standard errors that incorporate both sources of 
uncertainty. This approach has previously been demonstrated through 
simulation to correctly estimate standard errors in two-part models [26]. 

In addition to reporting hazard ratios, we estimated the risk differ-
ence (RD), the relative risk ratio (RRR), and the number needed to treat 
(NNT) at one-year after index date [27]. After estimating the Cox model, 
we computed the mean predicted probability of experiencing an event 
within the first year assuming everyone is untreated (pT=0), and 
assuming everyone is treated (pT=1). The RD was calculated as the dif-
ference between these mean predicted probabilities (pT=0 − pT=1). The 
RRR was calculated as the difference divided by the mean predicted 
probability assuming everyone is untreated (pT=0 − pT=1

pT=0
). The NNT was 

calculated as the inverse of the RD ( 1
pT=0 − pT=1

). 

3. Results 

3.1. Study sample 

Initial sample selection procedures resulted in 517 COPD-CRF pa-
tients who used NIVH and who met all study inclusion criteria (treat-
ment group), and an additional 44,281 COPD-CRF patients without 
evidence of NIVH use (unadjusted control group). Compared to the 
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unadjusted control group, the treatment group was younger (mean 70.6 
years vs. 75.1 years, p < 0.001), more likely to reside in the Western US 
(23% vs. 17%, p < 0.001), had lower total healthcare spending in the 6 
months pre-index (mean $17,897 vs. $32,370, p < 0.001), and had 
significantly lower rates of comorbidities (Table 1). Following pro-
pensity score matching, all 517 treatment group subjects were retained 
and matched to 511 control subjects. Six members of the treatment 
group were matched to the same control subjects that were used for 
other treatment subjects explaining why there are 517 treated patients 
and only 511 controls. The final groups were balanced on all predictors. 
Time-to-event analysis. 

Table 2 shows the results of the Cox time-to-event analyses over the 
entire study period. In the assessment of time to death, NIVH use pro-
vided a substantive and significant survival benefit over no NIVH use. 
Users of NIVH had a 50% lower risk of death at CRF diagnosis compared 
to comparable patients who did not use NIVH (aHR: 0.502; 95%CI: 
0.359–0.646; p < 0.001). The magnitude of the mortality reduction seen 
with NIVH slowly declined over time (decay rate: 1.001; 95%CI: 
1.000–1.001; p < 0.001), with the largest mortality reduction occurring 
in the early period following the index date. The risk reduction for 
mortality provided by NIVH disappeared after approximately 23 months 
of use. Fig. 1A shows the Cox proportional hazard regression plot for 
survival. 

For time to first hospitalization, NIVH provided a 28% decrease in 
the risk of subsequent hospitalizations at CRF diagnosis (aHR: 0.723; 
95%CI: 0.518–0.927; p < 0.001), and this benefit continued to accrue 
over time (decay rate: 1.000; 95%CI: 0.999–1.000). For the time to first 
ER visit, patients with NIVH experienced a 52% reduction in the risk of 
an emergency room visit at CRF diagnosis (aHR: 0.481; 95%CI: 
0.381–0.580; p < 0.001) The magnitude of the reduction in ER visits 
slowly decreased over time (decay rate: 1.001; 1.000–1.002; p < 0.001) 
and disappeared after approximately 24.5 months of NIVH use. Fig. 1B 
and C shows the Cox proportional hazard regression plots for 

Table 1 
Balance diagnostics.   

Treatment 
group 

Control group 
(unmatched) 

Difference in means 
P-value 

Treatment 
group 

Control group 
(matched) 

Difference in means 
P-value 

Patient count 517 44,281  517 511  
Age at index date (mean, SD) 70.6 (10.8) 75.1 (10.9) <0.001 70.6 (10.8) 70.9 (11.5) 0.62 
Gender       
Female 56% 56% 0.73 56% 56% 0.77 
Male 44% 44% 0.73 44% 44% 0.77 
Race       
White 86% 88% 0.20 86% 83% 0.15 
Black 8% 8% 0.86 8% 11% 0.18 
Asian 2% 1% 0.14 2% 2% 0.49 
Hispanic 2% 1% 0.33 2% 2% 0.80 
Native American 1% 1% 0.38 1% 1% 0.99 
Other/Unknown 1% 1% 0.72 1% 1% 0.99 
Region at index date       
North East 13% 16% 0.07 13% 15% 0.43 
Midwest 19% 25% <0.001 19% 19% 0.93 
South 46% 42% 0.07 46% 45% 0.84 
West 23% 17% <0.001 23% 22% 0.62 
Medical spending 6 months pre-index date 

(mean, SD) 
$17,897 
($23,449) 

$32,370 ($50,710) <0.001 $17,897 
($23,449) 

$19,294 ($25,070) 0.32 

County-level smoking prevalence at index 
date (mean, SD) 

0.2 (0.04) 0.2 (0.04) <0.001 0.2 (0.04) 0.2 (0.04) 0.36 

Hypercapnia1 12% 3% <0.001 12% 12% 0.95 
Charlson Comorbidity Index 

Comorbidities2       

AIDS/HIV 0% 0% 0.51 0% 0% 0.99 
Cerebrovascular disease 13% 22% <0.001 13% 15% 0.38 
Congestive heart failure 35% 44% <0.001 35% 40% 0.13 
Chronic pulmonary disease 88% 81% <0.001 88% 88% 0.90 
Diabetes 19% 20% 0.65 19% 22% 0.31 
Hemiplegia, paraplegia 4% 4% 0.98 4% 4% 0.84 
Any malignancy, except neoplasm of the 

skin 
11% 15% 0.01 11% 11% 0.81 

Metastatic solid tumor 3% 7% <0.001 3% 3% 0.55 
Mild liver disease 4% 7% 0.03 4% 5% 0.53 
Moderate/severe liver disease 1% 1% 0.17 1% 0% 0.32 
Myocardial infarction 8% 16% <0.001 8% 7% 0.76 
Peptic ulcer disease 1% 3% 0.004 1% 1% 0.75 
Peripheral vascular disease 19% 31% <0.001 19% 21% 0.38 
Renal disease 14% 28% <0.001 14% 17% 0.27 
Rheumatologic disease 4% 6% 0.11 4% 5% 0.63 

Note: (1) Hypercapnia could only be identified through ICD-10-CM codes (introduced in October, 2015); the ICD-9-CM codes do not provide enough detail to identify 
phenotype. As such, the hypercapnia percentage may be higher in real life than the number presented in this table. (2) We used ICD-9-CM and ICD-10-CM diagnosis 
codes for all comorbidities included in the Charlson Comorbidity Index as identified by Quan et al. [31]. These comorbidities were present within 6 months prior to 
index date. 

Table 2 
Survival adjusted hazard ratio results.   

Survival Hospitalization ER Visit  

PSM model PSM model PSM model 
aHR (95%CI) aHR (95%CI) aHR (95%CI) 

NIVH 0.502*** 0.723*** 0.481*** 
(0.359, 0.646) (0.518, 0.927) (0.381, 0.580) 

Rate of decay for NIVH 1.001*** 0.1000 1.001*** 
(1.000, 1.001) (0.999, 1.001) (1.000, 1.002) 

Abbreviations: CI = Confidence Interval, aHR = Adjusted Hazard Ratio, NIVH =
Non-invasive ventilation at home, PSM = Propensity score matching. 
***p < 0.01. 
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hospitalizations and ER visits. 
The Cox proportional hazards regressions demonstrate reduced 

mortality, hospitalization, and ER visits for patients with COPD-CRF 
who are prescribed NIVH compared to their matched controls. These 
benefits decrease over time for survival and emergency room visits, but 
remain consistent for hospitalizations. 

In the first year following CRF diagnosis, a significantly lower per-
centage of patients prescribed NIVH died compared to the control group 
(28% vs. 46%; p < 0.001). This difference translates to a one-year RD of 
18% and an RRR of 39% for mortality. The NNT to prevent a death at 
one year was 5.5. For hospitalizations and ER visits in the first year 
following CRF diagnosis, benefits of NIVH were also observed. Among 
patients prescribed NIVH, 55% experienced a hospitalization compared 
to 67% in the control group (p < 0.001) resulting in a one-year RD of 
11% and RRR of 17% for hospitalizations. The NNT to prevent a first 
hospitalization was 9. For ER visits, 72% of the NIVH treatment cohort 
experienced an ER visit compared to 92% of those not using NIVH. This 
results in a one-year RD of 20%, an RRR of 22% and an NNT to prevent a 
first ER visit of 5 [see Table 3]. 

4. Discussion 

This is the first study analyzing the effect of NIVH on clinical out-
comes in the U.S. Medicare population with COPD-CRF. Analyzing data 
from 2012 to 2018, we demonstrated that the use of NIVH was associ-
ated with statistically significant reductions in mortality, hospitaliza-
tions, and ER visits. 

Patients with COPD-CRF treated with NIVH within 2 months of CRF 
diagnosis showed a 50% reduction in risk of death, a 28% reduction in 
the risks of hospitalizations, and a 52% reduction in the risks of ER visits 
at CRF diagnosis compared to similar patients not treated with NIVH. 
While the reduced risk of hospitalization continued to accrue during the 

entire seven-year study period, the magnitude of the reduction in the 
risks of mortality and ER visits diminished over time and disappeared 
after 23 months and 24.5 months respectively. 

One year after CRF diagnosis, the results demonstrate an RD of 18% 
and an RRR of 39% for mortality in patients with COPD-CRF receiving 
NIVH compared to patients with COPD-CRF who were not treated with 
NIVH. These results are highly clinically significant, as currently the 
only COPD-CRF treatment with a larger mortality reduction is smoking 
cessation [28]. The NNT to prevent a death one year following CRF 
diagnosis with NIVH was 5.5. 

Our results show a RD/RRR for first hospitalization of 11%/17% 
with an NNT to prevent a hospitalization of 9 one year after CRF diag-
nosis. For a first ER visit, the RD/RRR was 20%/22%, with a NNT to 
prevent an ER visit one year following CRF diagnosis of 5. As a hypo-
thetical exercise, we extrapolated these results to the full Medicare Fee- 
for-Service population and estimated that providing NIVH to the 

Fig. 1. Cox Proportional Hazards Regressions for A) overall survival, B) time to first hospitalization, C) time to first ER visit.  

Table 3 
Risk difference, relative risk reduction, and numbers needed to treat results.   

Events in 
treatment 
group 

Events 
in 
control 
group 

Risk 
Difference 

Relative 
Risk 
Reduction 

Number 
Needed 
to Treat 

Death 28% *** 46% *** 18% *** 39% *** 5.5*** 
(24.7%, 
31.9%) 

(40.9%, 
51.0%) 

(12.6%, 
23.5%) 

(30.4%, 
48.2%) 

(3.7, 
7.4) 

Hospitalization 55% *** 67% *** 11% *** 17% *** 9* 
(50.8%, 
59.8%) 

(61.4%, 
71.8%) 

(4.8%, 
17.9%) 

(8.0%, 
26.0%) 

(-1.0, 
18.7) 

ER visit 72% *** 92%*** 20%*** 22%*** 5*** 
(68.4%, 
75.4%) 

(98.4%, 
94.9%) 

(16.2%, 
24.3%) 

(17.8%, 
26.1%) 

(4.0, 
5.9) 

***p < 0.01, **p < 0.05, *p < 0.1. 
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patients with COPD-CRF could reduce the number of deaths by 135,000 
per year, hospitalizations by 64,000 per year, and ER visits by 151,000 
per year. 

The relatively high mortality rate of patients in this study is to be 
expected, as over 60% of the patients we observed were initially diag-
nosed with COPD-CRF while they were hospitalized. Previous literature 
demonstrated similar mortality risks for COPD patients who required 
invasive or non-invasive ventilation while hospitalized for an exacer-
bation [29]. In addition, our study findings are consistent with a ran-
domized controlled trial by Kohnlein et al. which showed the same rapid 
reduction in mortality among patients with COPD-CRF following the 
institution of NIVH as was seen in our study [4]. 

4.1. Limitations 

This study has a number of limitations, the most important of which 
is its retrospective and therefore non-randomized design. We used pro-
pensity score matching and included covariates in the regressions to 
control for potential selection bias introduced by the non-randomized 
nature of our data. Although the variables included in the matching 
procedure and as regression controls were carefully selected, we 
recognize that there are other important variables that might not have 
been included in this analysis. One important concern was immortal- 
time bias [9], which we addressed by selecting the shortest window to 
receiving treatment post index date that allowed for a sample large 
enough for sufficient analytic power. 

As the Medicare LDS does not report on Medicare non-fee for service 
populations, such as health management organizations or Part C Medi-
care Advantage Plans, the results of this study should not be generalized 
to these populations [30]. Additionally, since the level of compliance 
with prescribed NIVH treatment is not reported in the LDS claims data, 
we cannot comment as to any correlation between hours of use of NIVH 
and clinical outcomes. 

The limitations of the Medicare LDS also prevented us from deter-
mining the diagnostic criteria used by the providers assigning the CRF 
diagnoses. We do not know the proportion of study subjects that were 
hypercapnic or hypoxic nor the proportion that had CRF defined by 
other findings such as pulmonary function test (PFT) abnormalities or 
clinical characteristics. Hypercapnia was only identifiable through ICD- 
10-CM diagnosis codes, which were introduced in October 2015. The 
ICD-9-CM diagnosis codes did not provide enough detail to identify 
hypercapnia. However, while previous research on the efficacy of NIVH 
in COPD-CRF has been limited to hypercapnic patients on the assump-
tion that these patients are the most likely to benefit, no studies have 
been published which investigate this assumption. Our results suggest 
that clinical benefits are associated with NIVH use in patients diagnosed 
with COPD-CRF, but our study design and data limitations prevent us 
from demonstrating that any specific CRF phenotype benefits more from 
NIVH use than does any other. 

An important concern is that the clinical condition of individuals 
when they received NIVH might affect the results. Since 60% of our 
sample was hospitalized when the initial diagnosis of CRF was made, our 
study population cannot be described as clinically stable, and we do not 
know how many of these patients received invasive or non-invasive 
ventilation during the hospitalization in which they were diagnosed 
with CRF. 

Lastly, while we attempted to investigate outcomes for patients using 
bi-level devices (BPAP, HCPCS E0470) or respiratory assist devices 
(RAD, HCPCS E0471) to treat COPD-CRF, insufficient numbers of cases 
appeared in the Medicare LDS to allow for statistically meaningful 
conclusions as to their efficacy. Because of this, our results are specific to 
NIVH, and should not be generalized to patients with COPD-CRF that are 
treated with BPAP or RADS. 

5. Conclusions 

The use of NIVH in Medicare patients diagnosed with COPD-CRF is 
associated with lower risks of mortality, hospitalizations and ER visits 
when instituted within two months of CRF diagnosis. The magnitude of 
the benefit of NIVH diminishes over time for mortality and ER visits, but 
remains constant for hospitalizations throughout the seven-year study 
period. Our findings suggest NIVH could be an important treatment 
option for patients with COPD-CRF, and more patients may benefit from 
the use of NIVH than the small number currently being prescribed this 
therapy. 
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