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Purpose: A multidimensional approach in the risk assessment of chronic obstructive 
pulmonary disease (COPD) is preferable. The aim of this study is to compare the prognostic 
ability for mortality by different COPD assessment systems; spirometric staging, classifica-
tion by GOLD 2011, GOLD 2017, the age, dyspnea, obstruction (ADO) and the dyspnea, 
obstruction, smoking, exacerbation (DOSE) indices.
Patients and Methods: A total of 490 patients diagnosed with COPD were recruited from 
primary and secondary care in central Sweden in 2005. The cohort was followed until 2017. 
Data for categorization using the different assessment systems were obtained through ques-
tionnaire data from 2005 and medical record reviews between 2000 and 2003. Kaplan-Meier 
survival analyses and Cox proportional hazard models were used to assess mortality risk. 
Receiver operating characteristic curves estimated areas under the curve (AUC) to evaluate 
each assessment systems´ ability to predict mortality.
Results: By the end of follow-up, 49% of the patients were deceased. The mortality rate was 
higher for patients categorized as stage 3–4, GOLD D in both GOLD classifications and 
those with a DOSE score above 4 and ADO score above 8. The ADO index was most 
accurate for predicting mortality, AUC 0.79 (95% CI 0.75–0.83) for all-cause mortality and 
0.80 (95% CI 0.75–0.85) for respiratory mortality. The AUC values for stages 1–4, GOLD 
2011, GOLD 2017 and DOSE index were 0.73, 0.66, 0.63 and 0.69, respectively, for all- 
cause mortality.
Conclusion: All of the risk assessment systems predict mortality. The ADO index was in 
this study the best predictor and could be a helpful tool in COPD risk assessment.
Keywords: chronic obstructive pulmonary disease, GOLD classification, ADO index, 
DOSE index, prediction, mortality

Introduction
Chronic obstructive pulmonary disease (COPD) is one of the most common chronic 
diseases in Sweden with a prevalence of 6–10% in the adult population.1,2 Globally 
COPD is estimated to be the third most prevalent cause of death.3 In COPD 
a multidimensional risk assessment is preferable. Several factors such as airflow limita-
tion, dyspnea, patient health status and exacerbations are all associated with increased 
mortality in patients with COPD.4–8 When the Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) recommendations were launched in 1998, disease severity was 
based solely on lung function in stages 1–4, expressed as forced expiratory volume in 
1 second as a percentage of predicted value (FEV1% pred).9 In 2011 a major revision of 
the severity classification occurred, including not only airflow limitation but also patients’ 
symptoms and exacerbations. Combination of these factors distinguished four groups of 
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patients; ABCD.10 Symptoms, or health status, were assessed 
by either of the modified Medical Research Council dyspnea 
scale (mMRC), COPD Assessment Test (CAT) or Clinical 
COPD Questionnaire (CCQ).11–13

The purposes of the classification from 2011 were to 
predict mortality as well as to individualize treatment.11 

However, GOLD 2011 did not predict mortality more 
accurately than the spirometric grading.14–17 In 2017 
a refined GOLD recommendation separated the spiro-
metric grading 1–4 from the ABCD groups. In these 
current guidelines, the FEV1% pred grades airflow lim-
itation severity and the ABCD groups based on symp-
toms and exacerbations serve as guidance of medical 
treatment. This multidimensional approach to COPD 
assessment is today a clinical standard and helps to 
personalize COPD treatment.18 However, a study based 
on a cohort from the United States found that prediction 
of all-cause mortality was lower for GOLD 2017 ABCD 
groups compared with the GOLD 2011 classification.19 

Furthermore, two recent studies concluded that mortality 
was only better predicted by GOLD 2017 compared to 
GOLD 2011 when divided into 16 subgroups (1A- 
4D).20,21 These studies are mainly of patients treated 
in hospital outpatient clinics.

There are various multidimensional risk assessment instru-
ments for COPD.22 The dyspnea, obstruction, smoking, 
exacerbation (DOSE); age, dyspnea, obstruction (ADO) and 
body mass index, obstruction, dyspnea, exercise (BODE) 
indices are three other major risk assessment systems.23–25 

The DOSE index combines the value from the mMRC with 
obstruction (FEV1% pred), smoking status and exacerbation 
rate in the previous year. The DOSE index score is a better 
predictor of mortality than each component by itself.26 The 
ADO index, derived from the BODE index and later updated in 
2012 is also shown to predict mortality.27–29 ADO includes 
age, dyspnea and obstruction are assessed in the same way as in 
the DOSE index.

To our knowledge, there is still no comparison of the 
predictive properties of the different GOLD classifica-
tions, the ADO and DOSE indices, and no study com-
paring these in a cohort comprising mainly primary care 
patients.

The aim of this study is to compare the prognostic ability of 
the different COPD classifications and risk assessments; spiro-
metric grading, classification by GOLD 2011, GOLD 2017, 
the ADO index and the DOSE index, in a cohort of mainly 
primary care patients in central Sweden.

Patients and Methods
Study Subjects and Design
This is an observational study where the population was 
sampled from the PRAXIS study COPD cohort created in 
2005. Patients were enrolled from the seven central hospitals, 
seven randomly selected district hospitals and 56 randomly 
selected primary health care centers (PHCC) in seven county 
councils in central Sweden. A list of all patients aged 18–75 
years diagnosed with COPD (ICD-10 code J44) in the medical 
records during the period of 2000–2003 was obtained at each 
unit. From these lists, patients were randomly selected at each 
site using an internet-based program. In total, 1548 patients 
were selected.

Methods
Data were collected in 2005 by a self-completed questionnaire 
and medical record review. The questionnaire response rate 
was 76%. Of the responders, 98% gave permission to review 
their medical records. The questionnaire included information 
on age, sex, smoking status, exacerbations and the Swedish 
versions of the mMRC scale and CCQ. Exacerbations were 
identified in the questionnaire as emergency visits or a course 
of oral corticosteroids due to worsening of COPD during the 
previous six months. Data on lung function and comorbidity 
were retrieved by review of medical records for the time period 
2000–2003. This was accomplished by two research nurses. 
All data needed for classification according to different assess-
ment systems were collected at baseline. This was complete for 
490 patients (Figure 1).

1548 randomly selected patients with COPD

70% primary care, 30% hospital

1089 patients with completed 
questionnaires and medical record reviews

71% primary care, 29% hospital

Xx% PHCC, xx% hospital

Xx% PHCC, xx% hospital
490 patients with complete data

59% primary care, 41% hospital

599 excluded due to lack of complete
data

Figure 1 Flowchart patient selection. 
Abbreviation: COPD, chronic obstructive pulmonary disease.
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Heart disease was defined as a recorded diagnosis of 
ischemic heart disease or heart failure, diabetes as type 1 
or 2 diabetes mellitus, and depression as a diagnosis in 
combination with antidepressant drug treatment. The 
cohort was followed for 12 years, from 2005 to 2017. 
Mortality data, until August 31 2017, were obtained from 
the Swedish National Board of Health and Welfare. Cause- 
specific mortality was categorized as respiratory mortality 
(including respiratory infections), cardiovascular mortality 
and other causes of death (including all types of cancer).

Assessment Systems
The various components of the different COPD assess-
ment systems are summarized in Table 1.

Stage 1–4 – Lung function from spirometry was expressed 
as FEV1% predicted using the European Community for Steel 
and Coal reference values.30 Stage 1: ≥80% pred, stage 2: 
50–79% pred, stage 3: 30–49% pred and stage 4: <30% pred.

mMRC – Self-reported dyspnea. This dyspnea scale is 
a questionnaire with five statements (0 to 4) about per-
ceived breathlessness, the higher the more severe.12

CCQ – Self-reported health status. The questionnaire con-
sists of 10 items concerning three domains; symptoms, mental 
state and functional state, based on experiences the previous 
week. Each item is scored from 0 to 6. All scores are added and 
the sum divided by ten. The total mean CCQ-score varies from 
0 (very good control) to 6 (extremely poor control).6,11

GOLD 2011 – Classification into groups ABCD by com-
bining FEV1% pred, number of exacerbations previous year 
and self-reported symptoms by mMRC and/or CCQ.

GOLD 2017 – Classification into groups ABCD by 
combining exacerbations previous year and self-reported 
symptoms by mMRC and/or CCQ, both available at the 
time of baseline data collection.

DOSE index – A score is calculated (0–8 points). A higher 
score indicates a higher burden of disease. Patients were cate-
gorized into three groups by score <4, 4–5 and 6–8 points, 
respectively, according to the original paper.23

ADO index – Data for calculation of the updated ADO 
index were used.29 A score is calculated (0–14 points) 
where a higher score indicates a more severe condition. 
Patients were categorized into four groups by score 0–5, 
6–7, 8–9 and ≥10 points. To enable comparison of results, 
the choice of groups was chosen based on a recent study.31

For calculation of groups according to GOLD, an 
mMRC score ≥2 or CCQ ≥1 was defined as a high symp-
tom score.32 Exacerbation data for the previous six months 
were used to estimate the annual exacerbation rate. For the 
GOLD classification, zero exacerbations in six months 
corresponded to zero to one exacerbation in a year. One 
or more exacerbations in six months were considered as 
a frequent exacerbator with two exacerbations in a year. 
For the DOSE index, zero exacerbations were classified as 
a score of zero, one or two exacerbations as a score of one 
and three or more exacerbations as a score of two.

Analysis
All statistical analyses were performed using IBM SPSS 
Statistics 25. Cross-tabulations were used to examine baseline 
data and mortality frequencies. For survival analyses, Kaplan 
Meier curves were constructed. Cox proportional hazard mod-
els were used to calculate crude and adjusted hazard ratios 
(HR) and 95% CI for the association of each risk assessment 
system with all-cause and cause-specific mortality (respiratory 
and cardiovascular). Stratification and multiplicative interac-
tion by sex and each relevant variable were performed. 
Comparison of the different assessment systems in predictive 

Table 1 Included Components of Different COPD Assessment Systems

FEV1% 
Predicted

Symptoms Exacerbation Frequency 
Recent Year

Smoking 
Status

Age

Dyspnea mMRC-Scale Health Status 
CCQ

GOLD stage1–4 +

GOLD 2011 + + + +

GOLD 2017 + + +

DOSE index + + + +

ADO index + + +

Abbreviations: FEV1%, forced expiratory volume in 1 second as percentage of predicted value; mMRC, modified Medical Research Council dyspnea scale; CCQ, Clinical 
COPD Questionnaire; GOLD, Global Initiative for Chronic Obstructive Lung Disease; DOSE, dyspnea, obstruction, smoking, exacerbation; ADO, age, dyspnea, obstruction.
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ability was calculated using receiver operating characteristic 
curves (ROC). The overall ability to predict mortality is 
expressed as area under the curve (AUC). P-values <0.05 
were considered statistically significant.

Ethics
The study was performed in accordance with the principles 
stated in the Declaration of Helsinki. All participants gave 
written informed consent. The study was approved by the 
regional ethical board in Uppsala (EPN), Sweden, Dnr 
2004 M-445 and Dnr 2010/090.

Results
Patient Characteristics
In summary, 58% were women and 59% of the patients 
were recruited from primary care. In the entire cohort 
median age was 64 years (IQR 59–69), median post- 
bronchodilator FEV1/FVC was 0.58 (IQR 48–70) and 
median FEV1% pred was 63 (IQR 44–81). The majority 
of the patients had an mMRC-score in the range 2–4, 
indicating daily dyspnea to some extent and 63% had 
less than 2 exacerbations/year (Table 2). The median 
ADO score was 7.0 (IQR 5.0–9.0) and the median DOSE 
score was 2.0 (IQR 1.0–4.0).

Predictive Abilities
The COPD population was followed during 12 years. Of 
490 patients included in 2005, 49% were deceased in 
2017. Mortality rate was higher for patients categorized 
as having a more severe disease, regardless of risk assess-
ment system (Figure 2).

The cumulative survival is visualized by Kaplan–Meier 
curves (Figure 3). Higher ADO or DOSE score and the 
more severely classified as stages 1–4 or GOLD A-D are 
associated with poorer survival.

Group C had a limited number of subjects, 13 and 7, 
respectively, for GOLD 2011 and GOLD 2017. These 
subjects have therefore been excluded from curves and in 
presented calculations of hazard ratio. Regardless of risk 
assessment system, the mortality risk presented as hazard 
ratio indicates an increasing all-cause and respiratory mor-
tality with more severe disease. After adjustment for age 
and heart disease, no significant differences were seen 
(data not shown). The same tendency was shown for 
cardiovascular death (n=61), but with lower amplitudes 
(Table 3).

Stratification and interaction analysis by sex showed no 
effect modification by sex for any of the COPD risk 
assessments (data not shown). Comparison of the predic-
tive ability of mortality for all the risk assessment systems 
is shown in Figure 4. Area under the curve was highest for 
the ADO index for all-cause mortality. The classification 
in stages 1–4 and the ADO index were significantly better 
predictors of mortality than GOLD 2017. ADO also had 
the highest AUC for respiratory mortality (Figure 5). For 
cardiovascular mortality, AUC was below 0.5 for all risk 
assessment systems (data not shown).

Discussion
This study examines the ability of different COPD risk 
assessment systems in predicting all-cause mortality in 
a real-world setting during a 12-year follow-up. The pri-
mary finding was that overall, all risk assessment systems, 
predicted all-cause mortality and respiratory mortality. The 
secondary finding is that the ADO index had the most 
accurate predictive ability.

Our study confirms previous study results that GOLD 
2017 does not predict mortality better than earlier classifi-
cations of COPD19–21 and that the ADO index predicts 
mortality more accurately than the DOSE index.27,28 

However, we have expanded the follow-up period to 12 
years, and we are not aware of any studies comparing all 
GOLD classifications, the DOSE index and the ADO 
index. We also find it very important that we could repli-
cate previous findings in a cohort of mainly primary care 
patients.

Two previous studies found the best predictive abil-
ity for GOLD 2017 when airflow limitation was added 
to symptoms and exacerbations, ie, creating 16 sub-
groups (1A-4D).21,22 Thus, airflow limitation as 
a prognostic factor seems important. This confirms the 
recommendation from GOLD to use FEV1% pred for 
prognosis and symptoms/exacerbations as a base of 
initial treatment.

Most COPD patients are managed in primary care, and 
the multidimensional instruments were created to facilitate 
for general practitioners who need a non-time consuming 
yet reliable strategy in COPD assessment. Identifying 
patients at high risk will make it easier to allocate time 
and resources to the patients with a higher burden of 
disease. The forerunner in multi-component assessment, 
the BODE index has convincingly shown superiority in 
predicting mortality.33 However, the inclusion of the result 
of a 6 MWT (six-minute walking test) can make it less 
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convenient in clinical practice due to the need for an extra 
health care visit to have this completed. This instrument 
was not investigated in our study.

The ADO (derived from the BODE index) and 
DOSE indices are simple to use and have shown pre-
dictive abilities for mortality.26,27 This is concordant 

Table 2 Patient Characteristics at Baseline and Characteristics of Alive/Deceased 2017

All Patients  
n (%)

Dead 2017  
n (%)

Alive 2017  
n (%)

All patients 490 241 (49) 249 (51)

Sex
Male 208 (42) 112 (46) 96 (39)

Female 282 (58) 129 (54) 153 (61)

Care level

Primary care 289 (59) 116 (48) 173 (70)
Hospital care 201 (41) 125 (52) 76 (30)

Age
<50 39 (8) 2 (1) 37 (15)

50–59 115 (23) 34 (14) 81 (33)

60–69 245 (50) 140 (58) 105 (42)
≥70 91 (19) 65 (27) 26 (10)

Smoking habits
Non-smoker 354 (72) 179 (74) 175 (70)

Current smoker 136 (28) 62 (26) 74 (30)

Lung function (Stage 1–4)

FEV1% pred ≥80/Stage 1 128 (26) 27 (11) 101 (41)

FEV1% pred 50–79/Stage 2 205 (42) 95 (39) 110 (44)
FEV1% pred 30–49/Stage 3 118 (24) 87 (36) 31 (12)

FEV1% pred <30/Stage 4 39 (8) 32 (13) 7 (3)

mMRC-score

0–1 208 (42) 62 (26) 146 (59)

2–4 282 (58) 179 (74) 103 (41)

CCQ-score

<1 97 (20) 25 (10) 72 (29)
≥1 393 (80) 216 (90) 177 (71)

Exacerbations previous year
0–1 305 (63) 130 (54) 175 (70)

2–3 124 (25) 68 (28) 56 (23)

>3 61 (12) 43 (18) 18 (7)

BMI

<20 57 (12) 42 (18) 15 (6)
20–24.9 164 (34) 78 (33) 86 (35)

25–29.9 176 (36) 69 (29) 107 (43)

≥30 87 (18) 48 (20) 39 (16)

Heart disease 109 (22) 76 (32) 33 (13)

Depression 64 (13) 29 (12) 35 (14)

Diabetes 37 (8) 26 (11) 11 (4)

Abbreviations: FEV1%, forced expiratory volume in 1 second as percentage of predicted value; mMRC, modified Medical Research Council dyspnoea scale; CCQ, Clinical 
COPD Questionnaire; BMI, body mass index.
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with our findings of increasing hazard ratio along with 
increasing index scores. In the original publication with 
creation of the ADO index, as for the updated version, 
3-year mortality was calculated.24,29 A later published 
Swiss study reported ADO index to be an excellent 
predictor of 2-year all-cause mortality in a primary 

care setting.34 In another primary care cohort, the 
ADO index showed good discrimination in predicting 
3-year mortality with AUC 0.73.31 With our results, 
presenting a twelve-year follow-up, this could imply 
that prediction by the ADO index is reliable even for 
a longer period of time.

≥

Figure 2 Mortality rate in each group for each assessment system. Stage refers to lung function, stage 1-FEV1% pred ≥80, stage 2-FEV1% pred 50–79, stage 3-FEV1% pred 
30–49, stage 4-FEV1% pred <30. 
Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; DOSE, dyspnoea, obstruction, smoking, exacerbation; ADO, age, dyspnoea, obstruction.

Figure 3 Cumulative 12-year survival for different COPD assessment systems. Lung function, stage 1-FEV1% pred ≥80, stage 2-FEV1% pred 50–79, stage 3-FEV1% pred 
30–49, stage 4-FEV1% pred <30. 
Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; DOSE, dyspnoea, obstruction, smoking, exacerbation; ADO, age, dyspnoea, obstruction.
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Comparison of multidimensional indices in previous 
publications, including five-year data from our own 
cohort, found the original ADO index to be a better 
predictor of mortality than the DOSE index in primary 
care patients with COPD.27,28 This suggestion is sub-
stantiated in our study where ROC curves displayed the 
highest area under the curve for the ADO index, 0.79 
for all-cause mortality and 0.80 for respiratory cause of 
mortality. An AUC of >0.9 is considered excellent, 
0.8–0.89 good, 0.7–0.79 fair/modest and 0.5–0.69 poor/ 
marginal.35,36 With this definition, all assessment sys-
tems but GOLD 2017 are at least modest in predicting 
respiratory cause of death (AUC >0.7) and slightly less 
accurate for prediction of all-cause mortality. 
Nevertheless, in both cases, a significant difference 
was seen for, on one hand, the ADO index and assess-
ment by stages 1–4, and, on the other hand, GOLD 
2017, indicated by non-overlapping confidence intervals, 
emphasizing the importance of lung function as 

a prognostic factor. Obstruction, also being age-related 
is recommended by the most recent GOLD document to 
be used for prognosis.18 When the ADO index was 
derived, Puhan et al found age, FEV1 and dyspnea 
among the strongest predictors of death in patients 
with COPD.24 In our adjusted results, no statistically 
significant differences in hazard ratios were seen for 
any of the assessment systems. One might have 
expected a disparity since older age is an undeniable 
contributor to mortality. Age may be a large contributor 
to the total ADO score (7 points if age >80). An argu-
ment could be that this would weaken the discrimination 
since older age on its own could give a high-risk score. 
In our cohort being relatively young, (median age 64 
years) and with a moderate decline in lung function 
(median FEV1% pred 63) the index turned out better 
in comparison. This could indicate the strength in 
a multidimensional approach even when several factors 
are age-related.

Table 3 Hazard Ratio for All-Cause, Respiratory and Cardiovascular Mortality. GOLD Group C Excluded

All-Cause Mortality n=241 Respiratory Mortality n=107 Cardiovascular Mortality n=61

HR (95% CI) p HR (95% CI) p HR (95% CI) p

GOLD Stage

1 Ref Ref Ref
2 2.53 (1.61–3.89) <0.0001 3.45 (1.43–8.32) 0.006 2.14 (1.00–4.56) 0.048

3 5.53 (3.59–8.53) <0.0001 13.00 (5.54–30.49) <0.0001 4.06 (1.87–8.87) <0.001

4 7.82 (4.67–13.10) <0.0001 28.19 (11.56–68.76) <0.0001 2.10 (0.57–7.79) 0.27

GOLD 2011

A Ref Ref Ref
B 1.92 (1.13–3.28) <0.02 3.05 (0.90–10.35) 0.074 2.17 (0.73–6.43) 0.17

D 4.12 (2.49–6.80) <0.0001 12.73 (4.02–40.26) <0.0001 4.21 (1.50–11.80) 0.006

GOLD 2017

A Ref Ref Ref

B 2.32 (1.44–3.73) <0.01 5.85 (1.81–18.86) 0.003 2.24 (0.94–5.35) 0.07
D 3.58 (2.22–5.77) <0.0001 13.32 (4.18–42.48) <0.0001 2.46 (1.00–6.05) 0.05

DOSE index
<4 Ref Ref Ref

4–5 3.13 (2.38–4.12) <0.0001 6.94 4.19–11.51) <0.0001 2.49 (1.50–4.16) <0.001

6–8 5.74 (3.73–8.82) <0.0001 22.63 (12.48–41.05) <0.0001 0.61 (0.082–4.49) 0.63

ADO index
0–5 Ref Ref Ref

6–7 3.41 (2.15–5.43) <0.0001 4.86 (1.80–13.08) <0.002 3.17 (1.39–7.26) 0.006

8–9 5.99 (3.80–9.46) <0.0001 12.82 (4.98–33.02) <0.0001 4.84 (2.11–11.08) <0.0001
≥10 14.10 (8.93–22.21) <0.0001 45.81 (18.18–115.43) <0.0001 7.57 (3.16–18.12) <0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; GOLD, Global Initiative for Chronic Obstructive Lung Disease; DOSE, dyspnea, obstruction, smoking, 
exacerbation; ADO, age, dyspnea, obstruction.
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Assessment
system

AUC (95% CI)

ADO index 0.79 (0.75-0.83)

Stage 1-4 0.73 (0.69-0.78)

DOSE index 0.69 (0.64-0.74)

GOLD 2011 0.66 (0.61-0.72)

GOLD 2017 0.63 (0.57-0.68)

Figure 4 Receiver-operator characteristics for different COPD assessment systems as predictors of all-cause mortality. Area under the curve (AUC) for each assessment 
system presented. Stage 1–4 refers to lung function. 
Abbreviations: CI, confidence interval; GOLD, Global Initiative for Chronic Obstructive Lung Disease; DOSE, dyspnoea, obstruction, smoking, exacerbation; ADO, age, 
dyspnoea, obstruction.

Assessment
system

AUC (95% CI)

ADO index 0.80 (0.75-0.85)

Stage 1-4 0.78 (0.72-0.83)

DOSE index 0.77 (0.71-0.82)

GOLD 2011 0.70 (0.65-0.75)

GOLD 2017 0.66 (0.61-0.72)

Figure 5 Receiver-operator characteristics for different COPD assessment systems as predictors of respiratory mortality. Area under the curve (AUC) for each assessment 
system presented. Stage 1–4 refers to lung function. 
Abbreviations: CI, confidence interval; GOLD, Global Initiative for Chronic Obstructive Lung Disease; DOSE, dyspnoea, obstruction, smoking, exacerbation; ADO, age, 
dyspnoea, obstruction.
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There was a clear tendency that most risk assessment 
systems also predicted cardiovascular mortality, although 
with lower amplitudes and fewer statistically significant 
associations than for all-cause and respiratory mortality. 
This is consistent with the fact that comorbid heart disease 
is common in COPD, and also a common cause of death.37 

Using ROC-curves, AUC was below 0.5 for all risk 
assessment systems indicating that the association may 
not be of clinical significance.

Strengths and Limitations
Main strengths are the long follow-up time, and the real- 
world data reflecting what is actually accomplished at the 
different units. Limitations include that several compo-
nents necessary for categorization into the different assess-
ment systems could be missing. In this study, a substantial 
number of patients were not able to be included mainly 
because of missing spirometry data, which could be 
a potential cause of selection bias. Self-reported data 
such as a number of exacerbations could be subject to 
recall bias. An attrition analysis showed that patients 
excluded due to missing data were the same age and sex 
as included patients (excluded mean age 65 years). When 
analyzing age groups, exclusion in age group >70 was 
significantly higher (data not shown). One must consider 
the risk of the excluded older group having a generally 
higher burden of disease. We believe that our reported 
strong association of ADO index with mortality was not 
due to selection bias, as it would rather have been even 
stronger if the excluded predominantly older patients had 
been involved.

Annual exacerbation rates were estimated from patient- 
reported data. The questionnaire requests exacerbations and 
emergency visits during the past six months, to minimize 
recall bias. Data on exacerbations the past twelve months 
were extrapolated from this information. This is explained 
by the fact that when the PRAXIS study was initiated neither 
the GOLD 2011/2017 assessment nor the DOSE index had 
been created. Patient questionnaires were distributed evenly 
throughout the year to minimize the risk of collecting data 
predominantly during the winter months when the risk of 
exacerbations is more likely to be higher. We believe that 
this extrapolation does not affect the results.

Convenient measures of patient-reported symptoms 
recommended by GOLD are CCQ and CAT. Today CAT 
is most commonly used in clinical practice. At the time 
data were collected in 2005, CAT did not exist. However, 

CCQ and CAT are well correlated to each other38,39 which 
enables the use of CCQ.

According to GOLD, a high level of symptoms could 
also be assessed using mMRC. We chose to combine the 
two scales CCQ and mMRC, as a high symptom level 
may be detected by only one of the instruments. In our 
material, 403 patients (82%) had a high symptom level 
using both CCQ and mMRC, and 393 (80%) had a high 
symptom level using only CCQ. Thus, our opinion is 
that using only CCQ would not have changed the 
results.

We chose to exclude group C from statistical calcu-
lations due to the small number of patients because 
accuracy would have been affected.40 In addition, 
repeating the analyses with inclusion of the group 
C patients together with group D did not change the 
results (data not shown).

Conclusion
In this 12-year follow-up, out of all risk assessment sys-
tems to predict mortality, the ADO index was the most 
accurate, followed by an assessment by lung function. We 
conclude that the GOLD recommendation to use lung 
function for prognosis is appropriate and that the ADO 
index can be a useful tool for COPD risk assessment in 
clinical practice.
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