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  Introduction 

 Chronic respiratory diseases, whether obstructive or restrictive in their lung 
function impairment, frequently result in chronic respiratory failure (CRF). 
In these patients, life expectancy is approximately 4 years when the forced 
expiratory volume in 1 second (FEV 1 ) is 1.0 L and little more than 2 years 
when the FEV 1  is about 0.5 L ( 1 ). 

 Survival is improved by long-term oxygen therapy (LTOT) ( 2 ,  3 ). LTOT 
has also been shown to improve survival by about 3.5 years in patients with 
hypoxemic chronic obstructive pulmonary disease (COPD), but survival is 
worse if more severe airfl ow limitation is present when oxygen therapy is 
started ( 4 ). A number of studies have sought to identify survival or outcome 
predictors in patients with severe hypoxemia but their fi ndings are inconsis-
tent ( 5 – 7 ). For example, measurements from lung spirometry are not clear 
and consistent predictors of mortality. 

  Abstract 

 Previous studies sought to identify survival or outcome predictors in patients with 

COPD and chronic respiratory failure, but their fi ndings are inconsistent. We identifi ed 

mortality-associated factors in a prospective study in 21 centers in 7 countries. 

Follow-up data were available in 221 patients on home mechanical ventilation and/

or long-term oxygen therapy. Measurements: diagnosis, co-morbidities, medication, 

oxygen therapy, mechanical ventilation, pulmonary function, arterial blood gases, 

exercise performance were recorded. Health status was assessed using the COPD-

specifi c SGRQ and the respiratory-failure-specifi c MRF26 questionnaires. Date and 

cause of death were recorded in those who died.   Overall mortality was 19.5%. The 

commonest causes of death were related to the underlying respiratory diseases. At 

baseline, patients who subsequently died were older than survivors (p = 0.03), had 

a lower forced vital capacity (p = 0.03), a higher use of oxygen at rest (p = 0.003) 

and a worse health status (SGRQ and MRF26, both p = 0.02). Longitudinal analyses 

over a follow-up period of 3 years showed higher median survival times in patients 

with use of oxygen at rest less than 1.75 l/min and with a better health status. In 

contrast, an increase from baseline levels of 1 liter in O 2  fl ow at rest, 1 unit in SGRQ 

or MRF26, or 1 year increase in age resulted in an increase of mortality of 68%, 

2.4%, 1.3%, and 6%, respectively. In conclusion, the need for oxygen at rest, and 

health status assessment seems to be the strongest predictors of mortality in COPD 

patients with chronic respiratory failure.      
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 It is not clear if non-invasive positive pressure venti-
lation is able to improve survival in COPD patients with 
stable severe COPD ( 8 ). However, in a 2-year study per-
formed in 140 patients with severe hypercapnic COPD 
two year survival rates were higher in ventilated com-
pared to non-ventilated patients (1 year, 87.7% versus 
56.7%; 2 years, 71.8% versus 42%, p = 0.001) ( 9 ). 

 Health status is impaired in patients with severe 
hypoxia and the degree of impairment is correlated with 
the level of hypoxia ( 9 ,  10 ). Health status has previously 
been tested as a predictor of mortality of death in hypoxic 
COPD, but mainly using general health measures ( 11 , 
 12 ), which are now known to be insensitive in COPD. 
More recently scores of disease-specifi c questionnaires 
such as SGRQ were found to predict mortality ( 13 ), 
and poor health status measured using COPD-specifi c 
questionnaires has been shown to be associated with a 
greater likelihood of death or hospitalization ( 14 ,  15 ). 
Looking specifi cally at mortality, there have now been 
three studies that have examined predictive factors in 
patients with moderate COPD ( 16 – 18 ). 

 Th e fi rst is a retrospective analysis of patients partici-
pating in a pulmonary rehabilitation program in which 
functional status was shown to be a more powerful 
predictor of mortality than the FEV 1  ( 16 ). Two prospec-
tive studies have been performed in patients with non-
hypoxic COPD; these were confi ned almost exclusively 
to male patients. One showed that age, FEV 1 , body 
mass index and health status measured using the SGRQ 
were all signifi cant independent predictors of mortal-
ity ( 17 ), but exercise capacity was not measured in that 
study. Th e other study measured peak oxygen uptake 
(VO 2 max) during ergometer exercise and found that 
age, FEV 1 , VO 2 max and disease-specifi c health status 
(SGRQ) were predictors of mortality ( 18 ). Few studies 
have followed patients for longer periods of time COPD 
or included patients with CRF and LTOT ( 5 ). 

 To identify the factors that determine mortality in 
end-stage patients with CRF of various causes includ-
ing COPD, we designed a 3-year prospective study that 
recruited male and female patients from centers in a 
number of countries (the Quality of Life Evaluation 
and Survival Study – QuESS) ( 19 ). To ensure that we 
explored all possible factors, we examined a very wide 
range of possible determinants of mortality, including 
demographic, clinical, physiological, and health status 
measurements. Results described in this article are lim-
ited to the population of COPD patients.  

  Methods 

  Study design 
 Twenty-one study centers in 7 countries (Canada, Czech 
Republic, Italy, Japan, Spain, UK, and USA) contributed 
patients. All participated on a voluntary basis, and none 
received fi nancial support. Patients were enrolled from 
January 1999 to December 2000 and followed for three 
years. Th e patients were seen at baseline and at 6, 12, 

24 and 36 months from baseline ( 19 ). All subjects were 
outpatients with COPD and CRF, ex-smokers, requir-
ing the use of overnight home mechanical ventilation 
(HMV) and/or LTOT at the time of enrollment and 
clinically stable at the time of entry. Inpatients, unstable 
patients, those with a history of allergic rhinitis, asthma, 
drug abuse, lung cancer, neuromuscular disorders, sleep 
apnea, poor motivation or major psychiatric disorders 
were excluded. Th e Maugeri Foundation Ethical Com-
mittee reviewed the study and approved its conduct.  

  Measurements 
 At baseline, data on diagnosis, co-morbidities, medica-
tions, long-term oxygen therapy (years of use before 
enrolment, source, fl ow rates, hours/day), mechanical 
ventilation (years of use before enrolment, hours/night), 
pulmonary function tests (PFTs), arterial blood gases on 
room air (ABGs), exercise performance, and health sta-
tus were recorded. At follow-up, all measurements were 
repeated and data concerning exacerbations, hospital-
izations, antibiotics and corticosteroid courses were 
recorded. Th e date and cause of death were recorded in 
those who died ( 19 ). 

 Spirometry was performed in accordance to the 
 American Th oracic Society criteria ( 20 ) PFTs were 
measured at least 15 minutes after the administration of 
 salbutamol 200 mcg. Arterial blood gases were measured 
while breathing room air. Exercise performance was mea-
sured using the shuttle walking test (SWT) ( 21 ), chosen 
because it could be standardized across all study centers. 

 Dyspnea was evaluated by the Medical Research 
Council Dyspnoea Questionnaire ( 22 ). Health status 
was assessed with a generic questionnaire, the Medi-
cal Outcomes Study Short-Form Health Survey (SF-36) 
( 23 ) and two disease-specifi c instruments, i.e., the St 
George's Respiratory Questionnaire (SGRQ) ( 24 ) and the 
Maugeri Foundation Respiratory Failure Questionnaire 
(MRF26) ( 25 ). Th e SF-36, originally validated in 11,186 
subjects, has been found to be a valid measure of health 
in both asthmatic and COPD patients. Th e SGRQ is a 
disease-specifi c questionnaire for chronic lung disease 
with a total and three components scores for: Symp-
toms, Activity and Impacts (which addresses social and 
psychological eff ects of the disease). Th e Maugeri Foun-
dation Respiratory Failure Questionnaire (MRF26) is a 
measure developed specifi cally for chronic respiratory 
failure ( 9 ). In contrast to SGRQ, its items were selected 
to be applicable to patients with obstructive or restrictive 
diseases with chronic respiratory failure and it defi nes 
two areas of health impairment due to CRF not identifi ed 
by SGRQ. It has two components: Activity and Perceived 
Invalidity. Mood status was assessed using the Hospital 
Anxiety and Depression Scale (HAD) ( 26 ).  

  Statistical analyses 
 Unpaired  t -tests were used for univariate analyses com-
paring LTOT vs. LTOT+HMV groups, and patients 
who subsequently died or survived. Receiver-operating 
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characteristics (ROC) analysis ( 27 ) was applied to defi ne 
cut-off  points for the baseline variables that were found 
in the univariate analyses to be statistically diff erent 
between ‘survivors’ and ‘subsequently died.’ Th e ROC 
curve allowed identifi cation of a cut-off  value with the 
highest sensitivity and specifi city for predicting mortal-
ity. Using this cut-off  value, patients were categorized 
into ‘more impaired’ (values above the ROC threshold 
for age, oxygen fl ow, SGRQ and MRF-26; values below 
the ROC threshold for FEV 1  and FVC) and ‘less impaired’ 
(values below the ROC threshold for age, oxygen fl ow, 
SGRQ and MRF-26; values above the ROC threshold for 
FVC). Longitudinal analysis using Kaplan–Meier esti-
mates and log-rank test was used to compare survival 
curves of ‘more’ and ‘less impaired’ subjects, as defi ned 
above. Cox's semi-parametric hazards model was used 
to test the association between the baseline variables 
and mortality and to estimate the risks of mortality. 

 Variables included in the Cox models were age, FVC%, 
LTOT/rest, SGRQ score (Total and Impact), MRF26 score 
(Total and Activity) and sex. A backward elimination 
approach (Likelihood Ratio) was used to select the vari-
ables associated with mortality; entry and removal criteria 
for the procedure were set at 0.05 and 0.10, respectively. 
Only results of the fi nal models are shown in this article.   

  Results 

  Patients 
 A total of 319 COPD patients were recruited. Ten 
patients were lost to follow-up due to the withdrawal of 
two centers. At one year, complete follow-up data were 
available for 221 patients (Table  1 ). At baseline, 18% of 
patients had one co-morbid condition, 13% had two, and 
23% had three or more co-morbidities. All subjects were 
on LTOT, 23 also received overnight HMV. LTOT had 
been started on average 2.8 ± 2.5 years before the study. 
Th e number of years of mechanical ventilation before 
the study was 2.5 ± 2.5 years. Principal baseline charac-
teristics of subjects at enrollment are shown in Table  1 . 
We did not fi nd any statistical diff erence between the 
two groups of subjects, ventilated vs. not ventilated, 
apart from age (ventilated patients were younger) and 
FEV 1 /FVC (ventilated patients had a higher ratio).  

 Th ree years after enrollment, 178 participants were 
still alive and 43 had died (19% mortality). Males had 
a mortality rate higher than women, almost double, 
although not statistically signifi cant (22.5% vs 11.7%, p = 
0.064). Th e commonest cause of death was respiratory-
related in 33 patients (85% acute on chronic respiratory 
failure). Non-respiratory diseases caused death in 10 
patients (60% cardiac disease).  

  Univariate analysis – all cause mortality 
 Th e patients who died over three years of follow-up were 
3 years older at baseline than the survivors (p = 0.03) 
(Table  2 ). Th ey had a more impaired FVC (p = 0.03) and 
required a slightly higher resting oxygen fl ow prescrip-

tion (p = 0.003). Baseline health status scores for SGRQ 
were signifi cantly worse in the patients who subsequently 
died (Total and Impact scores; both p = 0.02), similarly 
with the MRF26 (Total score, p = 0.02; and Activity score, 
p = 0.004).   

  Survival curves – All cause mortality 
 We created survival curves using Kaplan–Meier esti-
mates. For each of the continuous variables identifi ed as 
predictors of mortality in the univariate analyses, ROC 
curves were used to establish cut-off  points between 
patients who survive and those who did not. Th ese were: 
Age 67 years; FVC 49.5% predicted; Oxygen fl ow at rest 
1.75 L/min; SGRQ Total score 61.5%; SGRQ Impact 
score 51.5%; MRF26 Total score 40.4%; MRF26 Activity 
score 50.1%. Using these thresholds, patients were strat-
ifi ed into ‘more impaired’ and ‘less impaired.’ Kaplan–
Meier survival curves were estimated and comparisons 
among subgroups were performed using log-rank tests. 
When categorized in this way, there was no eff ect of age 
and FVC on survival, but Oxygen fl ow at rest, and total 
scores for SGRQ and MRF26 were associated with dif-
ferent median time of survival (Figures  1     – 4 ).     

 Table 1.    Principal baseline characteristics of the 221 subjects at enrollment; 
198 were on LTOT and 23 on LTOT+ HMV  

All patients 
N = 221

LTOT 
N = 198

LTOT + HMV 
N = 23 p-value

Age (yr) 67.8 ± 8.2 68.4 ± 7.8 63.0 ± 9.6  0.003 

Male sex (%) 72,4 72,2 73,9 0.893

BMI 26.2 ± 5.5 26.1 ± 5.3 27.3 ± 6.5 0.512

FVC (% predicted) 59.6 ± 19.9 60.1 ± 20.0 55.3 ± 19.5 0.302

FEV 1  (% predicted) 34.4 ± 15.2 34.4 ± 15.0 34.2 ± 18.0 0.765

FEV 1 /FVC 46.5 ± 16.3 45.4 ± 15.0 56.7 ± 23.0  0.020 

SWT (meters) 179 ± 120 180 ± 123 174 ± 99 0.234

pH 7.398 ± 0.034 7.399 ± 0.003 7.386 ± 0.053 0.352

PaO 2  (mmHg) 56.0 ± 9.2 55.6 ± 8.9 59.5 ± 11.4 0.434

PaCO 2 , (mmHg) 47.3 ± 9.1 47.1 ± 9.1 49.5 ± 8.7 0.876

O 2 -rest (L/min) 1.7 ± 0.7 1.7 ± 0.7 1.6 ± 0.9 0.887

MRC-Dyspnea 3.2 ± 1.3 3.2 ± 1.3 3.2 ± 1.4 0.899

HAD-Anxiety 6.4 ± 4.5 6.4 ± 4.6 6.8 ± 3.9 0.567

HAD-Depression 6.5 ± 4.0 6.4 ± 4.1 7.3 ± 3.9 0.346

SF36-MCS 47.4 ± 11.5 47.4 ± 11.4 47.8 ± 12.6 0.787

SF36-PCS 34.3 ± 9.5 34.2 ± 9.7 35.4 ± 7.0 0.668

SGRQ-Total 53.1 ± 17.3 53.5 ± 17.2 49.6 ± 17.7 0.305

SGRQ Symptoms 51.6 ± 23.4 52.4 ± 23.4 45.0 ± 22.9 0.212

SGRQ Activity 69.0 ± 20.7 69.8 ± 20.0 62.9 ± 25.3 0.253

SGRQ Impact 44.4 ± 19.3 44.6 ± 19.5 43.0 ± 18.2 0.717

MRF26-Total 43.8 ± 25.4 44.0 ± 25.5 42.8 ± 25.1 0.838

MRF26 Activity 42.7 ± 28.9 43.2 ± 28.9 37.8 ± 28.6 0.393

MRF26 Impairment 45.0 ± 27.0 44.7 ± 27.1 47.8 ± 26.5 0.301

 *Data are summarized as mean and standard deviations.
  p-values are related to the unpaired  t -test comparing LTOT and LTOT+HMV. 
Bolded values indicate statistically signifi cant p-values. 
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 Seventy-eight percent of patients with a baseline  
 oxygen fl ow at rest < 1.75 L/min survived 3 years in 
comparison to 59% survival in the more hypoxic group 
(p = 0.001). Patients with the poorest health status had a 
3-year survival of 51% when categorized using the SGRQ 
total score, and 54% when categorized with the MRF26 
total score. By contrast, patients with better health had 
better survival, 76% when categorized using SGRQ and 
83% when using the MRF26 (p < 0.001 for all parameters 
except MRF26 Total score p < 0.019).  

 Table 2.    Baseline predictors of mortality: univariate approach  

Parameter
Fatal cases 
 (mean ±SD) 

Non-fatal cases 
 (mean ±SD) p-value

Age (yr) 70.30 ± 5.40 67.21 ± 8.62  0.030 

Male Sex (n,%) 36 (84%) 124 (70%) 0.064*

BMI 25.07 ± 5.32 25.70 ± 5.72 0.465

FVC (% pred) 53.76 ± 17.49 61.07 ± 20.27  0.030 

FEV 1  (% pred) 31.51 ± 15.27 35.55 ± 15.55 0.086

FEV 1 /FVC 51.38 ± 19.19 50.24 ± 20.63 0.701

SWT (meters) 147.77 ± 85.98 184.15 ± 118.24 0.200

LTOT/rest (L/min) 1.95 ± 0.56 1.59 ± 0.73  0.003 

PaO 2  (mmHg) 55.35 ± 11.34 58.79 ± 10.57 0.067

PaCO 2  (mmHg) 49.86 ± 11.74 47.49 ± 8.59 0.096

MRC-dyspnea 3 (1–5) 3 (1–5) 0.170**

HAD-Anxiety 7.5 (0–18) 6 (0–19) 0.180**

HAD-Depression 8.5 (0–17) 6 (0–17) 0.070**

SF36-MCS 45.25 ± 12.16 47.06 ± 12.08 0.337

SF36-PCS 32.65 ± 9.81 34.82 ± 9.69 0.150

SGRQ-Total 58.79 ± 16.46 51.70 ± 17.20  0.020 

SGRQ-Symptoms 58.14 ± 22.35 50.43 ± 24.46 0.110

SGRQ-Activity 73.72 ± 17.93 67.69 ± 20.37 0.094

SGRQ-Impact 50.58 ± 18.49 42.91 ± 19.31  0.020 

MRF26-Total 52.24 ± 24.49 41.81 ± 25.26  0.020 

MRF26-Activity 53.85 ± 30.35 39.97 ± 27.93  0.004 

MRF26-Impairment 10.07 ± 3.35 5.48 ± 3.42 0.216

   *Chi-square test.  
  **Median (min-max), Mann–Whitney test
Bolded values indicate statistically signifi cant p-values. .   

 Figure 1.    Survival curves of patients with chronic respiratory failure stratified 
for age; “More impaired” and “less impaired” subgroups were identified 
according to cut-off points of the ROC analysis. “More impaired” patients 
(dashed lines) presented a higher mortality than “less impaired” patients 
(continuous lines). P-value was calculated using the Log-Rank test. Older 
people (age > 67 yrs; n = 132) showed a trend in reduced survival; however, 
this was not statistically different with less older people (age ≤ 67 yr; n = 89), 
p = 0.178.  

 Figure 3.    Survival curves of patients with chronic respiratory failure stratifi ed for 
SGRQ total score. “More impaired” and “less impaired” subgroups were identifi ed 
according to cut-off points of the ROC analysis. “More impaired” patients (dashed 
lines) presented a higher mortality than “less impaired” patients (continuous lines). 
P-value was calculated using the Log-Rank test. Patients with poorer health status 
(SGRQ Tot > 61.5; n = 76) had a higher mortality rate in comparison to patients who 
had a better health status (SGRQ Tot ≤ 61.5; n = 141), p = 0.001.  

 Figure 2.    Survival curves of patients with chronic respiratory failure stratifi ed for 
Oxygen fl ow at rest. “More impaired” and “less impaired” subgroups were identifi ed 
according to cut-off points of the ROC analysis. “More impaired” patients (dashed lines) 
presented a higher mortality than “less impaired” patients (continuous lines). P-value 
was calculated using the Log-Rank test. Patients who used more than 1.75 L/min. of 
oxygen at rest (n = 112) had a higher mortality rate in comparison to patients who used 
less oxygen (≤1.75 L/min; n = 97), p = 0.001.  
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  Cox models—All cause mortality 
 Th e proportional risk of mortality associated with the 
diff erent predictors was evaluated using Cox models: 
an increase from baseline levels of 1 year of age, 1 L 
in oxygen fl ow at rest and 1 unit in SGRQ or MRF26 
resulted in increased risk of mortality of 6%, 68%, 2.4% 
and 1.3% respectively (Table  3 ). Previous studies ( 28 ) 
have shown that a SGRQ score of 4 units is the thresh-
old of clinical signifi cance using this questionnaire. 
From the multivariate analysis, we calculated that, 
controlling for age and oxygen fl ow at rest, a 4-unit dif-
ference in SGRQ in our group of patients was associ-
ated with an 10% increased risk of mortality over the 
1-year period. Th is association was independent of the 
baseline score.  

  Discussion 

 Predictors of mortality in patients with chronic respira-
tory failure and COPD have been analyzed in various 
studies but fewer studies considered a period of time 
more than 2 years. Furthermore, none of such studies 
considered health status among the predictors. Th is 
3-year prospective study has shown that age, forced 
vital capacity, oxygen fl ow at rest and disease-specifi c 
health status are independent predictors of mortality 
in patients with COPD and chronic respiratory failure. 
Other physiological factors such as exercise perfor-
mance were not related to three-year survival. 

 Age was a predictor of mortality, consistent with 
other studies involving less severe COPD patients ( 17 , 
 18 ,  29 ), although in studies of patients with respiratory 
failure, age has been an inconsistent determinant of 
mortality ( 5 ,  7 ). 

 Resting hypoxemia was not identifi ed as a mortality 
predictor in our sample of patients with CRF and COPD, 
and reduced PaO2 was claimed to predict mortality in 
hypoxemic COPD patients in one study ( 5 ), but not in 
some others ( 3 ,  17 ). 

 Hypercapnia was found to be a negative prognostic 
factor in other studies ( 2 ,  5 ), but in our large study, with a 
comparable evaluable sample of patients who were more 
severe, we did not confi rm hypercapnia as a predictor 
of mortality. Th is might have been the result of a lower 
prevalence of patients with COPD and hypercapnic CRF 
in our sample, as well as the result of a less severe hyper-
capnia at baseline. Th us it appears that, between studies, 
PaO2 and PaCO2 vary in their predictive ability, but this 
may refl ect the range of arterial blood gas changes in 
the diff erent study populations rather than feature of the 
physiological disturbance. 

 Few studies have analyzed supplemental oxygen 
requirement at rest as a predictor of mortality. Ours is 
the fi rst demonstration that oxygen requirement at rest, 
an indirect measure of disease severity for both COPD 
and CRF, predicts mortality and this eff ect was found to 
be independent of age or health status. 

 In our study as in the others, the FEV 1  was not a pre-
dictor of mortality ( 5 ,  7 ), although some studies reported 
that FEV 1 /FVC ratio was an inconsistent or weak deter-
minant of mortality ( 5 ,  7 ). Th is is quite unlike patients 
with less severe disease ( 17 ,  18 ,  29 – 31 ). Lung function 
(FEV 1 ) decline was evaluated as a predictor of mortal-
ity and lower or normal rates were found in long-term 
survivors in the Obstructive Lung Disease in Northern 
Sweden (OLIN) Study, with a 20-year follow-up period. 

 It also reported a survival rate of 19% in subjects 
with baseline severe and very severe COPD. Th at study 
also showed that age, male sex, disease severity and 
co-morbid ischemic heart disease or cardiac failure at 
entry are all predictors of mortality ( 32 ). Th e absence 
of an eff ect of FEV 1  on survival in severe patients may 
be explained by the fact that, in advanced COPD, 
secondary consequences of severe hypoxemia such 

 Table 3.    Hazard ratios and 95% confi dence intervals from Cox models for all-
cause mortality  

HR (95% CI) p-value

Model 1*

 Age (years) 1.06 (1.01–1.10) 0.015

 O 2  fl ow at rest (L/min) 1.68 (1.18–2.41) 0.004

 SGRQ total (score) 1.024 (1.01–1.04) 0.011

Model 2†

 Age (years) 1.05 (1.01–1.10) 0.018

 O 2  fl ow at rest (L/min) 1.56 (1.09–2.23) 0.015

 MRF26 total (score) 1.013 (1.00–1.02) 0.018

   *In model 1, the SGRQ was used as the measure of health status. Model 1 is based on 
205 individuals and 43 deaths. Removed variables: SGRQ Impact, FVC%, Sex.  
†In model 2 the MRF26 was used as the measure of health status. Model 2 is based on 
207 individuals and 43 deaths. Removed variables: MRF26 Total score, FVC%, Sex.   

 Figure 4.    Survival curves of patients with chronic respiratory failure stratifi ed 
for MRF26 total score. “More impaired” and “less impaired” subgroups were 
identifi ed according to cut-off points of the ROC analysis. “More impaired” 
patients (dashed lines) presented a higher mortality than “less impaired” patients 
(continuous lines). P-value was calculated using the Log-Rank test. Patients with 
poorer health status (MRF-26 Tot > 40.4; n = 118) had a higher mortality rate in 
comparison to patients who had a better health status (MRF-26 Tot ≤ 40.4; n = 
103), p = 0.019.  
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as cor pulmonale or pulmonary hypertension may be 
more important determinants of mortality. However, 
hemodynamic parameters such as right ventricular 
ejection fraction, pulmonary artery pressure were not 
constantly or consistently reported as being predictors 
of mortality in severe COPD patients ( 33 ,  34 ) and, con-
sequently, were not considered as outcome measures 
in our study. 

 Another new and interesting fi nding of our study 
was the demonstration of FVC as a baseline predictor 
of mortality in the univariate analysis. Th is could mean 
that either persistent static over-infl ation or severe 
emphysema can negatively impact disease prognosis 
in severe COPD: in fact both static hyperinfl ation (as 
assessed with IC to TLC ratio) and severe emphysema 
(assessed by HRCT) were demonstrated to be strong 
predictors of mortality in moderate-to very severe 
COPD patients ( 35 ,  36 ). In another study performed in 
patients with COPD and hypercapnic CRF undergoing 
noninvasive ventilation, static hyperinfl ation evaluated 
with residual volume/total lung capacity was identifi ed 
as an independent predictor of mortality ( 37 ). Due to 
the methodological limitations of this study it was not 
possible to establish if hyperinfl ation or severe emphy-
sema was associated with mortality in end-stage COPD 
patients, and therefore a more in depth analysis on these 
issues in subsequent studies is justifi ed. 

 Recently, it has been demonstrated that gas transfer 
of carbon-dioxide provides prognostic information on 
survival of patients with COPD ( 38 ) compared to spi-
rometry. In our study, as the QuESS was a multicenter 
study, it was not possible to obtain measurement of gas 
transfer from all the centers involved. 

 Tests of exercise capacity provide an integrative mea-
sure of overall cardiac, pulmonary and skeletal muscle 
function. In patients with moderate COPD, VO2max 
was the best predictor of mortality ( 18 ). In patients with 
hypoxia, data from the NOTT study show that patients 
with a baseline work capacity less than 35 watts had a 
higher mortality (42%) than those with better exercise 
capacity (24%), but no statistical test was reported ( 2 ). 
More recently 6MWT distance ( 39 ) and physical activity 
( 40 ) were identifi ed as being strong predictors of mortal-
ity in patients with severe ( 39 ) or moderate COPD ( 40 ). 

 By contrast, we did not fi nd an association between 
exercise capacity and death, despite using an incremen-
tal maximum exercise test. We chose the shuttle test 
because it is simple, incremental and can be standard-
ized easily between centers, unlike the 6-minute walk. 
Moreover, it has minimal ‘learning eff ects’ on repeated 
testing, and is able to produce results that are equivalent 
to those obtained from a conventional treadmill test in 
terms of peak oxygen uptake ( 41 ). 

 A more recent study ( 42 ) demonstrated that exercise 
capacity evaluated with the 6MWT and included in the 
composite index BODE was able to predict mortality 
in patients with stable COPD, but given the diff erences 
in the method of assessment of exercise capacity it was 

not possible to assess its predictor validity in hypoxemic 
COPD. Similarly, it was demonstrated that BODE is a 
valid indices to predict mortality in COPD ( 43 ). 

 Impaired health status at baseline was also found to 
be a predictor of mortality in patients with COPD and 
CRF. Th is study used questionnaires that were designed 
specifi cally to assess health status in chronic respiratory 
diseases, without or with CRF. Very similar results were 
obtained using the SGRQ and the MRF26, which are 
two disease-specifi c questionnaire that were developed 
using entirely diff erent methodologies. Scores for these 
instruments, which address a broad range of eff ects of 
chronic lung disease and respiratory failure on daily 
functioning, were the powerful predictors of mortality 
in the univariate analyses in our study. In other studies, 
in less advanced COPD, disease-specifi c health status 
measured using the SGRQ ( 17 ,  18 ) was a predictor of 
mortality, but another disease specifi c measure for 
COPD (the Chronic Respiratory Questionnaire) did not 
predict death ( 18 ). 

 Th e predictive validity of health status questionnaires 
found in our study is compatible with the large body of 
evidence concerning the validity of these instruments 
which correlate with a range of physiological measures 
including exercise performance, arterial PaO2, respira-
tory symptoms, disability, exacerbation frequency and 
psychological status ( 44 ). Th ey provide comprehensive 
coverage of numerous diff erent eff ects of chronic respi-
ratory disease, so it is not surprising that they also relate 
to mortality, which can be the end-result of a number 
of diff erent patho-physiological processes. Th e deter-
minants of mortality appear to diff er, depending on the 
severity of the underlying disease, only FVC and dis-
ease-specifi c health status measurements appear to be 
consistent predictors across diff erent levels of severity. 

 Health status measurements are now widely used in 
chronic respiratory diseases and there is a large body of 
data concerning their use. In our study, carried out in 
patients with a high risk of mortality, a 4-unit diff erence 
in baseline SGRQ score [the minimum clinically impor-
tant diff erence ( 28 )] was associated with a 8% diff erence 
in one-year mortality even after age and oxygen fl ow at 
rest were taken into account. In milder patients, with 
approximately half the mortality rate, a 4-unit diff erence 
score was associated with a 5.1% diff erence in risk of 
death ( 17 ). Th us the clinical signifi cance of diff erences 
in SGRQ score, at least in terms of its relationship to 
mortality, may depend on the underlying severity of the 
disease. 

 In terms of mortality rate, in our cohort involving 
patients with chronic respiratory failure and COPD, the 
three year cumulative survival rate was 80.5%, which 
was higher than the 2-year survival rate of patients in 
other studies ( 45–49 ). 

 Limitations: the use of thresholds to identify subjects 
with higher or lower risk of mortality is promising but 
probably not enough. Th erefore, we are planning a new 
study with a higher number of subjects in order to divide 
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patients into tertiles to identify a possible dose-response 
relationship.  

  Conclusion 

 Th is study has shown that in patients with respiratory 
failure, health status measurements predict mortality 
independently of age, supplemental oxygen require-
ments and vital capacity impairment. Th is study sup-
ports the use of an integrative multifaceted evaluation of 
CRF prognostic factors that should include health status 
along with the more conventional outcome measures 
such as physiological or clinical variables.

  List of Abbreviations 

  ABGs  =    arterial blood gases 
    ANOVA  =    analysis of variance 
    BMI  =    body mass index 
    CI  =    confi dence interval 
    COPD  =    Chronic Obstructive Pulmonary Disease 
    CRF  =    Chronic Respiratory Failure 
    FEV 1   =    forced expiratory volume in 1 second 
    FVC  =    forced vital capacity 
    HAD  =    Hospital Anxiety and Depression Scale 
    HR  =    hazard ratio 
    HMV  =    overnight home mechanical ventilation 
    LTOT  =    Long-Term Oxygen Th erapy 
    MRC  =    Medical Research Council 
    MRC-dyspnea  =    Medical Research Council dyspnea scale 
    MRF26  =     Maugeri Foundation Respiratory Fail-

ure Questionnaire 
    MRF26-Total  =     Maugeri Foundation Respiratory Fail-
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    O 2 -rest  =    oxygen fl ow rate required at rest 
    PaCO 2   =    arterial carbon dioxide tension 
    PaO 2   =    arterial oxygen tension 
    PFTs  =    pulmonary function tests 
    QuESS  =     Quality of Life Evaluation and Survival 

Study 
    ROC  =    Receiver-operating characteristics 
    SF36  =     Medical Outcome Study Question-
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    SF36-MCS and  =    SF36 mental and physical component
SF36-PCS  summary scores 
    SGRQ  =    St. George's Respiratory Questionnaire 
    SGRQ-Total  =    St George's Respiratory Questionnaire,
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    SWT  =    shuttle walking test 
    VO 2 max  =    peak oxygen uptake      

 Acknowledgments 

 Th e authors are grateful to Dr. Richard Zuwallack and 
Dr. Jean Bourbeau for helpful suggestions in the study 
design. Th e authors also are grateful to Dr. Francesco 
Giuseppe Salerno for revising the paper and helping in 
the submission process.  

 Funding 

 Grant Support: Th is work is from the Quality of Life 
Evaluation and Survival Study (QuESS) Group. QuESS 
group meetings and database management (Dr. Antoniu) 
were made possible thanks to a grant from Boehringer 
Ingelheim International GmbH (n. 927811/001/2001). 
Dr. Antoniu was also supported by a research fellowship 
awarded by the European Respiratory Society in 2001. 

 Declaration of Interest Statement 

 None of the authors had involvement in any organiza-
tion with direct fi nancial interest in the subject of the 
manuscript. 

 Mauro Carone, conceived and designed the project 
and wrote the paper; Sabina Antoniu, partly analyzed and 
interpreted the data, partly wrote the paper and revised 
it;   Paola Baiardi, performed statistical managing and ana-
lyzed the data, and partly wrote the paper; Vincenzo S. 
Digilio, partly interpreted the data, wrote the paper and 
revised it; Paul Wyatt Jones, conceived, designed and 
supervised the project, partly wrote the paper and revised 
it; Giorgio Bertolotti, conceived and designed the project, 
partly wrote the paper and revised it.       

 References 
   1.        Burrows   B.       Course and prognosis in advanced disease  . In:     Petty  

 T    , ed.   Chronic, Obstructive, Pulmonary, Disease  .   New York  : 
  Marcel Dekker  ;   1985  ;   85 – 111  .   

   2.      Nocturnal oxygen therapy trial group  .   Continuous or noctur-
nal oxygen therapy in hypoxemic chronic obstructive lung dis-
ease: A clinical trial  .   Ann Intern Med     1980  ;  93  :  391  –  398  .   

   3.      Report of the medical research council working party  .   Long 
term domiciliary oxygen therapy in chronic hypoxic cor pul-
monale complicating chronic bronchitis and emphysema  .   Lan-
cet     1981  ;   1  :  681 – 686  .   

   4.        Cooper   CB   ,    Howard   P    .   Long term follow-up of domiciliary oxy-
gen therapy in hypoxic cor pulmonale associated with chronic 
obstructive airways disease  .   Bull Int Union Tuberc Lung Dis   
  1987  ;   62  :  35 – 36  .   

   5.        Chailleux   E   ,    Fauroux   B   ,    Binet   F    ,   et al.     Predictors of survival 
in patients receiving domiciliary oxygen therapy or mechani-
cal ventilation. A 10-year analysis of antadir observatory  .   Chest   
  1996  ;   109  :  741 – 749  .   

   6.        Gorecka   D   ,    Gorzelak   K   ,    Sliwinski   P    ,   et al.     Eff ect of long-term 
oxygen therapy on survival in patients with chronic obstructive 
pulmonary disease with moderate hypoxaemia  .   Th orax     1997  ; 
  52  :  674 – 679  .   

   7.        Strom   K.       Survival of patients with chronic obstructive pulmo-
nary disease receiving long-term domiciliary oxygen therapy  . 
  Am Rev Respir Dis     1993  ;   147  :  585 – 591  .   

   8.        Kolodziej   MA   ,    Jensen   L   ,    Rowe   B   ,    Sin   D    .   Systematic review 
of noninvasive positive pressure ventilation in severe stable 
COPD  .   Eur Respir J     2007  ;   30  :  293 – 306  .   

   9.        Carone   M   ,    Bertolotti   G   ,    Anchisi   F    ,   et al.     Analysis of factors 
that characterize health impairment in patients with chronic 
respiratory failure. Quality of life in chronic respiratory failure 
group  .   Eur Respir J     1999  ;   13  :  1293 – 1300  .   

   10.        Okubadejo   AA   ,    Paul   EA   ,    Jones   PW   ,    Wedzicha   JA    .   Does long-
term oxygen therapy aff ect quality of life in patients with 
chronic obstructive pulmonary disease and severe hypoxae-
mia?     Eur Respir J     1996  ;   9  :  2335 – 2339  .   

D
ow

nl
oa

de
d 

by
 [

M
on

as
h 

U
ni

ve
rs

ity
 L

ib
ra

ry
] 

at
 0

2:
18

 2
7 

N
ov

em
be

r 
20

15
 



8 Carone et al.

Copyright © 2015 Taylor & Francis

   11.        Heaton   RK   ,    Grant   I   ,    McSweeny   AJ    ,   et al.     Psychologic eff ects 
of continuous and nocturnal oxygen therapy in hypoxemic 
chronic obstructive pulmonary disease  .   Arch Intern Med     1983  ; 
  143  :  1941 – 1947  .   

   12.        Prigatano   GP   ,    Wright   EC   ,    Levin   D    .   Quality of life and its predic-
tors in patients with mild hypoxemia and chronic obstructive 
pulmonary disease  .   Arch Intern Med     1984  ;   144  :  1613 – 1619  .   

   13.        Jones   PW.       Quality of life measurement for patients with dis-
eases of the airways  .   Th orax     1991  ;   46  :  676 – 682  .   

   14.        Fan   VS   ,    Curtis   JR   ,    Tu   SP    ,   et al.     Using quality of life to predict 
hospitalization and mortality in patients with obstructive lung 
diseases  .   Chest     2002  ;   122  :  429 – 436  .   

   15.        Osman   IM   ,    Godden   DJ   ,    Friend   JA    ,   et al.     Quality of life and 
hospital re-admission in patients with chronic obstructive pul-
monary disease  .   Th orax     1997  ;   52  :  67 – 71  .   

   16.        Bowen   JB   ,    Votto   JJ   ,    Th rall   RS    ,   et al.     Functional status and 
survival following pulmonary rehabilitation  .   Chest     2000  ; 
  118  :  697 – 703  .   

   17.        Domingo-Salvany   A   ,    Lamarca   R   ,    Ferrer   M    ,   et al.     Health-related 
quality of life and mortality in male patients with chronic 
obstructive pulmonary disease  .   Am J Respir Crit Care Med   
  2002  ;   166  :  680 – 685  .   

   18.        Oga   T   ,    Nishimura   K   ,    Tsukino   M    ,   et al.     Analysis of the factors 
related to mortality in chronic obstructive pulmonary disease: 
Role of exercise capacity and health status  .   Am J Respir Crit 
Care Med     2003  ;   167  :  544 – 549  .   

   19.        Carone   M   ,    Ambrosino   N   ,    Bertolotti   G    ,   et al.     Quality of life 
evaluation and survival study: A 3-yr prospective multinational 
study on patients with chronic respiratory failure  .   Monaldi 
Arch Chest Dis     2001  ;   56  :  17 – 22  .   

   20.      American Th oracic Society  .   Standardization of spirometry. 
1994 update     Am J Respir Crit Care Med  1995  ;   152  :  1107 – 1136  .   

   21.        Singh   SJ   ,    Morgan   MD   ,    Scott   S    ,   et al.     Development of a shut-
tle walking test of disability in patients with chronic airways 
obstruction  .   Th orax     1992  ;   47  :  1019 – 1024  .   

   22.          Medical Research Council Committee on the aetiology of 
chronic bronchitis. Standardised questionnaire on respiratory 
symptoms  .   Br Med J     1960  ;   2  :  1665   .   

   23.        Stewart   AL   ,    Hays   ,    RD  ,   Ware   ,    JE     Jr    .   Th e MOS short-form 
 general health survey  .   Reliability and validity in a patient popu-
lation. Med Care     1988  ;   26  :  724 – 735  .   

   24.        Jones   PW   ,    Quirk   FH   ,    Baveystock   CM   ,    Littlejohns   P    .   A self- 
complete measure of health status for chronic airfl ow limi-
tation. Th e St. George's respiratory questionnaire  .   Am Rev 
Respir Dis     1992  ;   145  :  1321 – 1327  .   

   25.        Vidotto   G   ,    Carone   M   ,    Jones   PW    ,   et al.     Maugeri respiratory 
failure questionnaire reduced form: A method for improving 
the questionnaire using the Rasch model  .   Disabil Rehabil     2007  ; 
  29  :  991 – 998  .   

   26.        Zigmond   AS   ,    Snaith   RP    .   Th e hospital anxiety and depression 
scale  .   Acta Psychiatr Scand  .   1983  ;   67  :  361 – 370  .   

   27.        Metz   CE.       Basic principles of ROC analysis  .   Semin Nucl Med   
  1978  ;   8  :  283 – 298  .   

   28.        Jones   PW.       Interpreting thresholds for a clinically signifi cant 
change in health status in asthma and COPD  .   Eur Respir J   
  2002  ;   19  :  398 – 404  .   

   29.      IPPB Trial Group. Intermittent positive pressure breathing 
therapy of chronic obstructive pulmonary disease. A clinical 
trial  .   Ann Intern Med     1983  ;   99  :  612 – 620   .   

   30.        Hansen   EF   ,    Vestbo   J   ,    Phanareth   K    ,   et al.     Peak fl ow as pre-
dictor of overall mortality in asthma and chronic obstruc-
tive pulmonary disease  .   Am J Respir Crit Care Med     2001  ; 
  163  :  690 – 693  .   

   31.        Th omason   MJ   ,    Strachan   DP    .   Which spirometric indices best 
predict subsequent death from chronic obstructive pulmonary 
disease?     Th orax     2000  ;   55  :  785 – 788  .   

   32.        Lundback   B   ,    Eriksson   B   ,    Lindberg   A    ,   et al.     A 20-year follow-
up of a population study-based copd cohort-report from the 
obstructive lung disease in northern Sweden studies  .   COPD   
  2009  ;   6  :  263 – 271  .   

   33.        France   AJ   ,    Prescott   RJ   ,    Biernacki   W    ,   et al.     Does right ventricu-
lar function predict survival in patients with chronic obstruc-
tive lung disease?     Th orax     1988  ;   43  :  621 – 626  .   

   34.        Oswald-Mammosser   M   ,    Weitzenblum   E   ,    Quoix   E    ,   et al.     Prog-
nostic factors in COPD patients receiving long-term oxygen 
therapy. Importance of pulmonary artery pressure  .   Chest     1995  ; 
  107  :  1193 – 1198  .   

   35.        Casanova   C   ,    Cote   C   ,    de Torres   JP    ,   et al.     Inspiratory-to-total 
lung capacity ratio predicts mortality in patients with chronic 
obstructive pulmonary disease  .   Am J Respir Crit Care Med   
  2005  ;   171  :  591 – 597  .   

   36.        Haruna   A   ,    Muro   S   ,    Nakano   Y    ,   et al.     CT scan fi ndings of emphy-
sema predict mortality in COPD  .   Chest     2010  ;   138  :  635 – 640  .   

   37.        Budweiser   S   ,    Jorres   RA   ,    Riedl   T    ,   et al.     Predictors of survival 
in COPD patients with chronic hypercapnic respiratory fail-
ure receiving noninvasive home ventilation  .   Chest     2007  ; 
  131  :  1650 – 1658  .   

   38.        Boutou   AK   ,    Shrikrishna   D   ,    Tanner   RJ    ,   et al.     Lung function 
indices for predicting mortality in COPD  .   Eur Respir J 2013  ; 
  42 ( 3  ):  616 – 625  .   

   39.        Pinto-Plata   VM   ,    Cote   C   ,    Cabral   H    ,   et al.     Th e 6-min walk dis-
tance: Change over time and value as a predictor of survival in 
severe COPD  .   Eur Respir J     2004  ;   23  :  28 – 33  .   

   40.        Waschki   B   ,    Kirsten   A   ,    Holz   O    ,   et al.     Physical activity is the stron-
gest predictor of all-cause mortality in patients with COPD: a 
prospective cohort study  .   Chest     2011  ;   140 ( 2  ):  331 – 342  .   

   41.        Singh   SJ   ,    Morgan   MD   ,    Hardman   AE    ,   et al.     Comparison of oxy-
gen uptake during a conventional treadmill test and the shuttle 
walking test in chronic airfl ow limitation  .   Eur Respir J     1994  ; 
  7  :  2016 – 2020  .   

   42.        Soler-Cataluna   JJ   ,    Martinez-Garcia   MA   ,    Sanchez   LS    ,   et al.   
  Severe exacerbations and bode index: Two independent risk 
factors for death in male COPD patients  .   Resp Med     2009  ; 
  103  :  692 – 699  .   

   43.        Marin   JM   ,    Alfageme   I   ,    Almagro   P    ,   et al.     Multicomponent indi-
ces to predict survival in COPD: the COCOMICS study  .   Euro 
Respir J 2013  ;   42 ( 2  ):  323 – 332  .   

   44.        Jones   PW.       Health status measurement in chronic obstructive 
pulmonary disease  .   Th orax     2001  ;   56  :  880 – 887  .   

   45.        Dallari   R   ,    Barozzi   G   ,    Pinelli   G    ,   et al.     Predictors of survival 
in  subjects with chronic obstructive pulmonary disease 
treated with long-term oxygen therapy  .   Respiration     1994  ; 
  61  :  8 – 13  .   

   46.        Dubois   P   ,    Jamart   J   ,    Machiels   J    ,   et al.     Prognosis of severely 
hypoxemic patients receiving long-term oxygen therapy  .   Chest   
  1994  ;   105  :  469 – 474  .   

   47.        Strom   K   ,    Boe   J    .   Quality assessment and predictors of survival 
in long-term domiciliary oxygen therapy. Th e Swedish Society 
of Chest Medicine  .   Eur Respir J     1991  ;   4  :  50 – 58  .   

   48.        Budweiser   S   ,    Jorres   RA   ,    Riedl   T    ,   et al.     Predictors of survival 
in COPD patients with chronic hypercapnic respiratory fail-
ure receiving noninvasive home ventilation  .   Chest     2007  ; 
  131 ( 6  ):  1650 – 1658  .   

   49.        Foucher   P   ,    Baudouin   N   ,    Merati   M    ,   et al.     Relative survival anal-
ysis of 252 patients with COPD receiving long-term oxygen 
therapy  .   Chest     1998  ;   113 ( 6  ):  1580 – 1587  .    

D
ow

nl
oa

de
d 

by
 [

M
on

as
h 

U
ni

ve
rs

ity
 L

ib
ra

ry
] 

at
 0

2:
18

 2
7 

N
ov

em
be

r 
20

15
 



 COPD and CRF: Predictors of Mortality and Health Status  9

www.copdjournal.com

   Appendix—The QuESS    Group  

   Canada   
   J. Bourbeau, P. Mancino – McGill University – 

 Montreal Chest Institute

   Czech Republic    
   F. Salajka - Klinika TRN - Fakultní nemocnice - BRNO

   Italy  
   a)  S.A. Antoniu, M. Carone, C.F. Donner, F. Ioli, A. 

Terazzi, S. Zaccaria – Fondazione S. Maugeri, 
IRCCS – Veruno   

  b)  V. Cuomo, V.S. Digilio, C. Logroscino, M. Naimo – 
Fondazione S. Maugeri, IRCCS – Cassano Murge   

  c)  N. Ambrosino, G. Bruletti, G. Calligari, A. 
Quadri – Fondazione S. Maugeri, IRCCS – 
Lumezzane   

  d)  R. Corsico, G. Majani, A. Meriggi, A. Pierobon, 
C. Rampulla – Fondazione S. Maugeri, IRCCS – 
Montescano   

  e)  G. Bertolotti, M. Grandi, L. Iannacito, G. 
 Mazzucchelli, M. Neri – Fondazione S. Maugeri, 
IRCCS – Tradate   

  f )  G. De Angelis, P. Ciurluini – Azienda Ospedaliera 
S. Camillo Forlanini, Roma   

  g)  R. Cogo, A. Ramponi – Azienda Ospedaliera 27, 
Cassano d'Adda   

  h)  G. Barbera, P.C. Giamesio, A.M. Musso, L. 
 Occhionero, M. Terreno – Ospedale Civile di Asti   

  i)  A. Gasparotto, G. Idotta,+L. Pesce – USL 19 Medio 
Brenta, Cittadella   

  j)  G.C. Garuti, S. Seregni – Villa Pineta di Gaiato   

 Japan    
   T. Hajiro, T. Oga, K. Nishimura, M. Tsukino – 

 Graduate School of Medicine, Kyoto   

 Spain   
  a)  J. Escarrabill Sanglas, M. Maderal, M.J.  Redondo, I. 

Sampablo Lauro – Hospital de  Bellvitge –  Barcelona   
  b)  T. Bilbao, S. Lopez-Martin, R. Melchor, G. Peces-

Barbas, M.J. Rodriguez-Nieto – S Neumologia – 
Fundaciòn Jiménez Diaz – Madrid   

 United Kingdom   
  a)  P.W. Jones - Division of Physiological Medicine – 

St. George's Hospital Medical School – London   
  b)  M.D.L. Morgan, S.J. Singh – Dept of Respiratory 

Medicine – Th e Glenfi eld Hospital – Leicester   

 United States   
  a)  R. Zuwallack – St Francis Hospital Medical  Center 

– Hartford, CT   
  b)  R. Ferranti, C. Rochester – Th e Gaylord Hospital 

– Wallingford, CT   
  c)  M. Bernstein, D. Costello, J. Ilowite, A. Lurie, G. 

Montell, M. Niederman, G. Trimmer – Winthrop 
University Hospital – Mineola, NY   

  d)  J.B. Bowen, J. Votto – Hospital for Special Care, 
New Britain, CT        
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