
eAppendix 

In this eAppendix, we present the results of sensitivity analyses examining the effect of non-

invasive ventilation at home (NIVH) on time to death, time to first hospitalization, and time to 

first ER visit. We performed Cox regressions using time-varying exposure to NIVH on 

individuals with chronic obstructive pulmonary disease with chronic respiratory failure (COPD-

CRF). Our sensitivity analyses samples retained all qualifying COPD-CRF patients who received 

NIVH regardless of when this therapy was started, whereas our primary analysis restricted the 

sample to those who received NIVH within the first two months following CRF diagnosis. This 

change added 521 patients, and resulted in a total sample size of 37,178 patients. 

 

We estimated three models: (1) a naïve Cox model that only includes time-varying exposure to 

NIVH, (2) model 1 plus controls for demographic and clinical characteristics, and (3) model 2 

with bootstrapped standard errors. We also calculated the risk difference (RD), relative risk 

reduction (RRR), and numbers needed to treat (NNT) at one year after CRF diagnosis.  

 

Results 

Table 1 shows the results of the Cox models for all endpoints. Not controlling for demographic 

and clinical characteristics, we observed a reduction in risk of death of 7.4% (HR: 0.926, 95%CI: 

0.826–1.039) for individuals receiving NIVH compared to individuals not receiving NIVH. This 

result was not significant. When controlling for demographic and clinical characteristics and 

adding bootstrapped standard errors, we observed that NIVH increased the risk of death by 

14.4% (HR: 1.144, 95%CI: 1.027-1.262). In the main analysis, we observed the survival benefit 

of NIVH to be the largest right after CRF diagnosis and diminishing over time. We no longer 

observed a survival benefit at 69 weeks. The diminishing survival benefit of NIVH observed in 

the main analysis and the change in direction of the effect of NIVH on survival using the full 

COPD-CRF sample in the sensitivity analysis suggests that the timing of NIVH treatment is an 

important factor in reducing the risk of death in COPD-CRF patients. To explore this possibility, 

we compared the number of days from the start of the treatment period in which patients died 

until death between those who died in the main analysis and those who died in the sensitivity 

analysis. In the main analysis, 17% of patients who died while on treatment did so within 30 

days of treatment initiation, while in the sensitivity analysis, 20% of those who died did so 



within 30 days of treatment initiation. Similarly, the difference in death rates following NIVH 

initiation at 90 days and 180 days is 33% vs 37% and 50% vs 56% respectively between the 

main and sensitivity analyses. We also compared the mean and median number of days a patient 

lived after starting NIVH during the treatment period in which they died based on whether this 

treatment period began before or after the first 60 days following CRF diagnosis. We found that 

patients lived on average 268 days (median of 184 days) after treatment initiation if it occurred 

within two months of CRF diagnosis, compared to 192 days (median of 132 days) if treatment 

imitation occurred later than two months after CRF diagnosis (median are significantly different 

at p=0.038 using Wilcox rank sum test). These simple assessments support a hypothesis that 

patients receiving delayed treatment die more quickly once starting therapy than patients who 

start NIVH sooner following the diagnosis of COPD-CRF.   

 

For healthcare utilization, we observe a significant reduction in risk of hospitalization and ER 

visit of 26.3% (HR: 0.737, 95%CI: 0.818-0.838) and 44.2% (HR: 0.558, 95%CI: 0.490-0.634), 

respectively, in patients treated with NIVH compared to patients not treated with NIVH in the 

naïve Cox model. When adding demographic and clinical covariates and bootstrapped standard 

errors, these results remained largely the same. Patients receiving NIVH experienced a 

significant reduction in risk of hospitalization of 19.2% (HR: 0.808, 95%CI: 0.658-0.949) and a 

significant reduction in risk in ER visit of 42.8% (HR: 0.572, 95%CI: 0.494-0.650). These results 

are similar to the results in the main analysis.  

 

Table 1 Primary and secondary results, hazard ratios 

 Outcome (1) Naive model 

HR 

(95% CI) 

(2) Model with 

covariates 

HR 

(95% CI) 

(3) Model with covariates 

and bootstrapped standard 

errors 

HR 

(95% CI) 

Time to death 
0.962 

(0.826, 1.039) 

1.144** 

(1.020, 1.284) 

1.144*** 

 (1.027, 1.262) 

Time to first hospitalization 
0.737*** 

(0.646, 0.840) 

0.808*** 

(0.709, 0.921) 

0.808*** 

(0.686, 0.930) 



Time to first ER visit 
0.558*** 

(0.490, 0.634) 

0.572*** 

(0.503, 0.651) 

0.572*** 

 (0.494, 0.650) 

*** p<0.01, ** p<0.05, *p<0.1 

Abbreviations: CI = Confidence Interval, HR = Hazard Ratio, NIVH = Non-invasive ventilation 

at home 

 

Table 2 shows the RD, RRR, and NNT at one year after CRF diagnosis for each outcome. For 

mortality, we estimated that more patients on NIVH experienced death than patients who did not 

receive NIVH (50.1% versus 45.9%). As a result, the RD, RRR, and NNT for mortality are 

negative. This is consistent with the result of the Cox regression shown in Table 1.  

 

For hospitalizations, NIVH is associated with an RD and RRR of 7.5% (95%CI: 1.4%-13.5%) 

and 11.0% (95%CI: 2.1%-19.8%), respectively. To prevent a patient having a hospitalization 

within a year of CRF diagnosis, we need to treat 13.4 patients. For ER visits, NIVH is 

association with an RD of 17.3% (95%CI: 11.6%-23.1%) and an RRR of 19.6% (95%CI: 13.2%, 

26.1%). NNT is 5.8 patients to prevent an ER visit within a year of CRF diagnosis.  

 

Table 2 Risk difference, relative risk reduction, and number needed to treat, by outcome  

Outcome  % with event 

(treatment 

group) 

% with event 

(control 

group) 

Risk 

difference 

(95% CI) 

Relative risk 

reduction 

(95% CI) 

Number 

needed 

to treat 

(95% CI) 

Mortality 50.1%*** 

(45.2%, 

46.5%) 

45.9%*** 

(45.8%, 

54.5%) 

-4.3%* 

(-8.7%, 

0.2%) 

-9.3%* 

(-18.9%, 

0.3%) 

-23.5 

(-124.2, 

77.1) 

Hospitalizations 60.8%*** 

(54.8%, 

66.9%) 

68.3%*** 

(67.6%, 

69.0%) 

7.5%** 

(1.4%, 

13.5%) 

11.0%** 

(2.1%, 

19.8%) 

13.4*** 

(7.6, 19.1) 



ER visits 70.9%*** 

(65.2%, 

76.6%) 

88.3%*** 

(87.8%, 

88.7%) 

17.3%*** 

(11.6%, 

23.1%) 

19.6%*** 

(13.2%, 

26.1%) 

5.8*** 

(4.6, 6.9) 

*** p<0.01, ** p<0.05, *p<0.1 

 

Conclusion 

The primary analysis presented in the paper indicates receiving NIVH treatment provides 

benefits for survival, hospitalizations, and ER visits. The finding that NIVH is associated with 

decreased survival in the sensitivity analysis suggests interesting differences between patients 

included in the main analysis – those who receive NIVH within two months of CRF diagnosis – 

and patients in the sensitivity analysis – those who receive NIVH at any time during the study 

period. Importantly, the time-varying covariate approach allows us to observe death at any time 

at the start of a new treatment window. Including patients treated with NIVH later in the course 

of their disease, likely means these patients were sicker at the time they received treatment and 

which minimized the potential benefits of therapy. In fact, given how infrequently NIVH is used 

in current day practice, this analysis may be pointing out that withholding NIVH until late in the 

disease course of COPD-CRF markedly limits the chances of reducing mortality. Upon further 

examination, we found that during treatment periods occurring after the two-month window used 

in the main analysis, median death occurred significantly earlier compared to treatment periods 

starting during the first two months after CRF diagnosis. This supports our hypothesis and 

increases our confidence in the findings of the main analysis. 

 

 


