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1 INTRODUCTION 





2 REVIEW OF THE LITERATURE 

2.1 Chronic respiratory insufficiency 



2.1.1 Epidemiology 

2.1.2 Underlying diseases 



Table 1. Diseases underlying noninvasive ventilation usage according to Swedish nationwide register 
study (Cantero et al., 2020) 

Chronic obstructive pulmonary disease 

Diseases underlying home mechanical ventilation usage  

COPD 

OHS

Neuromuscular diseases*  

Kyphoscoliosis 

Restrictive lung diseases 

Sleeping relating breathing disorders 





Obesity hypoventilation syndrome 



Interstitial lung diseases 



Other diseases 



2.1.3 Treatment of chronic respiratory insufficiency 

Long-term oxygen therapy 

Figure 1. Oxygen concentrator with an oxygen tube and nasal cannula (Philips Respironics®) 







Noninvasive ventilation 

Figure 2. Two examples of noninvasive ventilators used for home care in Tampere, Finland (Resmed Lumis 
100® and Philips Dreamstation BiPAP S/T®) with their tubes and oro-nasal masks 







2.1.4 Prognosis of chronic respiratory insufficiency 



Table 2. Prognosis and survival according to the underlying disease causing chronic respiratory 
insufficiency 

Primary diagnosis Median/mean 
survival (years) 

1-5 year survival 

rates 

Studies, year 

COPD  

�

OHS 

�
 
 
IPF 

�

Duchenne muscle dystrophy 

�

ALS   
 

�

Kyphoscoliosis 
 

Poliomyelitis 

Tuberculous sequelae 

Pulmonary hypertension 



2.2 Dyspnoea in advanced respiratory diseases 



2.2.1 Prevalence of dyspnoea 



Table 3. Prevalence of dyspnoea in the general population and according to the disease underlying 
respiratory insufficiency 

Population Prevalence of dyspnoea Studies, year 

General population
Women

Men

Elderly individuals 
(>70 years) 

COPD 

IPF 
 
Lung cancer 

 
Chronic heart failure 
 

PAH 
ALS 

OHS 



2.2.2 Assessment of dyspnoea 





2.2.3 Management of dyspnoea 



2.3 Depression in advanced respiratory diseases 

2.3.1 Prevalence of depression 



2.3.2 Assessment of depression 



2.3.3 Management of depression 

2.4 Other symptoms in advanced respiratory diseases 

2.4.1 Prevalence of other symptoms 



2.4.2 Assessment of other symptoms 



2.4.3 Management of other symptoms 



2.5 Performance status in advanced respiratory diseases 



2.6 Advance care planning in advanced respiratory diseases 





3 AIMS OF THE STUDY 



4 MATERIALS AND METHODS 

4.1 Data collection (Studies I-IV) 



4.2 Patients (Studies I-IV) 

Figure 3. Selection of patients for enrolment in Studies I-IV 



4.2.1 Selection of patients (Studies I and II) 

4.2.2 Selection of patients (Studies III and IV) 

4.3 Questionnaires (Studies I and II) 



4.3.1 Edmonton Symptom Assessment System (ESAS) 

 

Table 4. A modified version of the Edmonton Symptom Assessment System (ESAS) used in the 
respiratory insufficiency clinic of Tampere University Hospital 

No symptoms                                                             Worst possible symptom 

     Best                                                                                Worst possible    

Pain at rest 
Pain upon movement 
Tiredness/Fatigue 
Shortness of breath 
Lack of appetite 
Nausea 
Dry mouth 
Constipation 
Depression 
Anxiety 
Insomnia 
 
Well-being 

4.3.2 Depression Scale (DEPS) 



Table 5. The Depression Scale (DEPS) questionnaire (Salokangas et al., 1995) 
Not at all A little Quite a lot Extremely 

I have suffered from insomnia 
I have felt blue 
I have felt everything was an effort 
I have felt low energy or slowed down 
I have felt lonely 
I have felt hopeless about the future 
I have not gotten any fun out of life 
I have had feelings of worthlessness 
I have felt all pleasure and joy has gone from life 
I have felt that I cannot shake off the blues even 
with help from family and friends 

4.3.3 Modified Medical Research Council dyspnoea scale (mMRC) 
questionnaire on dyspnoea 



Table 6. Modified Medical Research Council dyspnoea scale (mMRC) (Mahler & Wells, 1988) 
 

0 

1 

2 

3 

4 

4.4 Statistical analysis 



4.5 Ethical considerations 



5 SUMMARY OF RESULTS 

5.1 Characteristics of the patients (Studies I-IV) 



Table 7. Patient characteristics (Studies I-IV) 

 

 Study I Study II Study III Study IV 

Total, n  226 101 195 205 
Sex, n (%)     
    Male 130 (57.5) 65 (64.4) 121 (62.1) 120 (58.5) 
Age, median (IQR) 72.0 (65.0–79.0) 75.0 (70.0–81.0) 74.0 (67.0–81.0) 67.0 (60.3–75.1) 
BMI, kg/m2, median (IQR)* 30.0 (23.8-38.5)‡ 24.5 (21.1-29.3) 27.7 (23.1.-33.2)* 33.2 (25.5-43.3)† 
Need for help in ADL, n (%) 78 (34.5) 38 (37.6) 90 (46.2) 71 (34.6)¥ 
Smoking status, n (%)     
    Never-smoker 19 (8.4) 9 (8.9) 60 (30.8) 69 (33.7) 
    Ex-smoker 141 (62.4) 88 (87.1) 133 (68.2) 89 (43.4) 
    Smoker 65 (28.8) 4 (4.0) 1 (0.5) 46 (22.4) 
    Unknown 1 (0.4) 0 (0.0) 1 (0.5) 1 (0.5) 
Primary disease causing the chronic respiratory 
insufficiency, n (%) 

    

    COPD 104 (46.0) 89 (88.1) 92 (47.2) 53 (25.9) 
    Interstitial lung diseases 13 (5.8) 12 (11.9) 44 (22.6) 8 (3.9) 
    Heart diseases  12 (5.3) 0 (0.0) 15 (7.7) 0 (0.0) 
    Obesity hypoventilation syndrome 61 (27.0) 0 (0.0) 18 (9.2) 97 (47.3) 
    Amyotrophic lateral sclerosis 0 (0.0) 0 (0.0) 0 (0.0) 10 (4.9) 
    Other neurological diseases than      
    Amyotrophic lateral sclerosis 

 
14 (6.2) 

 
0 (0.0) 

 
3 (1.5) 

 
17 (8.3) 

    Sleep apnoea 2 (0.9) 0 (0.0) 0 (0.0) 0 (0.0) 
    Thoracic deformity 14 (6.2) 0 (0.0) 5 (2.6) 14 (6.8) 
    Other  6 (2.7)  0 (0.0) 18 (9.2)  6 (2.9)  
Comorbidities, n (%)     
    Hypertension 151 (66.8)¥ 65 (64.4)¥ 120 (61.5) 127 (62.0) 
    Cardiovascular diseases 133 (58.8)¥ 63 (63.4)¥ 125 (64.1) 117 (57.1) 
    Diabetes 83 (36.7)¥ 22 (21.8)¥ 60 (30.8) 85 (41.5) 
    COPD 26 (11.5)¥ 1 (1.0)¥ 18 (9.2) 26 (12.7) 
    Asthma 55 (24.3)¥ 21 (20.8)¥ 27 (13.8) 48 (23.4) 
    Sleep apnoea 75 (33.2)¥ 11 (10.9)¥ 38 (19.5) 87 (42.4) 
    Neurological diseases 20 (8.8)¥ 9 (8.9)¥ 33 (16.9) 20 (9.8) 
    Renal diseases 25 (11.1)¥ 8 (7.9)¥ 18 (9.2) 19 (9.3) 
    Rheumatic diseases 16 (7.1)¥ 7 (6.9)¥ 18 (9.2) 15 (7.3) 
    Cancer 42 (18.6)¥ 31 (30.7)¥ 38 (19.5) 31 (15.1) 
    Others 70 (31.0)¥ 22 (21.8)¥ 49 (25.1) 99 (48.3) 
    No comorbidities   9 (4.6) 12 (5.9) 
Charlson Comorbidity Index, median (IQR) 2.0 (1.0-3.0) 2.0 (0.0-2.0) 2.0 (1.0-3.0) 1.0 (1.0-2.0) 
     



Table 8. Details of the spirometry and blood gas analyses and the settings and usage data of the 
device used (Studies I-IV) 

 Study I Study II Study III Study IV 

Total, n (%) 226 101 195 205 
FEV1*     
    litres, median (IQR) 1.16 (0.71-1.67) 0.90 (0.60-1.25) 1.30 (0.96-1.82) 1.23 (0.86-1.83) 
    % of predicted, median (IQR) 40.0 (27.0-57.0) 31.0 (23.0-48.5) 51.0 (36.5-64.5) 45.5 (33.0-59.0) 
FVC*†     
    litres, median (IQR) 2.46 (1.86-3.12)† 2.77 (2.20-3.37)† 2.49 (1.86-3.06) 2.30 (1.60-2.78) 
    % of predicted, median (IQR) 71.0 (54.0-83.0)† 77.0 (66.3-89.8)† 72.0 (57.0-84.0) 61.0 (49.0-71.5) 
FEV1/FVC, median (IQR)*†  0.62 (0.44-0.75)† 0.44 (0.31-0.62)† 0.63 (0.44-0.75) 0.67 (0.48-0.77) 
PaO2 with room air, (kPa), median (IQR)*    6.9 (6.3-7.4)  
PCO2, (kPa), median (IQR)*    8.2 (7.1-9.6) 
Used device, n (%) 
    LTOT 
    NIV 
    LTOT and NIV 
    Portable oxygen only 
    CPAP 
    None 
Oxygen flow, (l/min), median (IQR)* 
IPAP, cmH2O, median (IQR)* 
EPAP, cmH2O, median (IQR)* 
Average usage per day during the first year, 
hours, median (IQR)* 

 
85 (37.6) 
92 (40.7) 
21 (9.3) 
22 (9.7) 
1 (0.4) 
5 (2.2) 

 
64 (63.4) 
10 (9.9) 
6 (5.9) 
17 (16.8) 
0 (0.0) 
4 (5.9) 

 
133 (68.2) 
0 (0.0) 
62 (31.8) 
0 (0.0) 
16 (8.2) 
0 (0.0) 
1.5 (1.0-2.0) 
 
 
 
19.3 (10.0-24.0)† 

 
0 (0.0) 
143 (69.8) 
62 (30.2) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
 
16.0 (14.0-18.0) 
8.0 (6.0-10.0) 
 
5.9 (4.0-8.0) 



5.2 Overall symptom burden (Study I) 



Figure 4. The proportion (%) of patients with at least moderate symptoms (≥ 4 points) on each question of 
the Edmonton Symptom Assessment System (ESAS) questionnaire (Study I) 

Figure 5. Median scores and interquartile ranges (IQRs) on the Edmonton Symptom Assessment 
System (ESAS) questionnaire in patients with chronic respiratory insufficiency (Study I) 
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Table 9. Scores and prevalence of symptoms measured with the modified Edmonton Symptom 
Assessment Scale (ESAS) questionnaire according to the most prevalent disease 
responsible for respiratory insufficiency (Study I) 

 COPD 
(n = 104) 

OHS 
(n = 61) 

Others† 
(n = 61) 

P value 

 Prevalence‡  
(%) 

Score, median 
(IQR) 

Prevalence‡  
(%) 

Score, median 
(IQR) 

Prevalence‡ 
(%) 

Score, median 
(IQR) 

 

Symptoms        
 Pain at rest 
 Pain upon movement 
 Tiredness 
 Shortness of breath 
 Lack of appetite 
 Nausea 
 Dry mouth 
 Constipation 
 Depression 
 Anxiety 
 Insomnia 
 Well-being 

50.5 
70.3 
86.1 
95.1 
62.1 
33.0 
87.5 
53.4 
56.9 
55.9 
70.6 

1.0 (0.0-3.0) 
2.0 (0.0-5.5) 
3.0 (2.0-6.0) 
6.0 (3.0-8.0) 
1.0 (0.0-4.0) 
0.0 (0.0-1.0) 
5.0 (2.0-7.0) 
1.0 (0.0-4.0) 
1.0 (0.0-4.0) 
1.0 (0.0-4.0) 
2.0 (0.0-4.0) 
4.0 (2.5-5.0) 

62.5 
72.9 
75.9 
74.1 
34.5 
24.6 
67.8 
47.4 
51.7 
46.6 
54.2 

2.0 (0.0-4.0) 
4.0 (0.0-7.0) 
2.0 (0.8-6.0) 
3.0 (0.0-5.0) 
0.0 (0.0-2.0) 
0.0 (0.0-0.5) 
2.0 (0.0-6.0) 
0.0 (0.0-2.0) 
1.0 (0.0-3.3) 
0.0 (0.0-3.0) 
1.0 (0.0-5.0) 
3.0 (1.8-5.3) 

52.5 
73.3 
78.7 
75.0 
42.6 
28.3 
80.0 
50.0 
54.1 
52.5 
62.3 

1.0 (0.0-2.0) 
2.5 (0.0-4.0) 
3.0 (1.0-5.0) 
3.0 (0.3-5.0) 
0.0 (0.0-2.0) 
0.0 (0.0-1.0) 
3.0 (1.0-7.0) 
1.0 (0.0-3.0) 
1.0 (0.0-3.0) 
1.0 (0.0-3.0) 
1.0 (0.0-3.0) 
3.0 (2.0-5.0) 

 0.15 
 0.29 
 0.18 

< 0.001 
   0.004 
 0.60 
 0.01 
 0.47 
 0.91 
 0.50 
 0.40 
 0.20 

5.3 Screening of depression and symptoms associated with 
depression (Studies I-II) 



Figure 6. The receiver operating characteristic curve (ROC) for the Edmonton Symptom Assessment Scale 
(ESAS) depression score to predict a Depression Scale (DEPS) score of at least 9 points (Study I) 



Table 10. Edmonton Symptom Assessment System (ESAS) depression scores’ capability to predict 
Depression Scale (DEPS)* ≥ 9 points (Study I) 

ESAS Depression score Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) 

≥ 1 87 62 59 89 72 
≥ 2 80 74 66 85 76 
≥ 3 67 84 73 80 77 
≥ 4 59 95 89 79 81 
≥ 5 48 95 86 74 77 
≥ 6 35 98 90 71 74 
≥ 7 25 98 91 68 70 
≥ 8 15 100 100 65 67 
≥ 9 4 100 100 62 63 
10 3 100 100 62 62 



Table 11. Median scores and proportions of patients with at least moderate symptoms (≥ 4 points) on 
the Edmonton Symptom Assessment System (ESAS) questionnaire according to Depression 
Scale (DEPS)† category (Study I) 

 DEPS < 9 DEPS ≥ 9 P value* 
 (n = 127) (n = 81)  
ESAS scores    
   Pain at rest    
        median (IQR) 1.0 (0.0-3.0) 2.0 (0.0-4.5)   0.02 
         ≥ 4, % 15.6 32.5  
   Pain upon movement    
        median (IQR) 2.0 (0.0-4.0) 4.5 (1.0-7.0)   0.001 
        ≥ 4, % 36.3 57.7  
   Tiredness    
        median (IQR) 2.0 (0.0-4.0) 5.0 (3.0-7.0) <0.001 
        ≥ 4, % 29.0 63.3  
   Shortness of breath    
        median (IQR) 3.0 (1.0-5.0) 6.0 (3.0-8.0) <0.001 
        ≥ 4, % 48.8 69.2  
   Lack of appetite    
        median (IQR) 0.0 (0.0-2.0) 2.0 (0.0-5.0) <0.001 
        ≥ 4, % 10.4 38.0  
   Nausea    
        median (IQR) 0.0 (0.0-0.0) 1.0 (0.0-3.0) <0.001 
         ≥ 4, % 2.4 15.6  
   Dry mouth    
        median (IQR) 3.0 (1.0-5.0) 6.0 (3.0-8.0) <0.001 
        ≥ 4, % 36.2 67.9  
   Constipation    
        median (IQR) 0.0 (0.0-2.5) 2.0 (0.0-5.0) <0.001 
        ≥ 4, % 15.2 33.3  
   Depression    
        median (IQR) 0.0 (0.0-2.0) 4.0 (2.0-7.0) <0.001 
        ≥ 4, % 4.8 59.5  
   Anxiety    
        median (IQR) 0.0 (0.0-1.0) 4.0 (2.0-7.0) <0.001 
        ≥ 4, % 8.0 50.6  
   Insomnia    
        median (IQR) 1.0 (0.0-2.0) 3.0 (1.0-6.0) <0.001 
        ≥ 4, % 12.8 45.6  
   Well-being    
        median (IQR) 3.0 (1.0-5.0) 5.0 (4.0-6.0) <0.001 
   Total score 
        median (IQR) 

 
21.0 (11.0-30.3) 

 
43.0 (31.0-61.0) 

 



Figure 7. The total score on the Edmonton Symptom Assessment System (ESAS) according to the 
Depression Scale (DEPS) category in patients with chronic respiratory insufficiency (Study I) 

5.4 Symptoms and factors associated with exertional 
dyspnoea (Study II) 



Table 12. ESAS scores and prevalence of moderate and severe symptoms (NRS median score ≥ 4) 
according to mMRC* category in patients with chronic respiratory insufficiency due to COPD 
and ILDs (Study II) 

 mMRC 0-3 mMRC 4 P value 
 (n = 55) (n = 43)  
ESAS scores    
   Pain at rest    
     median (IQR) 0.0 (0.0-3.0) 2.0 (0.0-4.0)    0.063 
     ≥ 4, % 17.0 27.9    0.198 
   Pain upon movement    
     median (IQR) 2.0 (0.0-4.0) 5.0 (0.0-6.0)    0.068 
     ≥ 4, % 30.2 55.8    0.011 
   Tiredness    
     median (IQR) 3.0 (1.0-5.0) 6.0 (3.0-7.0) < 0.001 
     ≥ 4, % 32.1 69.8 < 0.001 
   Shortness of breath    
      median (IQR) 4.0 (2.0-6.0) 8.0 (6.0-9.0) < 0.001 
      ≥ 4, % 57.4 90.7 < 0.001 
   Lack of appetite    
      median (IQR) 1.0 (0.0-3.0) 3.0 (0.0-6.0)    0.001 
      ≥ 4, % 14.8 46.5    0.001 
   Nausea    
      median (IQR) 0.0 (0.0-0.3) 0.0 (0.0-2.0)    0.027 
      ≥ 4, % 3.7 9.3    0.255 
   Dry mouth    
      median (IQR) 3.0 (1.0-6.0) 7.0 (4.0-8.0) < 0.001 
      ≥ 4, % 47.3 76.7    0.003 
   Constipation    
      median (IQR) 1.0 (0.0-3.0) 2.0 (0.0-6.0)    0.072 
      ≥ 4, % 18.5 41.9    0.012 
   Depression    
      median (IQR) 1.0 (0.0-3.0) 2.0 (0.0-5.0)    0.120 
      ≥ 4, % 22.2 40.5    0.053 
   Anxiety    
      median (IQR) 1.0 (0.0-3.0) 3.0 (0.0-5.5)    0.007 
      ≥ 4, % 22.2 45.2    0.017 
   Insomnia    
      median (IQR) 2.0 (0.0-3.0) 3.0 (1.0-7.0)    0.027 
      ≥ 4, % 18.9 39.5    0.025 
   Well-being    
      median (IQR) 3.0 (2.0-5.0) 5.0 (4.0-6.0) < 0.001 
   Total score    
      median (IQR) 24.0 (15.8-34.8) 44.0 (34.0-63.0) < 0.001 



Figure 8. The total score on the Edmonton Symptom Assessment Scale (ESAS) according to the 
modified Medical Research Council dyspnoea scale (mMRC) category in patients with chronic 
respiratory insufficiency due to COPD and ILDs (Study II) 

5.5 Survival of the patients 

5.5.1 Patients with chronic respiratory insufficiency and chronic 
respiratory insufficiency due to COPD or ILDs (Studies I and II) 



5.5.2 Patients on LTOT and NIV (Studies III and IV) 

Figure 9. The overall survival of patients on NIV, LTOT and both NIV and LTOT (modified from Studies III 
and IV) 



Figure 10. The survival of the patients according to the primary diagnosis causing the need for 
LTOT (Study III) (A) or NIV (Study IV) (B) 





Figure 11. Survival of the patients according to the need for help in activities of daily living (ADL) in patients 
on long-term oxygen therapy (LTOT) (A) (Study III) and those on noninvasive ventilation (NIV) (B) (Study 
IV) 



5.6 Aspects of end of life 

5.6.1 Patients on LTOT (Study III, unpublished data) 



Table 13. Characteristics related to the end of life among the deceased patients according to the 
device used (Studies III (unpublished data) and IV) 

5.6.2 Patients on NIV (Study IV) 

 LTOT            NIV 

Total, n 
Died before 31.12.2017, n (% of all) 
Primary disease, n (%) 
    COPD 
    OHS 
    ILDs 
    Cardiovascular disease 
    ALS 
    Neurological disease other than ALS 
    Others 
DNR decision made before death, n (%)  
End-of-life care decision made before death, n (%) 
Place of death, n (%) 
     Hospital 
     Home 
     Nursing home 
     Hospice 
     Emergency department 
     Not known 
Cause of death, n (%) 
    COPD 
    Heart disease 
    ILD 
    Cancer 
    Neurological disease 
    Chronic respiratory failure 
    Pneumonia or other infection 
    Other 
Admission through the emergency department for the last hospitalization before 
death, n (%) 

195 
133 (68.2) 
 
58 (43.6) 
7 (5.3) 
40 (30.1) 
8 (6.0) 
0 (0.0) 
2 (1.5) 
18 (13.5) 
101 (75.9) 
46 (34.6) 
 
80 (60.2) 
22 (16.5) 
11 (8.3) 
9 (6.8) 
9 (6.8) 
2 (1.5) 
 
36 (27.1) 
32 (24.1) 
24 (18.0) 
21 (15.8) 
4 (3.0) 
3 (2.3) 
2 (1.5) 
11 (8.3) 
 
66 (49.6) 

205 
90 (43.9) 
 
31 (34.4) 
24 (26.7) 
8 (8.9) 
0 (0.0) 
9 (10.0) 
8 (8.9) 
10 (11.1) 
79 (87.8) 
39 (43.3) 
 
50 (55.6) 
18 (20.0) 
7 (7.8) 
8 (8.9) 
6 (6.7) 
1 (1.1) 
 
26 (28.9) 
17 (18.9) 
8 (8.9) 
10 (11.1) 
14 (15.6) 
5 (5.6) 
2 (2.2) 
8 (8.9) 

          
           40 (44.4) 





6 DISCUSSION 

6.1 Patient populations 



6.2 Underlying diseases 

6.3 Symptom prevalence and degree of severity 







6.4 Survival and factors associated with survival 







6.5 End-of-life aspects 





6.6 Strengths and limitations 



6.7 Clinical implications and future considerations 





7 SUMMARY AND CONCLUSION 
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Assessing Symptom Burden and Depression
in Subjects With Chronic Respiratory
Insufficiency

Heidi A. Rantala, MD1,2, Sirpa Leivo-Korpela, MD, PhD1,2,
Lauri Lehtimäki, MD, PhD2,3, and Juho T. Lehto, MD, PhD2,4

Abstract
Objectives: Patients with chronic respiratory insufficiency suffer from advanced disease, but their overall symptom burden is

poorly described. We evaluated the symptoms and screening of depression in subjects with chronic respiratory insufficiency

by using the Edmonton symptom assessment system (ESAS). Methods: In this retrospective study, 226 subjects with chronic

respiratory insufficiency answered the ESAS questionnaire measuring symptoms on a scale from 0 (no symptoms) to 10

(worst possible symptom), and the depression scale (DEPS) questionnaire, in which the cut-off point for depressive symptoms

is 9. Results: The most severe symptoms measured with ESAS (median [interquartile range]) were shortness of breath 4.0

(1.0-7.0), dry mouth 3.0 (1.0-7.0), tiredness 3.0 (1.0-6.0), and pain on movement 3.0 (0.0-6.0). Subjects with a chronic obstructive

pulmonary disease as a cause for chronic respiratory insufficiency had significantly higher scores for shortness of breath, dry

mouth, and loss of appetite compared to others. Subjects with DEPS ≥9 reported significantly higher symptom scores in all

ESAS categories than subjects with DEPS <9. The area under the receiver operating characteristic curve for ESAS depression

score predicting DEPS ≥9 was 0.840 (P< .001). If the ESAS depression score was 0, there was an 89% probability of the

DEPS being <9, and if the ESAS depression score was ≥4, there was an 89% probability of the DEPS being ≥9. The relation

between ESAS depression score and DEPS was independent of subjects’ characteristics and other ESAS items. Conclusions:
Subjects with chronic respiratory insufficiency suffer from a high symptom burden due to their advanced disease. The severity

of symptoms increases with depression and 4 or more points in the depression question of ESAS should lead to a closer diag-

nostic evaluation of depression. Symptom-centered palliative care including psychosocial aspects should be early integrated into

the treatment of respiratory insufficiency.

Keywords
chronic respiratory insufficiency, Edmonton symptom assessment system, depression, symptoms, chronic obstructive pulmonary

disease

Introduction
Chronic respiratory insufficiency and the need for noninvasive
ventilation (NIV) or long-term oxygen therapy (LTOT) are
often signs of advanced disease and poor prognosis. Patients
with advanced respiratory disease typically have severe breath-
lessness, but some other symptoms are reported as well.1–5

Patients may suffer from pain, loss of energy, dry mouth,
cough, depression, and anxiety in addition to dyspnea.6–9

Comorbidities further enhance the symptom burden in advanced
respiratory diseases and significantly affect patients’ quality of
life and survival.10,11 Guidelines and previous studies have
recommended to systematically screen symptoms other than
dyspnea in patients with advanced respiratory disease.1,12,13

Depression is common in diseases causing chronic respira-
tory insufficiency, such as chronic obstructive pulmonary
disease (COPD) and interstitial lung disease.3,9,14 Depressive
symptoms increase perceived symptom burden and impair
quality of life.3,4,15,16 They have also been associated with a

risk of hospitalization, emergency care use, and impaired prog-
nosis.14,17,18 Therefore, systematic screening of depression in
patients with advanced respiratory diseases and chronic respira-
tory insufficiency is warranted.
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Patients with chronic respiratory insufficiency suffer from
multimorbidity demanding medical attention. Their proper
treatment requires knowledge of individual symptom
burdens beyond breathlessness. Previous studies have
focused on different advanced pulmonary diseases, but not
on an unselected population of chronic respiratory insuffi-
ciency.1,2,9,16 Therefore, studies describing the overall
symptom burden, prevalence of depression, or the relationship
between depression and other symptoms in patients with
chronic respiratory insufficiency are needed.

We aimed to describe the overall symptom burden in sub-
jects with chronic respiratory insufficiency and to assess the
association between depression and other symptoms. We also
assessed how well a single question on depression as part of
the Edmonton symptom assessment system (ESAS) reflects
depressive symptoms measured by a more thorough depression
scale (DEPS) questionnaire.

Methods
All patients with chronic respiratory insufficiency who visited
the respiratory insufficiency clinic of Tampere University
Hospital from October 1, 2016, to October 31, 2017, were
included in this retrospective study. Information on sex, age,
weight, height, living conditions, smoking status, diagnoses,
microspirometry results, scores of ESAS and DEPS, and the
date of death (follow-up until December 31, 2018) were col-
lected from the medical records. The disease-causing chronic
respiratory insufficiency and the need for NIV or LTOT were
defined as the primary disease, while all other diseases were
considered as comorbidities. The Charlson comorbidity index
was calculated for the subjects based on the number and severity
of their comorbidities.19,20

Questionnaires
In the respiratory insufficiency unit of Tampere University
Hospital, patients are asked to complete the ESAS and DEPS
in addition to the normal medical assessment. The ESAS was
originally developed for assessing the symptoms of patients
with advanced cancer in palliative care, but it is a commonly
used method for assessing symptoms in patients with many
advanced diseases.21,22 In the ESAS, different symptoms per-
ceived on that day are measured on a numeric rating scale
from 0 (no symptoms) to 10 (the worst possible symptoms).23,24

In our clinic, we use a modified version with 12 questions cov-
ering 11 symptoms (pain at rest, pain on movement, tiredness,
shortness of breath, loss of appetite, nausea, dry mouth, consti-
pation, depression, anxiety, and insomnia) and general well-
being (0 for the best possible well-being and 10 for the worst
possible well-being).

The DEPS is a validated, self-assessed screening tool for
depression.25 The DEPS questionnaire consists of 10 questions
and provides a total score varying from 1 to 30 points. The sug-
gested cut-offs for depressive symptoms and clinical depression
are ≥9 and ≥12, respectively.26 The cut-off level of 9 points has

a high sensitivity to detect the possibility of depression and is
therefore used as a threshold for further diagnostic evaluation
of depression.26–29

Statistical Analysis
The distributions were nonnormal based on Shapiro–Wilk test
and, thus, nonparametric tests were used. Comparisons of dif-
ferent groups were performed by the Mann-Whitney U test or
Kruskal–Wallis test for continuous variables and Pearson’s
chi-square test or Fisher’s exact test for categorical variables.
To evaluate the capacity of the ESAS depression score to
predict DEPS ≥9, a receiver operating characteristic curve
(ROC) analysis was performed. Additionally, the sensitivity,
specificity, positive predictive value (PPV), and negative pre-
dictive value (NPV) of the values were calculated. To assess
if the relation between depression and other symptoms is inde-
pendent of other demographic factors, we conducted a logistic
regression multivariate analysis. Statistical significance was
set as P < .05. Analyses were performed with IBM SPSS
Statistics version 26.0. (IBM Corp.).

Ethical Consideration
This study was approved by the Regional Ethics Committee of
Tampere University Hospital, Finland (approval code R15180 /
December 1, 2015).

Results
Altogether, 270 subjects with chronic hypoxemic or hypercap-
nic respiratory insufficiency visited the respiratory insuffi-
ciency clinic of Tampere University Hospital during the
follow-up time. Of those, 226 subjects had completed the
ESAS questionnaire. The reasons for missing ESAS results
were as follows: inability to complete the questionnaire (n=
9), unwillingness to answer the questionnaire (n= 4), and tech-
nical or unknown reasons (n= 31). Of these 226 subjects with
ESAS questionnaires, DEPS was available for 208 subjects.
The reasons for missing DEPS were as follows: unwillingness
to answer the questionnaire (n= 4) and technical or unknown
reasons (n = 14).

The subject characteristics are shown in Table 1. The most
common primary diseases causing the need for NIV or LTOT
were COPD and obesity-hypoventilation syndrome (OHS).
The treatment for respiratory insufficiency was NIV in 92
(40.7%) and LTOT in 85 (37.6%) of the subjects, while 21
(9.3%) of the subjects had both NIV and LTOT. Twenty-two
subjects had only portable oxygen, and 1 subject was treated
with continuous positive airway pressure (CPAP) due to
OHS. Five subjects with respiratory insufficiency refused to
use NIV or LTOT. Of the deceased subjects, 59.2% died
during the first year after visiting the respiratory insufficiency
clinic.

Symptoms measured by ESAS in the whole group and
according to the primary disease are shown in Table 2. In
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addition to shortness of breath, the most noticeable symptoms
were dry mouth (3.0), pain on movement, and tiredness.
Subjects with COPD reported more severe shortness of
breath, dry mouth, and loss of appetite compared to other
groups. Symptom scores for pain at rest were missing in 9 sub-
jects and in other categories in 3 to 6 subjects.

Of the subjects who completed the DEPS questionnaire, 81
(38.9%) scored ≥9 points reaching the cut-off for depressive
symptoms. The symptom severities measured by ESAS in the
subjects with <9 and ≥9 points in DEPS are shown in
Table 3. The proportion of subjects having DEPS ≥9 points
did not significantly differ between subjects with different
primary diseases (41.7% in COPD, 38.2% in OHS, and
35.1% in other diseases, P= .72). All the symptoms were signif-
icantly more severe in subjects with DEPS ≥9 compared to
those with DEPS <9.

We evaluated the capacity of the ESAS depression score to
predict whether DEPS is below 9 or at least 9 points by creating
a ROC curve. The area under the ROC curve was 0.840 (P<
.001) (Figure 1). The sensitivity, specificity, and positive and
negative predictive values for ESAS scores to predict DEPS
≥9 are shown in Table 4. If the ESAS depression score was
0, there was an 89% probability that the subject would score
below 9 points in DEPS. Similarly, if the subject reported at
least 4 points in the ESAS depression score, there was an
89% probability for him/her to score at least 9 points in the
DEPS.

To assess if the ESAS depression score is associated with
DEPS independently of other ESAS questions and demographic
details of subjects, we conducted a logistic regression model
with DEPS ≥9 points as the dependent variable and gender,

age, use of NIV, and use of LTOT and ESAS depression
score as explanatory variables. In this model, only the ESAS
depression score was independently associated with DEPS
being ≥9 points. We then 1 by 1 added other ESAS variables
to the model and only ESAS well-being and insomnia scores
separately were associated with DEPS being ≥9 points, but
they did not affect the significance of ESAS depression score
in predicting DEPS ≥9 points. Further, they were not associated
with DEPS being ≥9 points, if included both in the model
(Supplemental Table 1). Other ESAS items and other demo-
graphic details were not significantly associated with DEPS
≥9 points and did not affect the relation between ESAS depres-
sion score and DEPS.

Discussion
We showed a high symptom burden in subjects with chronic
respiratory insufficiency. In addition to impaired well-being,
the most severe symptoms were shortness of breath, pain on
movement, tiredness, and dry mouth. Shortness of breath, dry
mouth, and loss of appetite were more severe in subjects with
COPD compared to other subjects. Subjects with depressive
symptoms measured with the DEPS questionnaire had higher
scores in all ESAS categories than those without. Compared
to the more thorough DEPS, the single question on depression
as part of the ESAS seems to work as a reasonable screening
tool for depressive symptoms.

In clinical practice, it would be reasonable to have 1 simple
screening tool for both depression and other symptoms.
According to the present study, the ESAS could serve as such
a tool. We showed that if a subject scores 4 or more in the

Table 1. Subject Characteristics in all Subjects and According to the Primary Diagnosis Causing Respiratory Insufficiency.

All subjects

(n= 226)

COPD

(n= 104)

OHS

(n= 61)

Othersa

(n= 61) P-value∗

Gender, n (%)

Male 130 (57.5) 69 (66.3) 31 (50.8) 30 (49.2) .046

Female 96 (42.5) 35 (33.7) 30 (49.2) 31 (50.8)

Age, median (IQR) 72.0 (65.0-79.0) 73.0 (68.3-79.0) 69.0 (61.0-78.0) 71.0 (60.5-80.0) .009

BMI (kg/m2), median (IQR)b 30.0 (23.8-38.5) 24.6 (20.8-30.7) 42.3 (38.5-49.9) 28.8 (24.9-32.5) <.001

Smoking status, n (%)

Never-smoker 65 (28.8) 3 (2.9) 23 (37.7) 39 (63.9) <.001

Ex-smoker 141 (62.4) 94 (90.4) 27 (44.3) 20 (32.8)

Smoker 19 (8.4) 7 (6.7) 11 (18.0) 1 (1.6)

Unknown 1 (0.4) 0 (0.0) 0 (0.0) 1 (1.6)

FEV1, liters, median (IQR)c 1.16 (0.71-1.67) 0.78 (0.57-1.18) 1.60 (1.20-1.95) 1.37 (0.96-1.80) <.001

Charlson comorbidity index,

median (IQR)

2.0 (1.0-3.0) 2.0 (0.0-2.0) 2.0 (1.0-3.0) 1.0 (0.0-2.5) .032

Died before December 31, 2018, n (%) 71 (31.4) 44 (42.3) 7 (11.5) 20 (32.8) <.001

Abbreviations: COPD, chronic obstructive pulmonary disease; OHS, obesity-hypoventilation syndrome; IQR, interquartile range; BMI, body mass index; FEV1,

forced vital capacity in 1 s.
∗P-value between the subjects with COPD, OHS, and others.
aOthers consisting of neurological diseases (n= 14), thoracic deformity (n= 14), interstitial lung diseases (n= 13), heart diseases (n= 12), sleep apnea (n= 2),

and others (n= 6).
bData were missing in 1 subject: confined to bed.
cData were missing in 7 subjects: lack of cooperation (3), no respiratory disease (4).
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ESAS depression category, the probability of depressive symp-
toms according to the DEPS is high. This same cut-off level has
also been shown to be useful in detecting clinical depression
defined by standardized questionnaires among patients with
cancer.30 According to the logistic regression analysis, the rela-
tion between ESAS depression scores is not affected by

subjects’ characteristics or other ESAS items. Based on the
current results, we suggest that in patients scoring 0 on the
ESAS depression question, there is probably no need for
further evaluation of depression. Those scoring 1 to 3 would
need to complete a specific depression questionnaire (eg, the
DEPS), while those scoring 4 or more could be referred to

Table 2. Scores and Prevalence of Symptoms Measured by the Modified ESAS Questionnaire According to the Primary Diagnosis Causing Respiratory

Insufficiency.

All subjects

(n= 226)

COPD

(n= 104)

OHS

(n= 61)

Othersb

(n= 61)

Prevalencec

(%)

Score, median

(IQR)

Prevalencec

(%)

Score, median

(IQR)

Prevalencec

(%)

Score, median

(IQR)

Prevalencec

(%)

Score, median

(IQR) P-value∗

Symptoms
Pain at rest 54.4 1.0 (0.0-3.0) 50.5 1.0 (0.0-3.0) 62.5 2.0 (0.0-4.0) 52.5 1.0 (0.0-2.0) .15

Pain on

movement

71.8 3.0 (0.0-6.0) 70.3 2.0 (0.0-5.5) 72.9 4.0 (0.0-7.0) 73.3 2.5 (0.0-4.0) .29

Tiredness 81.4 3.0 (1.0-6.0) 86.1 3.0 (2.0-6.0) 75.9 2.0 (0.8-6.0) 78.7 3.0 (1.0-5.0) .18

Shortness of

breath

84.2 4.0 (2.0-7.0) 95.1 6.0 (3.0-8.0) 74.1 3.0 (0.0-5.0) 75.0 3.0 (0.3-5.0) <.001

Loss of

appetite

49.5 0.0 (0.0-3.0) 62.1 1.0 (0.0-4.0) 34.5 0.0 (0.0-2.0) 42.6 0.0 (0.0-2.0) .004

Nausea 29.5 0.0 (0.0-1.0) 33.0 0.0 (0.0-1.0) 24.6 0.0 (0.0-0.5) 28.3 0.0 (0.0-1.0) .60

Dry mouth 80.3 3.0 (1.0-7.0) 87.5 5.0 (2.0-7.0) 67.8 2.0 (0.0-6.0) 80.0 3.0 (1.0-7.0) .01

Constipation 51.1 1.0 (0.0-3.0) 53.4 1.0 (0.0-4.0) 47.4 0.0 (0.0-2.0) 50.0 1.0 (0.0-3.0) .47

Depression 54.8 1.0 (0.0-3.5) 56.9 1.0 (0.0-4.0) 51.7 1.0 (0.0-3.3) 54.1 1.0 (0.0-3.0) .91

Anxiety 52.5 1.0 (0.0-3.0) 55.9 1.0 (0.0-4.0) 46.6 0.0 (0.0-3.0) 52.5 1.0 (0.0-3.0) .50

Insomnia 64.0 2.0 (0.0-4.0) 70.6 2.0 (0.0-4.0) 54.2 1.0 (0.0-5.0) 62.3 1.0 (0.0-3.0) .40

Well-being 4.0 (2.0-5.0) 4.0 (2.5-5.0) 3.0 (1.8-5.3) 3.0 (2.0-5.0) .20

Abbreviations: ESAS, Edmonton symptom assessment system; COPD, chronic obstructive pulmonary disease; OHS, obesity-hypoventilation syndrome.
∗P-value for the difference in ESAS scores between the subjects with COPD, OHS, and others.
bOthers consisting of neurological diseases (n= 14), thoracic deformity (n= 14), interstitial lung diseases (n= 13), heart diseases (n= 12), sleep apnea

(n= 2), and others (n= 6).
cPrevalence is defined as a proportion of subjects with an ESAS score ≥1.

Table 3. Scores and Prevalence of Symptoms Measured by the Modified ESAS Questionnaire According to DEPS Category.

DEPS <9

(n= 127)

DEPS ≥9
(n= 81)

Prevalencea (%) Score, median (IQR) Prevalencea (%) Score, median (IQR) P-value∗

Symptomsb

Pain at rest 50.8 1.0 (0.0-3.0) 61.0 2.0 (0.0-4.5) .02

Pain on movement 66.9 2.0 (0.0-4.0) 84.6 4.5 (1.0-7.0) .001

Tiredness 73.4 2.0 (0.0-4.0) 97.5 5.0 (3.0-7.0) <.001

Shortness of breath 76.8 3.0 (1.0-5.0) 94.9 6.0 (3.0-8.0) <.001

Loss of appetite 39.2 0.0 (0.0-2.0) 68.4 2.0 (0.0-5.0) <.001

Nausea 19.2 0.0 (0.0-0.0) 50.6 1.0 (0.0-3.0) <.001

Dry mouth 78.0 3.0 (1.0-5.0) 85.9 6.0 (3.0-8.0) <.001

Constipation 41.6 0.0 (0.0-2.5) 67.9 2.0 (0.0-5.0) <.001

Depression 37.6 0.0 (0.0-2.0) 87.3 4.0 (2.0-7.0) <.001

Anxiety 33.6 0.0 (0.0-1.0) 86.1 4.0 (2.0-7.0) <.001

Insomnia 51.2 1.0 (0.0-2.0) 83.5 3.0 (1.0-6.0) <.001

Well-being 3.0 (1.0-5.0) 5.0 (4.0-6.0) <.001

Abbreviations: ESAS, Edmonton symptom assessment system; DEPS, depression scale; IQR, interquartile range.
∗P-value for the difference in medians of DEPS <9 and ≥9.
aPrevalence is defined as a proportion of subjects with ESAS score ≥1.
bData were missing in 18 subjects: unwilling to answer DEPS questionnaire (4), technical or unknown reason (14).
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clinical evaluation of depression. These cut-offs for clinical
decision-making should be tested in further prospective studies.

In the present study, the subjects with chronic respiratory
insufficiency, especially those with COPD, suffered from a
high symptom burden measured with a systematic ESAS ques-
tionnaire. In previous studies, the symptoms described have
varied according to the study design or disease severity, but

they all have reported dyspnea as the main symptom.2,6,31

Blinderman et al6 described symptoms in patients with
advanced COPD, for whom they did not report LTOT or NIV
usage, and the most prevalent symptoms in addition to
dyspnea were fatigue, xerostomia, coughing, pain, and
anxiety. However, dry mouth was more prevalent in our sub-
jects with chronic respiratory insufficiency than in the
Blinderman study.6 In a recent study by Gainza-Miranda
et al,2 the highest ESAS scores were found in dyspnea and
loss of well-being in 60 patients with severe COPD and
LTOT with or without NIV. This is in line with our study, but
anxiety and depression were even more severe in the study by
Gainza-Miranda et al,2 compared to the subjects with COPD
in our study. In a study by Walke et al,31 patients with severe
COPD reported shortness of breath, anxiety, and physical dis-
comfort even more frequently than patients with cancer or
chronic heart failure. There are only a few studies concerning
symptoms on top of sleepiness in patients with OHS. In a
small study evaluating 10 patients with OHS, Baris et al16

reported depression and anxiety in all patients. In the present
study, the number of subjects with a primary diagnosis other
than COPD or OHS was too small for any disease-specific con-
clusions. However, these subjects also suffered from multiple
symptoms, and it is therefore essential to screen symptoms com-
prehensively in all patients with chronic respiratory insuffi-
ciency and to integrate symptom-centered palliative care into
the treatment.

Figure 1. The ROC curve for the ESAS depression score to predict a DEPS score ≥9.
Abbreviations: ROC, receiver operating characteristic; ESAS, Edmonton symptom assessment system.

Table 4. ESAS Depression Scores’ Capacity to Predict DEPS ≥9.

ESAS

depression

score

Sensitivity

(%)

Specificity

(%)

PPV

(%)

NPV

(%)

Accuracy

(%)

≥1 87 62 59 89 72

≥2 80 74 66 85 76

≥3 67 84 73 80 77

≥4 59 95 89 79 81

≥5 48 95 86 74 77

≥6 35 98 90 71 74

≥7 25 98 91 68 70

≥8 15 100 100 65 67

≥9 4 100 100 62 63

10 3 100 100 62 62

Abbreviations: ESAS, Edmonton symptom assessment system; DEPS, depression

scale; PPV, positive predictive value; NPV, negative predictive value.

DEPS was filled in 208 subjects.
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In the current study, 39% of the subjects with a completed
DEPS questionnaire reached the threshold of 9 points for
depressive symptoms without a significant difference between
the subject groups. Our result is in line with a previous study
in a similar patient population showing a prevalence of depres-
sive symptoms of 34%.29 In a review by Smith and Wrobel,15

the prevalence of depression varied from 8% to 80% in patients
with COPD, exceeding the prevalence found in the general pop-
ulation. Even in mild COPD, depression is reported in ∼15% of
the patients. Lewis et al32 found no difference in the prevalence
of depression between patients with COPD with or without
LTOT as in both patient groups, the prevalence of depression
was ∼15%. The prevalence of depression in patients with inter-
stitial lung disease varies from 10% to 49%.3,9,33 In contrast to
COPD and interstitial lung disease, there are only a few studies
concerning depression in OHS.16,34

Higher scores on the DEPS questionnaire were associated
with greater symptom scores in all ESAS categories in our sub-
jects. Similar results have been reported among patients with
advanced cancer.35 In COPD, clinically significant depression
has been associated with a greater level of dyspnea and with
other symptoms of COPD, such as cough, wheezing, and
sputum production.36 Severe pulmonary disease with severe
dyspnea can restrict a patient’s ability to leave home or take
part in activities, leading to social exclusion and later on to
depressive symptoms or clinical depression. Moreover, depres-
sive patients are physically less active, have impaired quality of
life, and may experience their symptoms more severely than
others.35,37 In addition to higher symptom burden, depression,
and depressive symptoms are associated with increased risk of
exacerbations, longer hospital stays, more frequent emergency
room visits, and shorter survival in COPD.37,38 Depression
may also influence compliance to treatment, and different treat-
ments may influence depression. In a previous study, noncom-
pliant LTOT users with COPD had major depression more often
than compliant LTOT users.39 However, depressive symptoms
are shown to decrease after CPAP therapy in OHS and by pul-
monary rehabilitation in COPD.16,34,40 Regardless of the etiol-
ogy of the chronic respiratory insufficiency, depressive
symptoms are associated with many clinically important vari-
ables and should trigger a comprehensive symptom evaluation
and therapy.

Strengths and Limitations
We presented a real-life study on an unselected sample of sub-
jects with chronic respiratory insufficiency. This study offers
practical information on the symptom burden and screening of
depressive symptoms in these subjects. The subjects with
chronic respiratory insufficiency are a heterogeneous group
with different underlying diseases, of which we focused on
the most common ones, COPD and OHS, while other subject
groups were too small to make conclusions.

We studied the overall symptom burden in these subjects
during their treatment. However, we did not have the results
of the ESAS questionnaires at the initiation of LTOT or NIV

in every subject, which prevented us from evaluating the
change in symptoms during the therapy. The ESAS question-
naire used in these subjects did not include questions concerning
cough or secretions, which might have been informative in sub-
jects with respiratory disease. Some of the subjects had missing
values in the ESAS and the DEPS due to the retrospective nature
of the study. Although the proportion of missing questionnaires
was limited, it is possible that subjects with depression or
without any symptoms were more unwilling to answer, which
might have influenced our results. The questionnaires were
given to the subjects at the same time when arriving at the
clinic, but as they were not asked to fill the forms out in a spe-
cific order, the random order may have affected the results.
Depressive symptoms in the ESAS were compared with a vali-
dated thorough questionnaire for depression (ie, the DEPS).
However, we could not compare the results of the ESAS depres-
sion score to a clinical diagnosis of depression made by a psy-
chiatrist. The focus of this study was to screen depressive
symptoms in all subjects visiting a pulmonary unit to find
those needing closer examination of depression.

Conclusion
Systematic assessment with the ESAS questionnaire revealed
that subjects with chronic respiratory insufficiency, especially
those with COPD, suffer from multiple symptoms beyond
breathlessness. The single ESAS depression question seems to
serve as a reasonable screening tool for depressive symptoms,
which were associated with a higher prevalence and severity
of other symptoms. We suggest that there is a need for systema-
tic symptom screening as well as integrated palliative care with
psychosocial support for patients with chronic respiratory
insufficiency.
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Abstract
Background: Patients with chronic respiratory insufficiency suffer from many symptoms together with dyspnea.
Objective: We evaluated the association of dyspnea on exercise with other symptoms in patients with chronic
respiratory insufficiency due to chronic obstructive pulmonary disease or interstitial lung disease.
Design: This retrospective study included 101 patients in Tampere University Hospital, Finland. Dyspnea on exercise
was assessed with modified Medical Research Council (mMRC) dyspnea questionnaire, and other symptoms were
assessed with Edmonton Symptom Assessment System (ESAS) and Depression Scale (DEPS). The study was approved
by Regional Ethics Committee of Tampere University Hospital, Finland (approval code R15180/December 1, 2015).
Results: Patients with mMRC 4 (most severe dyspnea) compared with those with mMRC 0–3 reported higher
symptom scores on ESAS in shortness of breath (median 8.0 [IQR 6.0–9.0] vs. 4.0 [2.0–6.0], p < 0.001), dry
mouth (7.0 [4.0–8.0] vs. 3.0 [1.0–6.0], p < 0.001), tiredness (6.0 [3.0–7.0] vs. 3.0 [1.0–5.0], p < 0.001), loss of appetite
(3.0 [0.0–6.0] vs. 1.0 [0.0–3.0], p = 0.001), insomnia (3.0 [1.0–7.0] vs. 2.0 [0.0–3.0], p = 0.027), anxiety (3.0 [0.0–5.5] vs.
1.0 [0.0–3.0], p = 0.007), and nausea (0.0 [0.0–2.0] vs. 0.0 [0.0–0.3], p = 0.027). Patients with mMRC 4 were more
likely to reach the DEPS threshold for depression than those scoring mMRC 0–3 (42.1% vs. 20.8%, p = 0.028).
Conclusions: Patients with chronic respiratory insufficiency need comprehensive symptom screening with rel-
evant treatment, as they suffer from broad symptom burden worsening with increased dyspnea on exercise.

Keywords: chronic obstructive pulmonary disease; chronic respiratory insufficiency; dyspnea on exercise;
Edmonton Symptom Assessment System; interstitial lung disease; modified Medical Research Council dyspnea
questionnaire

Introduction
Vast majority of patients with chronic obstructive
pulmonary disease (COPD) or interstitial lung disease
(ILD) suffer from dyspnea, but only a smaller fraction
with advanced disease have chronic respiratory insuffi-
ciency, a marker of impaired life expectancy. Dyspnea,
which may occur with or without respiratory insuffi-
ciency, is a subjective experience of breathing discom-
fort,1 whereas chronic respiratory insufficiency is an
objective finding defined by hypoxemia (partial pres-
sure of oxygen in arterial gas <8.0 kPa) or hypercapnia

(partial pressure of carbon dioxide in blood gas
‡6.0 kPa) caused by disturbance of gas exchange be-
tween pulmonary alveoli and circulation or by insuf-
ficient ventilation.2

Patients with advanced COPD or ILD typically suffer
from severe dyspnea,3–5 which increases with approach-
ing death and is associated with impaired quality of
life.6–8 In addition to dyspnea, patients with COPD
and ILD suffer frequently from other symptoms, such
as fatigue, weight loss, depression, and anxiety, further
impairing their quality of life.9 Previous studies have
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shown the association of dyspnea and other symptoms
in patients with COPD and ILD in general.3,10,11 How-
ever, the overall symptom burden specifically in patients
with chronic respiratory insufficiency due to COPD or
ILD and increasing dyspnea remains unknown.

Centers managing patients with chronic respiratory
insufficiency commonly screen for dyspnea as a target
of therapy. However, assessment of other symptoms
and their association with increasing dyspnea would
be important to offer more comprehensive treatment
for these patients.

Our aim was to assess how dyspnea on exercise is as-
sociated with overall symptom burden in patients with
chronic respiratory insufficiency due to COPD or ILD.

Materials and Methods
This was a retrospective study performed in patients
with chronic respiratory insufficiency visiting the respi-
ratory insufficiency clinic of Tampere University Hos-
pital between 1.10.2016 and 31.10.2017. All the patients
with chronic respiratory insufficiency due to COPD or
ILD, who had filled in the modified Medical Research
Council (mMRC) dyspnea questionnaire during the rou-
tine visits, were included. Patients’ clinical character-
istics, diagnoses, mMRC dyspnea scores, Edmonton
Symptom Assessment System (ESAS), and Depression
Scale (DEPS) were collected from medical records. The
Charlson comorbidity index (CCI) was calculated for
each patient.12,13

Questionnaires
The mMRC questionnaire asks patients to self-report
dyspnea in daily activities. The scale varies from 0 to
4: 0 for ‘‘I only get breathless with strenuous exercise,’’
1 for ‘‘I get short of breath when hurrying on the level
or up a slight hill,’’ 2 for ‘‘I walk slower than people of
the same age on the level because of breathlessness
or have to stop for breath when walking at my own
pace on the level,’’ 3 for ‘‘I stop for breath after walking
about 100 meters or after a few minutes on the level,’’
and 4 for ‘‘I am too breathless to leave the house.’’14,15

ESAS is used for assessing symptoms in many ad-
vanced diseases.16,17 Patients rate different symptoms
on a numeric rating scale from 0 (no symptoms) to
10 (the worst possible symptoms).18,19 We used a mod-
ified version with 12 questions covering 11 symptoms
and general well-being (0 for the best possible well-
being and 10 for the worst possible well-being). The
cutoff point for each symptom to be categorized as mod-
erate or severe was ‡4.20–22

The DEPS is a validated self-assessed screening tool
for depression consisting of 10 questions and provides
a total score varying from 1 to 30 points.23 The sug-
gested cutoffs for depressive symptoms and clinical
depression are ‡9 and ‡12, respectively.24

Statistical analysis
The five-step mMRC scale was converted to two-step
scale by comparing scores 0–3 and 4 to sort out
the group with most difficult dyspnea on exercise.
Comparisons of different groups were performed by
Mann-Whitney U test for continuous variables as the
distributions were non-normal based on visual estima-
tion, and Pearson’s chi-square or Fisher’s exact tests for
categorical variables.
To assess if the relation between dyspnea on exercise

and other symptoms is independent of other clinical
factors, we conducted a logistic regression multivariate
analysis including also gender, age, body mass index,
primary diagnosis for chronic respiratory insufficiency,
CCI, and ESAS total score. Statistical significance was
set as p< 0.05. Analyses were performed with IBM
SPSS Statistics version 26.0. (IBM Corp, Armonk, NY).

Ethics approval and consent to participate
This study was approved by the Regional Ethics Com-
mittee of Tampere University Hospital, Finland (ap-
proval code R15180/December 1, 2015).

Results
During the follow-up time, 128 patients with COPD or
ILD and chronic respiratory insufficiency visited the
clinic. The mMRC questionnaire was available in 101
patients, among whom ESAS and DEPS questionnaires
were available in 98 and 91 patients, respectively. Rea-
sons for the missing ESAS or DEPS questionnaires
were unwillingness to answer the questionnaire, inabil-
ity to complete the questionnaire, and technical or un-
known reasons.
The patient characteristics are shown in Table 1.

COPD was severe (GOLD grade III: FEV1 30%–50%
predicted) or very severe (GOLD grade IV: FEV1 <30%
predicted)9 in most (75.2%) of the patients with COPD.
Patients in mMRC category 4 were more likely to need
help in activities of daily living and had lower FEV1

and body mass index than those scoring 0–3 in mMRC.
The treatment for respiratory insufficiency was oxygen
therapy in 81 (80.2%), noninvasive ventilation (NIV) in
10 (9.9%), and both in 6 (5.9%) patients. Four patients
(4.0%) refused to use NIV or oxygen therapy despite
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chronic respiratory insufficiency. Of the deceased pa-
tients, 29 (60.4%) died during the following year after
the visit in the clinic.
The symptom severities measured by ESAS in the

two mMRC categories are shown in Table 2. In the
total study population, shortness of breath and dry
mouth were the most severe symptoms. Compared with
patients with mMRC 0–3, those with mMRC 4 reported
significantly higher scores in shortness of breath, dry
mouth, tiredness, loss of appetite, anxiety, insomnia,
nausea, and impaired well-being.
A significantly higher proportion of patients with

mMRC 4, compared with those scoring 0–3 in
mMRC, reached the threshold for moderate or severe
symptom (‡4) in shortness of breath, pain on move-
ment, tiredness, loss of appetite, constipation, anxiety,
insomnia, and dry mouth. The total ESAS score
among patients in mMRC category 4 compared with
those in mMRC 0–3 category remained statistically sig-
nificantly higher also in the logistic regression multi-
variate analysis accounting for other clinical factors.
The scores of DEPS in the two mMRC categories are

shown in Table 3. As compared with patients scoring
0–3 in mMRC, those in mMRC category 4 had higher
median DEPS scores and a significantly higher propor-
tion of them reached the threshold for clinical depression.

Discussion
We identified a high symptom burden among patients
with chronic respiratory insufficiency due to COPD or

ILD. Patients with more severe dyspnea on exercise and
scoring 4 in mMRC had more severe symptoms of dry
mouth, tiredness, loss of appetite, anxiety, nausea, and in-
somnia in addition to impaired well-being measured with
ESAS, compared with those with mMRC 0–3. Also de-
pression measured with DEPS was more common in pa-
tients with mMRC 4 than in patients with mMRC 0–3.

Our finding that patients with COPD or ILD suffer
from many symptoms, which worsens by increasing
dyspnea on exercise, is in line with previous stud-
ies.25,26 However, although earlier studies have shown
that symptoms are worse in those patients with COPD
or ILD who suffer from more severe dyspnea,3,27 this
is the first study to assess this specifically in patients
with chronic respiratory insufficiency.

Many of the symptoms found in this study, such as
fatigue, loss of appetite, and tiredness, may be conse-
quences of an advanced disease.28 In contrast, some of
the symptoms, for example, dry mouth, could be directly
associated with dyspnea on exercise as a result of mouth
breathing and higher frequency of breathing, but also
oxygen therapy or NIV and used medication, for exam-
ple, inhaled anticholinergics, may provoke dryness of
mouth.

Scoring at least 12 points in DEPS questionnaire,
the cutoff for depression,24 was significantly more com-
mon in patients with mMRC score 4 than in those with
mMRC score 0–3. This is in line with previous studies
that have focused on the same relation from the oppo-
site perspective and showed higher levels of dyspnea

Table 1. Patient Characteristics According to the Modified Medical Research Council Dyspnea Scale Category

All patients mMRC 0–3 mMRC 4 pa

Total, n 101 55 46
Male, n (%) 65 (64.4) 36 (65.5) 29 (63.0) 0.801
Age, years, median (IQR) 75.0 (70.0–81.0) 74.0 (69.0–80.0) 75.5 (71.0–81.5) 0.141
BMI, kg/m2, median (IQR) 24.5 (21.1–29.3) 27.0 (22.5–33.2) 23.3 (19.3–27.7) 0.001

Smoking status, n (%)
Never-smoker 9 (8.9) 3 (5.5) 6 (13.0) 0.104
Ex-smoker 89 (88.1) 48 (87.3) 40 (87.0)
Smoker 4 (4.0) 4 (7.3) 0 (0.0)

Disease causing the chronic respiratory insufficiency, n (%)
COPD 89 (88.1) 47 (85.5) 42 (91.3) 0.366
ILD 12 (11.9) 8 (14.5) 4 (8.7)

FEV1
Liters, median (IQR) 0.90 (0.60–1.25) 0.98 (0.68–1.48) 0.72 (0.46–1.1) 0.008
% of predicted, median (IQR) 31.0 (23.0–48.5) 34.0 (27.0–54.0) 25.5 (19.0–44.3) 0.003

Charlson comorbidity index, median (IQR) 2.0 (0.0–2.0) 2.0 (0.0–2.0) 2.0 (0.0–2.0) 0.789
Need for help with ADL, n (%) 38 (37.6) 9 (16.4) 29 (63.0) <0.001
Died before 31.12.2018, n (%) 48 (47.5) 22 (40.0) 26 (56.5) 0.098

aBetween the patients in categories mMRC 0–3 and mMRC 4.
ADL, activities of daily living; BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in one second;

ILD, interstitial lung disease; IQR, interquartile range; mMRC, modified Medical Research Council.
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and other symptoms in patients with COPD suffering
from anxiety and depression.29,30 Dyspnea has also
been associated with higher depression scores in pa-
tients with ILD.10 In a previous study on an unselected
population of patients with chronic respiratory insuffi-
ciency, one third of the patients suffered from depres-
sive symptoms and a quarter from depression,31 being
less than in this study focusing only on patients with
COPD or ILD causing respiratory insufficiency.
The patients with mMRC score 4 have, by definition,

restricted ability to leave home or take part in activities,
which may lead to social exclusion and depression.
This further underlines the importance of screening

Table 2. Median Scores and Proportion of Patients with at Least Moderate Symptoms (‡4 Points) in Edmonton Symptom
Assessment System Questionnaire According to Modified Medical Research Council Dyspnea Scale Category

All (n =98) mMRC 0–3 (n= 55) mMRC 4 (n = 43) pa

ESAS scoresb

Pain at rest
Median (IQR) 0.0 (0.0–3.0) 0.0 (0.0–3.0) 2.0 (0.0–4.0) 0.063
‡4, % 21.9 17.0 27.9 0.198

Pain on movement
Median (IQR) 2.0 (0.0–6.0) 2.0 (0.0–4.0) 5.0 (0.0–6.0) 0.068
‡4, % 41.7 30.2 55.8 0.011

Tiredness
Median (IQR) 3.0 (2.0–6.0) 3.0 (1.0–5.0) 6.0 (3.0–7.0) <0.001
‡4, % 49.0 32.1 69.8 <0.001

Shortness of breath
Median (IQR) 6.0 (3.0–8.0) 4.0 (2.0–6.0) 8.0 (6.0–9.0) <0.001
‡4, % 72.2 57.4 90.7 <0.001

Loss of appetite
Median (IQR) 1.0 (0.0–5.0) 1.0 (0.0–3.0) 3.0 (0.0–6.0) 0.001
‡4, % 28.9 14.8 46.5 0.001

Nausea
Median (IQR) 0.0 (0.0–1.0) 0.0 (0.0–0.3) 0.0 (0.0–2.0) 0.027
‡4, % 6.2 3.7 9.3 0.255

Dry mouth
Median (IQR) 5.0 (2.0–7.0) 3.0 (1.0–6.0) 7.0 (4.0–8.0) <0.001
‡4, % 60.2 47.3 76.7 0.003

Constipation
Median (IQR) 1.0 (0.0–4.0) 1.0 (0.0–3.0) 2.0 (0.0–6.0) 0.072
‡4, % 28.9 18.5 41.9 0.012

Depression
Median (IQR) 1.0 (0.0–4.0) 1.0 (0.0–3.0) 2.0 (0.0–5.0) 0.120
‡4, % 30.2 22.2 40.5 0.053

Anxiety
Median (IQR) 1.0 (0.0–4.8) 1.0 (0.0–3.0) 3.0 (0.0–5.5) 0.007
‡4, % 32.3 22.2 45.2 0.017

Insomnia
Median (IQR) 2.0 (0.0–4.0) 2.0 (0.0–3.0) 3.0 (1.0–7.0) 0.027
‡4, % 28.1 18.9 39.5 0.025

Well-being
Median (IQR) 4.0 (3.0–5.0) 3.0 (2.0–5.0) 5.0 (4.0–6.0) <0.001

Total score
Median (IQR) 34.0 (21.0–51.5) 24.0 (15.8–34.8) 44.0 (34.0–63.0) <0.001

aBetween the patients in categories mMRC 0–3 and mMRC 4.
bData missing in three patients: inability to fill in the questionnaire (2), unwillingness to answer the questionnaire (1).
ESAS, Edmonton Symptom Assessment System.

Table 3. Median Scores and Proportion of Patients
with at Least 9 or 12 Points in Depression Scale
Questionnaire According to Modified Medical
Research Council Dyspnea Scale Category

All (n= 91)
mMRC 0–3
(n =53)

mMRC 4
(n= 38) pa

DEPS score,
median (IQR)b

8.0 (3.0–14.0) 6.0 (2.5–10.5) 9.5 (4.8–18.5) 0.025

DEPS ‡9 points,
n (%)

41 (40.6) 20 (37.7) 21 (55.3) 0.097

DEPS ‡12 points,
n (%)

27 (26.7) 11 (20.8) 16 (42.1) 0.028

aBetween patients in categories mMRC 0–3 and mMRC 4.
bData missing in 10 patients: inability to complete in the questionnaire

(2), unwillingness to answer DEPS questionnaire (3), technical or unknown
reason (5).
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depression in patients with chronic respiratory insuffi-
ciency to find those patients who will benefit from the
treatment of depression.

Strengths and limitations
This was a retrospective study performed in patients
with chronic respiratory insufficiency due to COPD
or ILD, offering practical information on symptom
burden of these patients. Owing to the retrospective
nature of the study, there were some questionnaire
data missing. This may have biased the sample to
those with less severe symptoms, and thereby under-
estimated the total symptom burden of the patient
population. Medical treatment of the underlying pul-
monary disease and treatment of chronic respiratory
insufficiency may affect the relationship between dysp-
nea on exercise and other symptoms, but we were not
able to assess this effect in our cross-sectional setting.
Further long-term follow-up studies would provide

more information on how the relationship between
dyspnea on exercise and other symptoms develop dur-
ing the course of the disease.

Conclusions
In patients with chronic respiratory insufficiency due
to pulmonary disease increasing dyspnea on exercise
is associated with higher overall symptom burden, es-
pecially symptoms such as dry mouth, tiredness, loss
of appetite, anxiety, nausea, depression, and insomnia.
Therefore, these patients need a comprehensive symp-
tom screening and management, including psychoso-
cial support and early integrated palliative care.
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BACKGROUND: The need for long-term oxygen therapy (LTOT) is usually a sign of advanced
disease, which could trigger advance care planning. However, LTOT is used in patients with
different characteristics and multiple diagnoses beyond COPD. We studied the factors associated
with survival in an unselected sample of subjects who started LTOT. METHODS: We conducted
a retrospective study that included 195 subjects for whom LTOT was initiated in Tampere Uni-
versity Hospital from January 1, 2012, to December 31, 2015, and followed up until December 31,
2017. RESULTS: The most frequent diseases that caused the need for LTOT were COPD and
interstitial lung diseases. Most of the subjects (69%) died during the study period; the median
survival time was 2.2 y. The subjects with interstitial lung disease as a primary disease for LTOT
had a shorter survival time (median 0.9 y) compared with those with COPD (median 2.4 y, P < .001).
Survival was shorter in the subjects ages >75 y (median 1.4 y) compared with those who were ages
<75 y (median 2.8 y, P � .001) and also in those who required help with daily activities (median
1.2 y) compared with those who did not (median 3.3 y, P < .001). In multivariate analysis, a
diagnosis of interstitial lung disease (hazard ratio 2.1, 95% CI 1.4–3.2), Charlson comorbidity index
(hazard ratio 1.26, 95% Cl 1.11–1.43), and required help in activities of daily living (hazard
ratio 2.1, 95% CI 1.4–3.1) were associated with impaired survival. CONCLUSIONS: The survival
of the subjects who started LTOT varied greatly. The subjects with interstitial lung disease and
those who required assistance with activities of daily living were at risk of dying in �1 y, which
suggested that advance care planning should be directed especially to these patients. Key words:
chronic hypoxemia; long-term oxygen therapy; interstitial lung disease; chronic obstructive pulmonary
disease; activities of daily living; survival.
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Fig. 1. A: Overall survival after the initiation of long-term oxygen therapy in the total study sample. B: In subjects ages �75 y (median 1.4
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ILD (median 0.9 [IQR 0.4–2.2] y), or other (median 3.2 [IQR 1.1–5.8] y), P � .001 between COPD and ILD. D: According to the need for help
in activities of daily living, did not need help (median 3.3 [IQR 1.7–5.8] y) and needed help (median 1.2 [QR 0.4–2.8] y), P � .001. IQR �
interquartile range; ILD � interstitial lung disease, NA � not available.
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Survival and end-of-life aspects among subjects on long-term noninvasive 
ventilation
Heidi A. Rantala a,b, Sirpa Leivo-Korpela a,b, Siiri Kettunenb, Juho T. Lehto b,c and Lauri Lehtimäki b,d
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ABSTRACT
Background: The need for noninvasive ventilation (NIV) is commonly considered a predictor of 
poor survival, but life expectancy may vary depending on the underlying disease. We studied the 
factors associated with decreased survival and end-of-life characteristics in an unselected popula-
tion of subjects starting NIV.
Methods: We conducted a retrospective study including 205 subjects initiating NIV from 1/1/ 
2012-31/12/2015 who were followed up until 31/12/2017.
Results: The median survival time was shorter in subjects needing help with activities of daily 
living than in independent subjects (hazard ratio (HR) for death 1.7, 95% CI 1.2–2.6, P = 0.008) and 
was also shorter in subjects on long-term oxygen therapy (LTOT) than in those not on LTOT (HR 
for death 2.8, 95% CI 1.9–4.3, P < 0.001). There was marked difference in survival according to the 
disease necessitating NIV, and subjects with amyotrophic lateral sclerosis or interstitial lung 
disease seemed to have the shortest survival. The two most common diseases resulting in the 
need for NIV were chronic obstructive pulmonary disease (COPD) and obesity hypoventilation 
syndrome (OHS). The median survival time was 4.4 years in COPD subjects, but the median 
survival time was not reached in subjects with OHS (HR for death COPD vs. OHS: 3.2, 95% CI 
1.9–5.5, P < 0.001). Most of the deceased subjects (55.6%) died in the hospital, while only 20.0% 
died at home. The last hospitalization admission leading to death occurred through the emer-
gency room in 44.4% of the subjects.
Conclusions: Survival among subjects starting NIV in this real-life study varied greatly depending 
on the disease and degree of functional impairment. Subjects frequently died in the hospital after 
admission through the emergency department. A comprehensive treatment approach with 
timely advance care planning is therefore needed, especially for those needing help with 
activities of daily living and those with both NIV and LTOT.
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Introduction

Chronic hypercapnia commonly occurs in the late 
stages of pulmonary diseases, such as chronic obstruc-
tive pulmonary disease (COPD), some neuromuscular 
disorders and, by definition, obesity hypoventilation 
syndrome (OHS) [1]. It has been shown that the treat-
ment of hypoventilation with noninvasive ventilation 
(NIV) in patients with OHS [2] or amyotrophic lateral 
sclerosis (ALS) [3,4] improves survival [5], reduces 
sleepiness and decreases daytime PaCO2 [6]. 
Although the overall benefit of long-term NIV for 
patients with COPD is under debate, the use of NIV 
has been shown to improve survival and reduce read-
missions among patients with persistent hypercapnia 
after acute exacerbation of COPD [7]. There are 

international guidelines for the initiation of NIV in 
patients with COPD [8,9] and OHS [1,10], but the 
criteria are not strict, leaving room for clinical judg-
ment. The use of NIV may also be beneficial in patients 
with hypoventilation due to other diseases, such as 
thoracic deformation. As the list of diseases causing 
chronic hypoventilation is long and there are no uni-
form criteria for the initiation of NIV, the real-life 
sample of patients initiating NIV is heterogeneous, 
with different underlying diseases and comorbidities.

End-of-life care and advance care planning are 
usually recommended if the patient is at considerable 
risk of dying in the next 12 months [11]. Timely 
advance care planning improves patient care and 
decreases unnecessary treatments and hospital 
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admissions [12]. In subjects with neuromuscular dis-
eases, such as ALS, hypoventilation is a sign of 
advanced disease [4]. The overall survival of patients 
with COPD on NIV is difficult to estimate as 
a consequence of the substantial impact of comorbid-
ities [13]. As patients treated with NIV form 
a heterogeneous group, the need for NIV cannot be 
uniformly used as an indicator of poor prognosis. 
Therefore, it would be useful to identify relevant prog-
nostic factors to guide the appropriate timing of 
advance care planning and arrangements for end-of- 
life care in everyday practice.

Our aim was to identify the factors associated with 
decreased survival and end-of-life characteristics in 
subjects in whom NIV was initiated in a real-life setting 
in an unselected patient population of a respiratory 
insufficiency clinic.

Materials and methods

Subjects

All subjects who started NIV, excluding 11 subjects 
with only sleep apnoea, between 1 January 2012, and 
31 December 2015, in the respiratory insufficiency unit 
of Tampere University Hospital were included in this 
study. Tampere University Hospital provides care for 
the 530 000 inhabitants of Pirkanmaa County. All the 
subjects were treated in an acute pulmonary ward or 
respiratory insufficiency unit at the time of initiation of 
NIV, and they visited the respiratory insufficiency unit 
1–3 months after the initiation of NIV and approxi-
mately once or twice per year thereafter. The decision 
to initiate NIV was made on clinical grounds by the 
attending pulmonologist, who applied the relevant 
guidelines [2,4,8,14]. The subjects were followed up 
until death or 31 December 2017.

Data collection

All the medical records of the subjects were reviewed. 
The collected information included sex, age, weight, 
height, living conditions, smoking status, primary diag-
noses, information about comorbidities, do not resus-
citate orders and decisions regarding end-of-life care. 
We also collected the results of spirometry and arterial 
or capillary blood gas analysis and the usage hours and 
settings of NIV recorded by nurses or doctors. The 
median daily usage hours from the device memory 
card were registered at every control for the time 
period between the previous and current visits. The 
disease necessitating NIV was defined as the primary 
disease, while all the other diseases were considered 

comorbidities. Diagnoses of COPD and OHS were 
made by the attending physician of the respiratory 
insufficiency unit in compliance with the current 
guidelines [1,15]. The Charlson comorbidity index 
was calculated for the subjects based on the number 
and severity of their comorbidities [16,17]. A subject 
was defined as needing help with activities of daily 
living (ADL) if he or she needed daily help from 
a family member working as a caregiver, received 
home care services provided by social services (e.g., 
dietary services, ablutions, dressing or medication) or 
permanently resided in a nursing home or 
a community hospital.

All the death certificates of the subjects who died 
before 31 December 2017 were reviewed. The collected 
information included the date and cause of death, place 
of death, do not resuscitate orders and end-of-life care 
decisions. An end-of-life care decision was defined as 
a recorded decision to start comfort-only end-of-life 
care or symptom-centred palliative care.

Statistical analysis

Almost all of the continuous variables were non- 
normally distributed based on visual estimation; thus, 
nonparametric tests were used. Comparisons of cate-
gorical variables were performed with the Mann– 
Whitney U test or Kruskal–Wallis test for continuous 
variables and Pearson’s chi-square test or Fisher’s exact 
test for categorical variables. The Kaplan–Meier 
method and Cox regression were used for survival 
estimation. All comorbidities affecting more than five 
subjects (hypertension, cardiovascular diseases, dia-
betes, asthma, previous cancer and sleep apnoea) and 
age were included in the Cox multivariate analysis 
conducted in subjects with COPD or OHS. Statistical 
significance was set at P < 0.05. Analyses were per-
formed with IBM SPSS Statistics versions 22.0 and 26.0 
(IBM Corp, Armonk, NY).

Ethics consideration

This study was approved by the Regional Ethics 
Committee of Tampere University Hospital, Finland 
(approval code R15180/1 December 2015).

Results

A total of 205 subjects started long-term NIV during 
the study period and were included. The characteristics 
of the subjects are shown in Table 1. The most com-
mon diseases necessitating NIV were COPD and OHS. 
Three out of eight subjects with ILD initiated NIV with 
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concomitant LTOT due to hypercapnia ≥8 kPa and five 
subjects with ILD initiated NIV as part of palliative 
treatment for dyspnoea. Of the subjects included in the 
analysis, 135 (65.9%) started NIV during an acute 
exacerbation or airway infection, but they all fulfilled 
the criteria for long-term NIV after the resolution of 
the acute event. Altogether, 62 (30.2%) of all the 
included subjects and 26 (49.1%) of the subjects with 
COPD were treated with long-term oxygen therapy 
(LTOT) concomitantly with NIV. Of all the subjects 
who discontinued NIV during the follow-up period, 33 
(16.1%) subjects discontinued due to lack of motivation 
or insufficient usage hours (<4 h per 24 h), and 14 
(6.8%) subjects did not fulfil the criteria for NIV any-
more. Furthermore, of those who discontinued NIV, 29 
(60.0%) discontinued it during the first year, 6 (20.7%) 
of whom had COPD, 17 (58.6%) of whom had OHS 
and 6 (20.7%) of whom had other diagnoses. The 
median partial pressure of pCO2 was 8.1 kPa (IQR 
7.0–9.5) at the initiation of NIV, and at the first con-
trol, it was reduced to 6.1 kPa (IQR 5.4–6.7). The 
detailed settings of NIV, usage data and values of 
pCO2 are shown in Supplementary Table 1. The most 
common comorbidities were cardiovascular diseases, 
hypertension and diabetes. Of all the subjects, 56 
(27.3%) needed daily help at home, and 15 (7.3%) 
permanently resided in a nursing home or 
a community hospital.

Baseline characteristics in the subjects with COPD, 
OHS and other diagnoses are presented in Table 2. As 
expected, subjects with COPD had a more prominent 
smoking history, while subjects with OHS were more 
likely to be obese and more often suffered from con-
comitant sleep apnoea. Of those subjects with OHS, 20 
(20.6%) also had mild or moderate COPD as 
a comorbidity.

Survival

Almost half (43.9%) of the subjects died during the 
study period. Needing help with ADL was associated 
with worse survival than being independent (hazard 
ratio for death (HR) 1.7, 95% CI 1.2–2.6, P = 0.008) 
(Figure 1(a)). Lung function or discontinuation of NIV 
therapy were not significantly associated with survival. 
In the total study sample, subjects who used LTOT 
concomitantly with NIV had worse survival than 
those who did not use LTOT (HR 2.8, 95% CI 
1.9–4.3, P < 0.001) (Figure 1(b)).

There were marked differences in survival between sub-
jects with different diseases, and the median survival was 
significantly longer in subjects with OHS (median not 
reached) than in those with COPD (median of 4.4 yrs., 

IQR 1.4–5.3, P < 0.001) (Figure 1(c)). The numbers of 
subjects in each of the other disease groups were relatively 
small, and detailed survival data in these groups are pre-
sented in Supplementary Figure 1. Survival was shortest in 
subjects with interstitial lung diseases and ALS.

Due to the small numbers of subjects in other disease 
groups, Cox multivariate analysis was conducted only in 
subjects with COPD and OHS (Supplementary Table 2). In 
subjects with COPD, hypertension (HR 6.4 (95% CI 2.4–-
17.2, P < 0.001)) and older age (HR 1.1 (95% CI 1.0–1.2, 
P = 0.011)) were significantly associated with worse survi-
val, while diabetes (HR 0.2 (95% CI 0.1–0.6, P = 0.002)) and 
previous cancer (HR 0.1 (95% CI 0.02–0.5, P = 0.006)) were 
associated with longer survival. None of the comorbidities 
in the survival analysis were associated with the survival 
time among subjects with OHS.

End-of-life characteristics

Of the subjects who died, 87.8% had do not resuscitate 
orders, and 43.3% had end-of-life care decisions (Table 
3). The do not resuscitate decision was made a median 
of 199 days before death (IQR 43–642 days), and the 
medians were 171 days (IQR 35–506), 144 days (IQR 
20–665) and 387 days (IQR 97–697) among subjects 
with COPD, OHS and other diagnoses, respectively 
(P = 0.344). The exact date of the DNR decision was 
missing in 24 subjects. Fifty-six percent of all the 
deceased subjects died in the hospital, and one-fifth 
died at home. Of those who died at the hospital, 
86.0% had a do not resuscitate order, and 40.0% had 
an end-of-life care decision, while these proportions 
were 83.3% and 38.9%, respectively, among those who 
died at home. Forty-four percent of the subjects arrived 
via the emergency department for their last hospital 
admission before death. There was no difference in do 
not resuscitate orders or end-of-life care decisions 
between subjects who arrived via the emergency 
department for the last hospitalization before death 
and those who did not. The most common causes of 
death were COPD and heart disease.

Discussion

In this retrospective study on subjects with NIV due to 
respiratory insufficiency, the need for help with ADL 
and simultaneous LTOT were associated with shor-
tened survival, while subjects with COPD had worse 
survival than those with OHS. Among the comorbid-
ities, hypertension was associated with decreased sur-
vival in subjects with COPD. Decisions reflecting the 
recognition of the approach of the end-of-life period 
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were commonly made, but many of the subjects still 
died in the hospital.

The median survival time in subjects with COPD 
(4.4 yrs.) was slightly better than that identified in 
a study by Blankenburg et al. (3.9 yrs.), while a rela-
tively long survival of OHS subjects was found in both 
studies[18]. Subjects with other diagnoses showed very 
variable prognoses in our study. Furthermore, there 
were very limited numbers of subjects in these groups, 
precluding the drawing of firm conclusions. However, 
subjects with amyotrophic lateral sclerosis and inter-
stitial lung disease had poor survival, which is in line 
with previous studies [19,20]. Among subjects with 
chronic hypoventilation, those with COPD, amyo-
trophic lateral sclerosis and interstitial lung diseases 
could benefit from timely advance care planning.

To our knowledge, this is the first study to evaluate 
the association between needing help with ADL and 
survival in subjects with NIV. Impairment in ADL has 
been previously shown to affect survival in the general 
elderly population [21], and patients with COPD have 
more difficulties with ADL than those without COPD 
[22]. However, those previous studies did not report 
the usage of NIV. Coping with ADL should be assessed 
among patients needing domiciliary NIV because 
needing help with ADL is common and is associated 
with worse survival.

Most of the subjects starting NIV, especially those 
with OHS, had several comorbidities, of which cardio-
vascular diseases, hypertension, diabetes and sleep 
apnoea were the most common. In contrast to the 
findings in some previous studies, cardiovascular dis-
eases were not associated with decreased survival 
among subjects with COPD in our study [13,23,24]. 
However, hypertension was associated with poor sur-
vival in subjects with COPD in our results. In 
a previous study by Mannino et al., hypertension was 
common in subjects with at least severe COPD; hyper-
tension was only slightly associated with impaired sur-
vival, while cardiovascular disease had a larger effect on 
survival [24]. We suggest that subjects with hyperten-
sion could actually have undiagnosed cardiovascular 
disease and a higher risk of cardiovascular events. 
Subjects with COPD and diabetes or previous non- 
metastatic cancer had better survival than those with-
out. This somewhat unexpected finding might be due 
to better health behaviours in subjects with diabetes 
and cancer survivors. Although our results may also be 
partly due to the lack of power or coincident results 
related to multiple statistical testing, they highlight the 
need for comprehensive care of patients treated with 

Table 1. Subject characteristics.
Sex, n (%) 

Males 
Females 

Age, Median (IQR) y 
< 65 y, n (%) 
65–75 y, n (%) 
> 75 y, n (%) 

Body mass index, Median (IQR) (kg/m²)* 
<18.5, n (%) 
18.5–24.9, n (%) 
25.0–29.9, n (%) 
30.0–34.9, n (%) 
35.0–39.9, n (%) 
>40.0, n (%) 

Need for help with ADL, n (%) 
No 
Yes 

Smoking status, n (%) 
Never-smoker 
Ex-smoker 
Smoker 
Not known 

Pack years, Median (IQR) y 
FEV₁ † 

Median (IQR) L 
Median (IQR) % of predicted 
FVC ‡ 
Median (IQR) L 
Median (IQR) % of predicted 

FEV1/FVC, Median (IQR) ‡ 
pCO2, Median (IQR) kPa 
Primary disease that caused the need for 

NIV, n (%) 
Obesity hypoventilation syndrome 
COPD 
Amyotrophic lateral sclerosis 
Other neurological disease than 
amyotrophic lateral sclerosis 
Thoracic deformity 
Interstitial lung diseases 
Other § 

Comorbidities, n (%) 
Hypertension 
Cardiovascular diseases 
Sleep Apnea 
Diabetes 
Asthma 
COPD 
Cancer 
Neurological diseases 
Renal diseases 
Rheumatic diseases 
Others 
No comorbidities 

Charlson Comorbidity Index, Median (IQR)

120 (58.5) 
85 (41.5) 

67.0 (60.3–75.1) 
85 (41.5) 
74 (36.1) 
46 (22.4) 

33.2 (25.5–43.3) 
11 (5.5) 

35 (17.5) 
32 (16.0) 
29 (14.5) 
33 (16.5) 
60 (30.0)  

134 (65.4) 
71 (34.6)  

69 (33.7) 
89 (43.4) 
46 (22.4) 

1 (0.5) 
30.0 (15.0–50.0)  

1.23 (0.86–1.83) 
45.5 (33.0–59.0)  

2.30 (1.60–2.78) 
61.0 (49.0–71.5) 
0.67 (0.48–0.77) 

8.2 (7.1–9.6)   

97 (47.3) 
53 (25.9) 
10 (4.9) 
17 (8.3)  

14 (6.8) 
8 (3.9) 
6 (2.9)  

127 (62.0) 
117 (57.1) 
87 (42.4) 
85 (41.5) 
48 (23.4) 
26 (12.7) 
31 (15.1) 
20 (9.8) 
19 (9.3) 
15 (7.3) 

99 (48.3) 
12 (5.9) 

1.0 (1.0–2.0)

* Data missing in five subjects due to being confined to bed (tetraplegia, 
multiple sclerosis, spinocerebellar ataxia or otherwise poor general con-
dition (2)). 

† Data missing in 20 subjects: lack of co-operation (tetraplegia, muscle 
dystrophy or subject didn’t understand instructions because of e.g. 
Alzheimer’s disease) in ten subjects and spirometry was not conducted 
in nine subjects as the disease was not a lung disease and missing values 
in one subject. 

‡ Data missing in 40 subjects: only microspirometry available (20) and same 
reasons as for FEV1† (20) 

§ Consisting of central hypoventilation due to opioids (n = 1), bronchiolitis 
obliterans (n = 1), severe asthma (n = 1), tracheobronchomalacia (n = 1), 
vocal cord dysfunction (n = 1), chronic pleuritis (n = 1) 

IQR, interquartile range; ADL, activities of daily living; FEV₁, forced expiratory 
volume in one second; FVC, forced vital capacity; pCO2, partial pressure of 
carbon dioxide; NIV, noninvasive ventilation; COPD, chronic obstructive 
pulmonary disease 
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NIV, with a focus on comorbidities and not just 
hypoventilation.

The subjects in this study were adherent to NIV, 
with a median of 6 h. Our results are in line with those 
of the study by Blankenburg et al., although the dis-
continuation percentages in subjects with COPD and 
OHS in our study were slightly lower [18]. Moreover, 
discontinuation was not associated with survival in the 
subjects in the current study, even though discontinua-
tion has previously been shown to be associated with 
worse survival in subjects with OHS [25]. Our finding 

might be related to the tendency of subjects with 
milder disease and better prognosis to perceive less 
subjective gain from the treatment, making them 
more likely to discontinue NIV, although again, the 
lack of a significant association between survival and 
the discontinuation of NIV may also be due to the 
relatively small study population. In our study, the 
decrease in pCO2 after the initiation of NIV was quite 
good even with relatively low pressures, especially in 
subjects with COPD, compared to what is usually 
recommended [26,27], and this might be related to 

Table 2. Subject characteristics in subjects with COPD, obesity-hypoventilation syndrome or other diagnoses as the cause for 
initiation of noninvasive ventilation.

COPD OHS Others P-value

Total, n 
Sex, n (%) 
Males 
Females 

Age, Median (IQR) y 
< 65 y, n (%) 
65–75 y, n (%) 
>75 y, n (%) 

Body mass index, Median (IQR) (kg/m²)* 
<18.5, n (%) 
18.5–24.9, n (%) 
25.0–29.9, n (%) 
30.0–34.9, n (%) 
35.0–39.9, n (%) 
>40.0, n (%) 

Need for help with ADL, n (%) 
No 
Yes 

Smoking status, n (%) 
Never-smoker 
Ex-smoker 
Smoker 
Not known 

Pack years, Median (IQR) y 
FEV₁ † 

Median (IQR) L 
Median (IQR) % of predicted 

FVC ‡ 
Median (IQR) L 
Median (IQR) % of predicted 

FEV1/FVC, Median (IQR) ‡ 
pCO2, Median (IQR) kPa 
Comorbidities, n (%) 

Hypertension 
Cardiovascular diseases 
Diabetes 
COPD 
Asthma 
Sleep Apnoea 
Neurological diseases 
Renal diseases 
Rheumatic diseases 
Cancer 
Others 
No comorbidities 

Charlson Comorbidity Index, Median (IQR)

53  

35 (66.0) 
18 (34.0) 

69.0 (63.7–73.9) 
18 (34.0) 
25 (47.2) 
10 (18.9) 

25.9 (21.4–31.2) 
7 (13.2) 

16 (30.2) 
13 (24.5) 
11 (20.8) 
6 (11.3) 
0 (0.0)  

40 (75.5) 
13 (24.5)  

0 (0.0) 
30 (56.6) 
23 (43.4) 

0 (0.0) 
45.0 (35.0–54.0)  

0.81 (0.68–1.06) 
29.0 (21.0–40.0)  

2.44 (2.00–2.74) 
66.0 (55.0–77.0) 
0.41 (0.27–0.50) 

8.4 (7.9–10.4)  

28 (52.8) 
32 (60.4) 
18 (34.0)  

11 (20.8) 
6 (11.3) 
2 (3.8) 
5 (9.4) 
3 (5.7) 

8 (15.1) 
22 (41.5) 

4 (7.5) 
1.0 (0.0–2.0)

97  

56 (57.7) 
41 (42.3) 

66.3 (58.4–75.1) 
42 (43.3) 
35 (36.1) 
20 (20.6) 

43.5 (37.4–48.8) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

14 (14.6) 
24 (25.0) 
58 (60.4)  

72 (74.2) 
25 (25.8)  

40 (41.2) 
35 (36.1) 
21 (21.6) 

1 (1.0) 
25.0 (10.0–40.0)  

1.65 (1.13–1.98) 
53.0 (43.0–62.3)  

2.27 (1.72–2.84) 
62.0 (52.0–73.0) 
0.70 (0.63–0.77) 

8.6 (7.4–10.0)  

71 (73.2) 
60 (61.9) 
56 (57.7) 
20 (20.6) 
25 (25.8) 
72 (74.2) 
10 (10.3) 

9 (9.3) 
6 (6.2) 

16 (16.5) 
53 (54.6) 

0 (0.0) 
2.0 (1.0–3.0)

55  

29 (52.7) 
26 (47.3) 

65.9 (58.9–76.7) 
25 (45.5) 
14 (25.5) 
16 (29.1) 

25.5 (21.5–28.9) 
4 (7.8) 

19 (37.3) 
19 (37.3) 

4 (7.8) 
3 (5.9) 
2 (3.9)  

22 (40.0) 
33 (60.0)  

29 (52.7) 
24 (43.6) 

2 (3.6) 
0 (0.0) 

15.0 (7.0–30.0)  

1.27 (0.94–2.11) 
47.0 (33.5–66.5)  

1.66 (1.20–2.53) 
51.0 (39.0–66.0) 
0.77 (0.67–0.89) 

7.3 (6.2–8.6)  

28 (50.9) 
25 (45.5) 
11 (20.0) 

5 (9.1) 
12 (21.8) 
9 (16.4) 
8 (14.5) 
5 (9.1) 

6 (10.9) 
7 (12.7) 

24 (43.6) 
8 (14.5) 

1.0 (0.0–2.0)

0.364  

0.523 
0.194   

<0.001        

<0.001   

<0.001    

<0.001  

<0.001 
<0.001  

0.012 
0.002 

<0.001 
<0.001  

0.007 
0.124 

<0.001 
0.001 
0.745 

<0.001 
0.164 
1.000 
0.545 
0.824 
0.221 

<0.001 
0.001

* Data missing in five subjects due to being confined to bed (tetraplegia, multiple sclerosis, spinocerebellar ataxia or otherwise poor general condition (2)). 
† Data missing in 20 subjects: lack of co-operation (tetraplegia, muscle dystrophy or subject didn’t understand instructions because of e.g. Alzheimer’s 

disease) in nine subjects and spirometry was not conducted in ten subjects as the disease was not a lung disease and missing values in one subject. 
‡ Data missing in 40 subjects: only microspirometry available (20) and same reasons as for FEV1† (20) 
COPD, chronic obstructive pulmonary disease; OHS, obesity hypoventilation sdr; IQR, interquartile range; ADL, activities of daily living; FEV₁, forced expiratory 

volume in one second; FVC, forced vital capacity; pCO2, partial pressure of carbon dioxide; COPD, chronic obstructive pulmonary disease 
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Figure 1. Kaplan-Meier survival curve for overall survival in the total study sample according to the need for assistance with activities of daily living 
(A), according to the concomitant use of long-term oxygen therapy with NIV (B) and after the initiation of noninvasive ventilation according to the 
primary diagnosis for noninvasive ventilation in subjects with OHS and COPD (C).NIV, noninvasive ventilation; LTOT, long-term oxygen therapy; HR; 
hazard ratio; COPD, chronic obstructive pulmonary disease; OHS, obesity hypoventilation syndrome; IQR, interquartile range; NA, not available.
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the fact that NIV was initiated in approximately 60% of 
subjects in an acute setting.

In the total study sample, those subjects needing 
LTOT in addition to NIV had worse survival than 
those who did not need LTOT, and this was also 
found when subjects with COPD and OHS were ana-
lysed separately. This is to be expected, as being hyper-
capnic is a sign of a pathological process that decreases 
gas exchange. To our knowledge, there have been no 
previous studies assessing whether the use of LTOT is 
associated with survival in patients with COPD who 
also use NIV. In contrast, a previous study by Murphy 
et al. showed that survival was better in subjects with 
concomitant NIV with LTOT than in subjects with 
only LTOT after the acute exacerbation of COPD [7]. 
However, our results are in line with those of one 
previous study by Priou and colleagues, in which 
hypoxemia among patients with OHS and NIV was 
also associated with worse survival than the absence 
of hypoxemia [28].

Our study showed that the majority of the deceased 
subjects had do not resuscitate orders, which is in line 
with the findings in the study by Raskin et al. [29]. 
However, only half of our subjects had end-of-life care 
decisions, although our numbers are higher than those 
previously reported by European respiratory care units 
[30]. Many of the subjects in this study died in the 
hospital, and only one-fifth of them died at home, 
which was also found in a study by Gruneir et al. 
[31]. In contrast, 85% of the 60 patients with advanced 
COPD died at home or in the palliative care unit in 
a recent study by Gainza-Miranda et al., highlighting 
the different practices in the arrangements of palliative 

care in the context of advanced respiratory insuffi-
ciency [32]. In addition, almost half of the subjects 
arrived via the emergency room for their last hospita-
lization prior to death in our study. When discussing 
do not resuscitate orders with a patient, the physician 
should also consider broader advance care planning 
discussions, including arrangements for end-of-life 
care, to avoid unnecessary hospitalization before death.

More than half of the subjects with COPD died in 
our study; thus, the management of these subjects 
should focus on slowing down the progression of 
COPD. In contrast, we found that comorbidities were 
a common cause of death in subjects with OHS, as 
shown in previous studies [25,33]. This highlights the 
importance of a comprehensive therapeutic approach 
to comorbidities in patients with OHS.

Strengths and limitations

The strength of the study is the unselected subject 
sample with NIV, which means that the findings 
provide practical information to physicians caring 
for similar patients. Due to the retrospective nature 
of the study, consistent baseline settings of NIV were 
lacking, and the criterion for the initiation of NIV 
slightly differed due to the heterogeneity of the sub-
ject population and the clinical decisions made by 
the attending pulmonologist. A minority of the sub-
jects with OHS (20/97) also had COPD, but none of 
them had severe obstruction, and hypoventilation 
was thus considered to be primarily due to OHS. 
Due to missing lung function tests, the association 

Table 3. Characteristics related to end-of-life among the deceased subjects according to primary diagnosis.
COPD OHS Others P-value

Total, n 
Died before 31.12.2017, n (% of all) 
DNR decision before death, n (%) † 
End-of-life care decision before death, n (%) 
Place of death, n (%) 

Hospital 
Home 
Nursing home 
Hospice 
Emergency 
Not known 

Cause of death, n (%) 
COPD 
Heart diseases 
Interstitial lung disease 
Cancer 
Neurological diseases 
Chronic respiratory failure 
Pneumonia or other infection 
Other 

Admission through the emergency for the last hospitalization before death, n (%)

53 
31 (58.5) 
30 (96.8) 
12 (38.7)  

17 (54.8) 
7 (22.6) 
3 (9.7) 
2 (6.5) 
2 (6.5) 
0 (0.0)  

23 (74.2) 
4 (12.9) 
0 (0.0) 

4 (12.9) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

13 (41.9)

97 
24 (24.7) 
18 (75.0) 
11 (45.8)  

17 (70.8) 
3 (12.5) 
1 (4.2) 
2 (8.3) 
1 (4.2) 
0 (0.0)  

2 (8.3) 
9 (37.5) 
0 (0.0) 

3 (12.5) 
1 (4.2) 

4 (16.7) 
1 (4.2) 

4 (16.7) 
11 (45.8)

55 
35 (63.6) 
31 (88.6) 
16 (45.7)  

16 (45.7) 
8 (22.9) 
3 (8.6) 

4 (11.4) 
3 (8.6) 
1 (2.9)  

1 (2.9) 
4 (11.4) 
8 (22.9) 
3 (8.6) 

13 (37.1) 
1 (2.9) 
1 (2.9) 

4 (11.4) 
16 (45.7)

<0.001 
0.053 
0.814  

0.907       

<0.001        

0.941

† 39 (49.4%) had also end-of-life care decision 
COPD, chronic obstructive lung disease; OHS, obesity hypoventilation sdr; DNR, do not resuscitate 
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between FEV1/FVC and survival could not be ana-
lysed. The need for assistance with ADL was defined 
by using strict criteria, ensuring an accurate defini-
tion of those who needed help, although the criteria 
might have excluded subjects with minor 
impairment.

Conclusions

Survival in a real-life sample of subjects with NIV 
varied depending on the primary disease, need for 
help with ADL and use of LTOT. In addition, hyper-
tension in subjects with COPD was associated with 
shortened survival. Most of the subjects died in the 
hospital after being admitted through the emergency 
department, although most of them had a do not 
resuscitate order or end-of-life care decision. Among 
patients treated with NIV, a comprehensive treatment 
approach with timely advance care planning is needed, 
and clinicians should pay attention to the underlying 
primary diagnosis, functional impairment and 
comorbidities.
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