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Background: Both single factors and composite measures have been suggested to predict

mortality in patients with chronic obstructive pulmonary disease (COPD) and there is a need

to analyze the relative importance of each variable.

Objective: To explore the predictors of mortality for patients with COPD in relation to

respiratory, cardiac, and malignant causes, as well as all causes of death.

Methods: After merging the Swedish Respiratory Tract Register (SRTR) and the Swedish

Cause of Death Register, patients with respiratory, cardiac, and other causes of death were

identified. Demographic and clinical variables from the deceased patients’ first registration

with the SRTR were compared. Three univariable and multivariable Cox proportional

hazards regression analyses were conducted for different causes of death, with time from

first registration to either death or a fixed end date as dependent variable, and variables

regarding demographics, respiration, and comorbidities as independent variables.

Results: In the multivariable Cox models, mortality for patients with all causes of death was

predicted by older age 1.79 (CI 1.41, 2.27), lower percentage of predicted forced expiratory

volume in 1 second (FEV1 %) 0.99 (CI 0.98, 0.99), lower saturation 0.92 (CI 0.86, 0.97),

worse dyspnea 1.48 (CI 1.26, 1.74) (p<0.002 to p<0.001), less exercise 0.91 (CI 0.85, 0.98),

and heart disease 1.53 (CI 1.06, 2.19) (both p<0.05). Mortality for patients with respiratory

causes was predicted by higher age 1.67 (CI 1.05, 2.65) (p<0.05), lower FEV1% 0.98

(CI 0.97, 0.99), worse dyspnea 2.05 (CI 1.45, 2.90), and a higher number of exacerbations

1.27 (CI 1.11, 1.45) (p<0.001 in all comparisons). For patients with cardiac causes of death,

mortality was predicted by lower FEV1% 0.99 (CI 0.98, 0.99) (p=0.001) and lower saturation

0.82 (CI 0.76, 0.89) (p<0.001), older age 1.46 (CI 1.02, 2.09) (p<0.05), and presence of heart

disease at first registration 2.06 (CI 1.13, 3.73) (p<0.05).

Conclusion: Obstruction predicted mortality in all models and dyspnea in two models and

needs to be addressed. Comorbidity with heart disease could further worsen the COPD

patient’s prognosis and should be treated by a multidisciplinary team of professional

specialists.
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Introduction
Whereas early stages of chronic obstructive pulmonary disease (COPD) can remain

undiagnosed due to a variable or uncharacteristic symptom picture, advanced

disease is a leading cause of death worldwide. The death rates from COPD from

1990 to 2015 increased by 11.6%. When age-standardized, there was, however,
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a decrease in death rates from COPD in the high to middle

income countries (−20–22%), while lower in low income

countries (−1.6%).1

Several single factors related to mortality in COPD

patients have been suggested, such as dyspnea,2–4 comor-

bidity (eg, with cardiovascular disease, lung cancer, osteo-

porosis, and depression2), number of comorbidities,5 body

mass index (BMI),3,6 percentage of predicted forced expira-

tory volume in 1 second (FEV1 %),2,3,6 exercise

capacity,2,3,6 COPD exacerbations,2,3 biomarkers,2,3 inspira-

tory fraction2,3 or inspiratory capacity,2 and anemia.6

Dyspnea has been shown to be a better predictor of 5-year

survival than FEV1 %.2

To improve the accuracy of predictive factors, efforts

have been made to construct predictive indices. The

BODE is such a composite measure of severity of

COPD, comprising body mass index (BMI), Obstruction,

Dyspnea, and Exercise capacity. The instrument has been

found to predict both hospitalization2,7 and mortality.2,8 In

a validation study, the BODE predicted mortality better

than obstruction as a single measure.9 Also, in an evalua-

tion comparing the Global initiative for chronic

Obstructive Lung Disease (GOLD) staging, the BODE,

and a comorbidity index, the BODE was found to be

superior in predicting mortality.10

In one study using the BODE, exercise capacity was

replaced with peak oxygen uptake (VO2 max). It was

found that the original BODE was superior.11 There are,

however, conflicting data: In another study,12 VO2 was

found to be a better predictor of mortality than the

BODE and other composite measures such as the DOSE

(which comprises Dyspnea, Obstruction, Smoking, and

Exacerbations13) or ADO (which includes Age, Dyspnea,

and Obstruction).14

In a large cohort of more than 3000 patients, with more

than 1,200 deaths, the ADO index was the best predictor

of mortality, followed by the BODE.15 Both short-term

(6–12 months) and long-term (10 years) survivors were

analyzed. Abu Hussein et al (2014)16 found that the ADO

was an independent predictor of 2-year mortality in three

samples of COPD patients from general practice. The

ADO index was also found to be a predictor of 3-year

mortality in 10 cohorts including more than 13,000

patients.17

Puhan et al (2009)14 used both the ADO and

a modified form of the BODE and discuss whether the

included measurements should be weighted in order to

better predict mortality, as there is a covariance between

the significant variables. All measures of predictors are

highly correlated and therefore composites that use addi-

tion (instead of weights, eg, ones based on multivariate

estimates) have shortcomings. As an example, Marin et al

(2013)15 suggested age in the ADO index to be an obvious

predictor of death. However, BMI and exercise capacity

are also predictors of death, independent of age.15 In

addition, obstruction and cigarette smoking, scored in the

DOSE, are related to each other.6 Such findings indicate

that there is a need to use multivariate analysis such as

Cox regression, in order to exclude interrelated variables

and to gain knowledge of the relative importance of each

variable.

The aim of this study was to explore the most impor-

tant predictors of mortality for patients with COPD with

general, respiratory, and cardiac causes of death in uni-

variable and multivariable Cox models.

Patients and Methods
This is a register study of two national registers in Sweden

that were merged. The Swedish Respiratory Tract Register

(SRTR) was introduced in 2009 and includes an increasing

number of clinics for patients with respiratory tract dis-

eases. The coverage of the SRTR of patients with severe

and very severe COPD has been estimated to more than

80%. The staff at the different clinics register the data about

demographic, disease-, and treatment-related variables for

patients with COPD and asthma. Data are either directly

registered or are automatically retrieved from medical

records. When the register started, registrations were

mainly made by pulmonary departments. Registrations

from primary care were delayed which explains the long

time interval between diagnosis and first registration. The

patients with COPD were extracted. At the time of data

collection, the SRTR comprised data for 39,830 unique

COPD patients, 17,410 men and 22,420 women, 4382 of

whom had died. The deceased patients were matched by

social security number with individuals registered in the

Swedish Cause of Death Register and the two registers

were merged. The first registration in the SRTR for all

patients in the merged register was identified, ie, the regis-

tration at the patient’s first visit to the clinic. This was done

in order to identify early predictors of death.

Demographic variables from the SRTR comprise age

and gender. Patient-related variables concern airway

obstruction, measured by FEV1% after bronchodilation if

available, otherwise without bronchodilation, as well as

oxygen saturation, number of exacerbations, and number
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of hospital admissions due to COPD in the last 12 months,

BMI, which was categorized as <22, 22–26, 27–30, and

>30 kg/m2, and comorbidity. Patient-reported variables

comprised smoking, exercise activity, measured by

reported number of days with physical activity per week,

and functional dyspnea, measured using the modified

Medical Research Council (mMRC) Dyspnea Scale.18

Health-related quality of life (HRQoL) was measured

using the COPD Assessment Test (CAT).19,20

From the Swedish Cause of Death Register, the follow-

ing variables were retrieved: date of death and causes of

death, according to the International Classification of

Diseases, 10th revision (ICD-10).21 In the present study,

the primary cause of death for each patient was used. The

causes of death that were extracted were respiratory (ICT-

10 code J00–J99) and cardiac (I00–I99) causes, and malig-

nant neoplasms of respiratory and intrathoracic organs

(C30–C39). Causes other than these diagnoses were

merged and labeled “other causes.”

Descriptive statistics, with means and standard devia-

tions (SDs), calculated for continuous variables were used

to describe the sample (Table 1). Categorical variables

were presented as numbers and percentages for the total

sample and the distribution across the groups, ie, for those

with pulmonary causes, cardiac causes, malignant lung

neoplasms, and other causes of death. Independent sample

t-test was used for continuous variables and Fisher’s exact

test for categorical variables.

Cox proportional hazards regression analysis was used to

analyze the relationships between survival time from first

registration to date of death, or from first registration to

December 31st, 2017, for patients who survived this date.

Predictors were analyzed for patients with any cause of

death (Table 2), for patients who died from pulmonary causes

(Table 3), and for patients who died from cardiac causes

(Table 4). Firstly, univariable Cox proportional hazard analysis

was performed, using the independent variables age, divided

into 10-year intervals, gender, FEV1 %, number of COPD

exacerbations in the last year, number of hospitalizations due

to COPD in the last year, BMI, exercise capacity reported as

number of days with physical activity per week, smoking

status, HRQoLmeasured by the CATscore, dyspneameasured

by mMRC scores, and comorbidity. Secondly, independent

variables, with more than 10,000 available registrations for

the patients, were selected based on values of p<0.10 in the

univariable analyses, and entered into the Cox multivariable

stepwise regression analysis. The rationale for only including

variables with more than 10,000 registered patients was to

improve the power of the analysis (10,000 means at least 25%

of all registrations). Age and gender were entered into all

analyses, as higher age is known to be a significant predictor

of death and women are known to have a higher mean length

of life. From the multivariable analyses, only significant pre-

dictors with p<0.05 were presented.

The study was approved by the Regional Ethics

Committee in Gothenburg in July 2015 (Dnr: 317–15).

The patient data in the registers were deidentified.

Results
Demographic and clinical variables from the first registra-

tion of patients in the SRTR dying from different causes

are presented in Table 1. Patients with cardiac causes of

death had a significantly shorter time between diagnosis

and death, and between diagnosis and first registration,

compared to patients with respiratory causes (Table 1).

The mean time between first registration and death for

the diseased patients was 1.6 (SD 1.1) years.

Comparison 1: Respiratory and Cardiac

Causes of Death
In the univariable analyses, significantly more women died

from respiratory than from cardiac causes (Table 1, two first

columns). In general, patients dying from respiratory causes

had lower values for a range of respiratory variables, but more

rarely had heart diseases, hypertension, and diabetes (Table 1).

Comparison 2: Respiratory Causes and

Malignant Respiratory Causes (Lung

Cancer)
Compared to patients dying from malignant respiratory

causes, the patients dying from respiratory causes were

older, had lower FEV1 %, lower saturation, more exacer-

bations, and more hospital admissions. They were to

a lesser extent still smokers, and they exercised less, and

had poorer HRQoL and worse dyspnea. No significant

differences were seen in comorbidities.

Comparison 3: Respiratory Causes and

Other Causes (Except for Cardiac and

Malignant Causes)
Patients with respiratory causes of death displayed both

lower saturation and lower FEV1 %, compared to those

dying from other causes. They had more COPD exacer-

bations and hospitalizations during the last year, as
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well as lower BMI. Moreover, they were less physi-

cally active, and had lower HRQoL and more severe

dyspnea.

Patients with other causes of death were to a larger

extent still smokers. They also displayed a higher frequency

of heart diseases, hypertension, depression, and diabetes.

Table 1 Descriptive Statistics on Chronic Obstructive Pulmonary Disease (COPD) Patients (n=4382) from Their First Registration

with the Swedish Respiratory Tract Register (SRTR) to Their Death, by Primary Cause of Death. Differences Between Patients with

Respiratory Diseases as Primary Cause of Death, and Patients with Either Cardiac Diseases or Malignant Pulmonary Disease, or Other

Cause of Death Were Analyzed Using Independent Samples t-Test for Continuous Variables and Fisher’s Exact Test for Categorical

Variables

First Registration of Patients who Later Died of Different Primary Causes

Demographic Variables Pulmonary

Diseases

(n=686; 15.7%)

Cardiac

Diseases

(n=877;

20.0%)

p-value Malignant

Pulmonary

Diseases (n=156;

3.6%)

p-value Other

Causes

(n=2,663;

60.8%)

p-value

Age, mean, yrs (SD) 75.9 (8.8) 76.49 (8.84) 0.20 73.3 (7.66) 0.006 76.3 (9.08) 0.33

Gender, n (%) <0.001 0.85 0.14

Men 290 (44.9%) 397 (54.8%) 66 (45.8%) 1000 (48.3%)

Women 356 (55.1%) 328 (45.2%) 78 (54.2%) 1072 (51.7%)

Clinical variables Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Years between COPD diagnosis and first

registration

6.83 (5.67) 5.35 (5.32) 0.007 6.52 (6.25) 0.77 6.11 (7.43) 0.19

Years between first registration and death 1.49 (1.00) 1.45 (1.04) 0.45 1.44 (0.90) 0.53 1.72 (1.14) <0.001

Years between COPD diagnosis and death 8.25 (5.68) 6.62 (5.34) 0.003 7.61 (6.63) 0.56 8.06 (7.50) 0.73

FEV1% 36.24 (17.22) 44.89 (16.31) <0.001 47.90 (15.84) <0.001 47.06 (17.60) <0.001

Saturation 94.00 (4.13) 94.5 (3.43) <0.001 95.04 (3.23) <0.001 94.56 (3.57) <0.001

Exacerbations during the last 12 months 1.61 (1.81) 0.83 (1.30) <0.001 1.00 (1.39) 0.003 0.92 (1.50) <0.001

Hospital admissions for COPD in the last

12 months

0.96 (1.35) 0.60 (0.99) 0.001 0.56 (0.87) 0.069 0.57 (1.13) <0.001

BMI 23.67 (5.23) 25.55 (6.09) <0.001 24.52 (4.96) 0.19 24.92 (5.54) <0.001

Patient-reported variables n (%) n (%) n (%) n (%)

Smoking 0.024 0.003 0.043

Non-smoking 51 (11.4%) 63 (13.0%) 8 (8.4%) 200 (15.5%)

Have quit smoking >6 months ago 275 (61.2%) 234 (48.3%) 44 (46.3%) 587 (45.4%)

Still smoking 123 (27.4%) 187 (38.6%) 43 (45.3%) 505 (39.1%)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Exercise activity, days per week 1.78 (2.54) 1.96 (2.64) 0.36 2.50 (2.66) 0.039 2.14 (2.70) 0.034

Quality of life according to the CAT score 19.89 (7.60) 17.47 (8.38) 0.001 16.63 (7.74) 0.006 17.32 (7.69) <0.001

Functional dyspnea (mMRC) 3.14 (1.09) 2.61 (1.22) <0.001 2.39 (1.28) <0.001 2.58 (1.27) <0.001

Number of comorbidities 1.58 (1.00) 1.79 (1.03) 0.001 1.49 (0.93) 0.45 1.66 (0.98) 0.14

Comorbidity n (%) n (%) n (%) n (%)

Heart disease 181 (62.6%) 248 (73.8%) 0.003 29 (61.7%) 1.00 577 (71.1%) 0.008

Hypertension 243 (71.3%) 289 (79.6%) 0.011 43 (70.5%) 0.88 808 (80.3%) 0.001

Diabetes 76 (28.8%) 115 (42.1%) 0.002 13 (32.5%) 0.71 286 (44.2%) <0.001

Osteoporosis 68 (31.8%) 72 (36.0%) 0.41 5 (17.2%) 0.13 183 (38.4%) 0.10

Depression 117 (44.3%) 98 (40.0%) 0.37 15 (37.5%) 0.50 346 (52.8%) 0.020

Sleep apnea syndrome 8 (4.5%) 11 (6.7%) 0.48 2 (7.4%) 0.62 27 (7.4%) 0.26

Alpha 1 antitrypsin deficiency 3 (1.8%) 0 0.25 0 1.00 5 (1.5%) 1.00

Lung neoplasms 13 (6.3%) 5 (2.9%) 0.15 12 (30.8%) <0.001 38 (9.0%) 0.28

Abbreviations: BMI, body mass index; CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; FEV1%,

percentage of predicted FEV1; mMRC, modified Medical Research Council (Dyspnea Scale); SD, standard deviation.
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Cox Regression Models – All Causes of
Death
In the initial univariable Cox regression, all causes of death

were investigated, where time from first registration was cho-

sen as dependent variable and variables regarding demo-

graphics, respiration, HRQoL, and comorbidities were

entered as independent variables. In this model, mortality

was predicted by most of the inserted variables, except for

some comorbidities (Table 2).

In the multivariable, stepwise Cox regression ana-

lysis, all variables that became predictors based on

p<0.10 and with more than 10,000 registered patients

in the univariable analyses, were entered as indepen-

dent variables. Older age, lower FEV1 %, lower satura-

tion, lower number of days with exercise per week,

worse dyspnea, low BMI, and heart disease

remained significant in the multivariable analysis

(Table 2).

Table 2 Cox Regression, with Time from First Registration to Death for Deceased Patients (n=4382), and from First Registration to

December 31st, 2017, for Patients Who Were Censored on This Date, as Dependent Variable, and Data from First Registration in the

Swedish Respiratory Tract Register (SRTR) as Independent Variables

Independent Variables Univariable Analysis Adjusted for Age and

Gender

Multivariable

Analysis

HR (95% CI) p-value HR (95% CI) p-value

Age (in 10-year intervals) 2.25 (2.17, 2.34) <0.001 (n=39,823) 1.79 (1.41, 2.27) <0.001

Gender (1 = man, 2 = woman) 0.81 (0.76, 0.87) <0.001 (n=39,823)

Clinical variables

Years between diagnosis and first registration 1.04 (1.03, 1.05) <0.001 (n=12,058)

FEV1% 1.00 (1.00, 1.00) <0.001 (n=16,385) 0.99 (0.98, 0.99) <0.001

Saturation 0.89 (0.88, 0.89) <0.001 (n=19,483) 0.92 (0.86, 0.97) 0.001

Exacerbations during the last 12 months 1.23 (1.20, 1.26) <0.001 (n=16,291)

Number of hospitalizations for COPD in the last 12 months 1.33 (1.29, 1.37) <0.001 (n=5853)

BMI categorical variable with four categories

BMI 22–26 1 (total n=24,108) 1

BMI <22 1.89 (1.70, 2.10) <0.001 1.18 (0.78, 1.79) 0.43

BMI 27–30 0.86 (0.75, 0.99) 0.035 0.73 (0.44, 1.21) 0.22

BMI >30 0.84 (0.73, 0.96) 0.009 0.35 (0.19, 0.64) 0.001

Patient-reported variables

Smoking

Non-smoking 1 (total n=28,672)

Have quit smoking >6 months ago 1.47 (1.30, 1.66) <0.001

Current smoking 1.62 (1.42, 1.84) <0.001

Exercise activity, days per week 0.84 (0.83, 0.86) <0.001 (n=20,012) 0.91 (0.85, 0.98) 0.012

Quality of life, according to the CAT score 1.06 (1.06, 1.07) <0.001 (n=14,779)

Functional dyspnea (mMRC) 1.70 (1.62, 1.77) <0.001 (n=14,235) 1.48 (1.26, 1.74) <0.001

Comorbidity

Heart disease 1.44 (1.28, 1.62) <0.001 (n=11,941) 1.53 (1.06, 2.19) 0.022

Hypertension 0.71 (0.63, 0.79) <0.001 (n=19,248)

Diabetes 0.95 (0.85, 1.07) 0.41 (n=11,335)

Osteoporosis 1.20 (1.03, 1.40) 0.018 (n=8530)

Sleep apnea syndrome 0.86 (0.64, 1.15) 0.31 (n=7309)

Alpha 1 antitrypsin deficiency 1.14 (0.57, 2.30) 0.71 (n=6590)

Lung neoplasms 1.69 (1.32, 2.17) <0.001 (n=7635)

Depression/anxiety 0.95 (0.85, 1.07) 0.42 (n=12,216)

Abbreviations: BMI, body mass index; CAT, COPD Assessment Test; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory

volume in 1 second; FEV1%, percentage of predicted FEV1; HR, hazard ratio; mMRC, modified Medical Research Council (Dyspnea Scale).
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Cox Regression Models – Respiratory

Causes of Death
In our second main model, the variable “respiratory causes of

death”was studied. Time from first registration was entered as

dependent variable, and variables regarding demographics,

respiration, HRQoL, and comorbidities were entered into

a univariable Cox regression model as independent variables

(see Table 3). In the multivariable stepwise Cox regression

analysis including variables from the univariable analysis with

more than 10,000 registrations and p<0.10, older age, lower

Table 3 Cox Regression, with Time from First Registration to Death for Patients Who Died from Respiratory Causes, and from First

Registration to December 31st, 2017, for Patients Who Were Censored on That Date, as Dependent Variable, and Data from First

Registration as Independent Variables.*

Independent Variables Univariable Analysis Adjusted for Age and

Gender

Multivariable

Analysis

HR (95% CI) p-value HR (95% CI) p-value

Age (in 10-year intervals) 2.14 (1.96, 2.34) <0.001 (n=39,818) 1.67 (1.05, 2.65) 0.029

Gender

Male 1 (n=39,818)

Female 0.95 (0.82, 1.11) 0.95

Clinical variables

Years between diagnosis and first registration 1.05 (1.03, 1.07) <0.001 (n=12,046)

FEV1% 1.00 (1.00, 1.00) 0.003 (n=16,378) 0.98 (0.97, 0.99) 0.001

Saturation 0.86 (0.85, 0.88) <0.001 (n=19,468)

Exacerbations during the last 12 months 1.38 (1.32, 1.43) <0.001 (n=16,280) 1.27 (1.11, 1.45) <0.001

Number of hospitalizations for COPD in the last 12 months 1.40 (1.33, 1.47) <0.001 (n=5848)

BMI categorical variable with four categories

BMI 22–26 1 (n=24,093) 1

BMI <22 2.11 (1.67, 2.67) <0.001 1.52 (0.68, 3.36) 0.31

BMI 27–30 0.67 (0.48, 0.95) 0.023 1.00 (0.37, 2.73) 0.99

BMI >30 0.55 (0.40, 0.78) 0.001 0.11 (0.01, 0.97) 0.047

Patient-reported variables

Smoking

Non-smoking 1 (n=28,653)

Have quit smoking >6 months ago 2.23 (1.66, 3.01) <0.001

Current smoking 1.41 (1.01, 1.97) 0.043

Exercise activity, days per week 0.81 (0.77, 0.85) <0.001 (n=19,998)

Quality of life, according to the CAT score 1.10 (1.08, 1.12) <0.001 (n=14,768)

Functional dyspnea (mMRC) 2.40 (2.15, 2.77) <0.001 (n=14,223) 2.05 (1.45, 2.90) <0.001

Comorbidity

Heart disease 1.00 (0.77, 1.28) 0.98 (n=11,937)

Hypertension 0.47 (0.37, 0.60) <0.001 (n=19,244)

Diabetes 0.55 (0.42, 0.72) <0.001 (n=11,323)

Osteoporosis 0.89 (0.65, 1.22) 0.46 (n=8516)

Sleep apnea syndrome 0.58 (0.28, 1.18) 0.14 (n=7303)

Alpha 1 antitrypsin deficiency 1.64 (0.52, 5.17) 0.39 (n=6564)

Lung neoplasms 1.20 (0.68, 2.10) 0.54 (n=7627)

Depression/anxiety 0.78 (0.61, 1.00) 0.049 (n=12,209)

Notes: *Malignant pulmonary diseases were studied in an univariable comparison with respiratory diseases in Table 4, but were not entered in the multivariable analyses as

they constituted only 0.4% of all patients.

Abbreviations: BMI, body mass index; CAT, COPD Assessment Test; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory

volume in 1 second; FEV1%, percentage of predicted FEV1; HR, hazard ratio; mMRC, modified Medical Research Council (Dyspnea Scale).
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FEV1 %, a higher number of exacerbations, lower BMI, and

worse dyspnea became significant predictors of mortality.

Cox Regression Models – Cardiac Causes

of Death
In a Cox regression model regarding cardiac causes of

death, with time from first registration as dependent

variable, and including the same independent variables

as in the other models, all variables except for some

comorbidities became univariable predictors (Table 4).

In the multivariable stepwise Cox regression analysis,

all variables with more than 10,000 registrations were

included based on p<0.10. In this model, older age,

lower FEV1% and saturation, and the presence of heart

disease at first registration predicted mortality with car-

diac causes.

Table 4 Cox Regression, with Time from First Registration to Death for Patients Who Died from Cardiac Causes, and with Time

from First Registration to December 31st, 2017, for Patients Who Were Censored on That Date, as Dependent Variable, and Data

from First Registration as Independent Variables

Independent Variables Univariable Analysis Adjusted for Age and

Gender

Multivariable

Analysis

HR (95% CI) p-value HR (95% CI) p-value

Age (in 10-year intervals) 2.32 (2.13, 2.53) <0.001 (n=39,821) 1.46 (1.02, 2.09) 0.041

Gender

Male 1 (n=39,821)

Female 0.64 (0.55, 0.74) <0.001

Clinical variables

Years between diagnosis and first registration 1.02 (1.00, 1.04) 0.10 (n=12,057)

FEV1% 1.00 (1.00, 1.00) 0.037 (n=16,385) 0.99 (0.98, 0.99) 0.001

Saturation 0.90 (0.88, 0.92) <0.001 (n=19,483) 0.82 (0.76, 0.89) <0.001

Exacerbations during the last 12 months 1.13 (1.06, 1.22) <0.001 (n=16,291)

Number of hospitalizations for COPD in the last 12 months 1.28 (1.19, 1.38) <0.001 (n=5853)

BMI categorical variable with four categories

BMI 22–26 1 (n=24,107)

BMI <22 2.00 (1.57, 2.55) <0.001

BMI 27–30 1.09 (0.82, 1.45) 0.57

BMI >30 1.19 (0.90, 1.56) 0.22

Patient-reported variables

Smoking

Non-smoking 1 (n=28,671)

Have quit smoking >6 months ago 1.50 (1.14, 1.99) 0.004

Current smoking 1.78 (1.33, 2.38) <0.001

Exercise activity, days per week 0.83 (0.80, 0.87) <0.001 (n=20,011)

Quality of life, according to the CAT score 1.06 (1.04, 1.08) <0.001 (n=14,779)

Functional dyspnea (mMRC) 1.59 (1.46, 1.74) <0.001 (n=14,235)

Comorbidity

Heart disease 1.77 (1.37, 2.28) <0.001 (n=11,939) 2.06 (1.13, 3.73) 0.018

Hypertension 0.76 (0.58, 0.98) 0.034 (n=19,246)

Diabetes 0.97 (0.76, 1.24) 0.83 (n=11,333)

Osteoporosis 1.30 (0.94, 1.80) 0.12 (n=8530)

Sleep apnea syndrome 0.78 (0.42, 1.43) 0.42 (n=7307)

Alpha 1 antitrypsin deficiency 0.00 (0.00, 1.071E+139) 0.95 (n=6589)

Lung neoplasms 0.55 (0.23, 1.35) 0.19 (n=7633)

Depression/anxiety 0.68 (0.52, 0.88) 0.004 (n=12,215)

Abbreviations: BMI, body mass index; CAT, COPD Assessment Test; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory

volume in 1 second; FEV1%, percentage of predicted FEV1; HR, hazard ratio; mMRC, modified Medical Research Council (Dyspnea Scale).
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Discussion
The present study shows that in all all-cause, respiratory, and

cardiac mortality, the respiratory variables were predictors of

mortality, with some variations. Older age and low FEV1%

predicted mortality in all models. BMI and dyspnea remained

significant in analyses of all causes and respiratory causes of

death, whereas low saturation and presence of heart diseases

were predictors of all causes and cardiac causes of death.

Exacerbations predicted mortality of respiratory causes. This

together indicates that subjective and objective variables as

well as comorbidities need to be considered when predicting

mortality.

A large number of respiratory and non-respiratory vari-

ables have been suggested as predictors of mortality. This is

logical as COPD in the early stages mainly produces respira-

tory problems;22 more advanced stages are associated with

various comorbidities, eg, heart failure, loss of weight/

cachexia, osteoporosis, and depression. However, the present

study shows that the registered reductions in respiratory func-

tion remain as predictors of mortality more than one year later.

Among respiratory variables, dyspnoea, FEV1 %, saturation,

and exacerbations of COPD are well-known predictors of poor

prognosis,2–4,6 which is well in agreement with ourfindings. In

addition, hospitalization, a strong surrogate variable mainly

associated with COPD exacerbations and dyspnoea, is a well-

known risk factor.23–25Moreover, comorbidities including, eg,

heart failure, lowBMI, and depression have all been associated

with an increased risk of dying from COPD.26–29 In order to

obtain a higher precision, composites such as the BODE and

ADO have been created, with proved predictive value in

certain studies.2,7,8,14,15,17,27

Many of the commonly suggested variables covary

within the same patient. A person with severe COPD is

likely to present with dyspnoea, as well as insufficient

saturation, low FEV1 %, and episodes of exacerbations,

and so on. Each of these variables is a predictor of prog-

nosis at a group level, but with insufficient precision to

accurately predict survival in the individual patient.

A drawback of these composites is, however, that various

variables have been used in an additive way, despite the

strong correlation between the included items. Although

such composites may obviously strengthen the prognostic

capacity to some degree,3,9,29,30 they do not overcome the

problem of covariation. Puhan et al14 argue that health care

would benefit from more specific predictors of mortality in

order to determine thresholds where more, or less, treat-

ment should be proposed to have an acceptable risk–

benefit ratio. However, no reliable thresholds have been

determined so far. A multivariable approach, eg, using

Cox proportional hazards analyses, may be a step in that

direction in order to determine the relative importance of

different variables. Eg, in the present study the hazards

ratio for dyspnea was higher than the hazards ratio for

FEV1% in the all cause and respiratory causes of mortality,

which put emphasis on the relative importance of the

subjective experience as a complement to objective mea-

surements. This is in line with new GOLD grading system

that has been supplemented with symptom assessment and

history of exacerbations.31,32 Although the present study

was not designed to propose thresholds where more, or

less, treatment should be introduced to have an acceptable

risk–benefit ratio, we argue that the subjective experience

is of great importance as a predictor, but also as a basis for

an acceptable quality of life at the end of life. All pre-

dictors are developed on population level. Still, predictors

derived from multivariable regression models have

a higher precision also in the individual case, as there is

a high co-variation between significant variables identified

in univariable regression models. The multivariable mod-

els take this co-variation into account.

Others, such as Celli et al,6 argue that greater efforts

should be made to analyze respiratory causes of mortal-

ity from non-respiratory causes, in order to better under-

stand the effects of COPD on mortality. This is in line

with our findings, as variables that were independent

predictors of mortality from all causes of death differed

from those predicting death from respiratory causes.

This is clinically important, as COPD in the early stages

is mainly a lung disease, whereas in the late stages, it is

intimately associated with comorbidities that also con-

tribute to shortened survival. In contrast to composite

indices as the BODE,6 DOSE,13 and ADO17, the present

study take different causes of death in consideration. As

the models in the present study resulted in some differ-

ences in predictors, it is important to explore the impor-

tance of cause of death.

In the three Cox regression analyses in the present

study, some predictors were generic and obvious, such as

age, while others varied somewhat. In the first multivari-

able analysis with all causes of death, age, FEV1 %,

saturation, exercise activity, dyspnea, low BMI, and pre-

sence of heart disease became significant predictors. These

predictors indicate that the effect of the COPD disease was

obvious, which is in line with the composite measures, the

BODE,6 DOSE,13 and ADO,17 which all include dyspnea
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and obstruction (the ADO also includes age). The BODE6

also includes exercise and BMI, as in our study. DOSE13

includes dyspnea, obstruction, smoking, and number of

exacerbations. However, in our study smoking does not

predict mortality. In the univariable analysis, smoking is

somewhat contradictive in that those who had quit smok-

ing had higher mortality than those who were still smo-

kers. Possibly, this is a vulnerable population and those

who had quit smoking had quitted due to more severe

illness. In our data, heart disease also became

a significant predictor of mortality. The importance of

comorbidities, especially heart disease, for COPD patients’

mortality has been demonstrated by others,23,26 which

indicates that frail patients with multiple diseases need to

be professionally treated. Composite indices, as well as the

results from the present study, indicate important factors

for predicting mortality, which could be used in clinical

practice to initiate discussions with patients and families of

individual preferences of care. As there could be indivi-

dual and cultural differences in expectations of care,

healthcare professionals need to adapt such discussions

accordingly. The independent variables in the present

study were collected at the patients’ first registration in

the register, which resulted in a prediction of mortality at

an early stage. Early reliable predictors might be a basis to

promote early changes in treatment and care, which could

be beneficial for the patient.

Not surprisingly, in the second Cox regression analysis

concerning respiratory cause of death, COPD-related vari-

ables were shown to predict mortality in the multivariable

analysis, ie, FEV1 %, number of exacerbations in the

last year, lower BMI, and dyspnea. This points to the

usefulness of the DOSE,13 which includes dyspnea,

obstruction, smoking, and number of exacerbations.

However, in our study, smoking does not predict mortality.

The importance of dyspnea as a predictor of mortality, also

when controlling for age, smoking, and lung function, has

been acknowledged by others.33,34 In the comparisons

between patients with different causes of death, presented

in Table 1, patients who died from respiratory causes had

significantly worse dyspnea and HRQoL than patients

dying from other causes. This emphasizes the importance

of treating dyspnea and there are studies showing that, eg,

pulmonary rehabilitation has effects on surrogate variables

such as dyspnea and exercise capacity.6,35 An interesting

finding in our population was that patients dying from

respiratory causes had significantly worse dyspnea

(mMRC scores) compared to patients dying from lung

cancer, despite the fact that lung cancer patients often are

smokers/previous smokers.

In the third Cox regression analysis, conducted in

patients with a cardiac cause of death, higher age, lower

FEV1 %, and lower saturation, as well as presence of heart

disease at first registration remained significant in the

multivariable analysis. This indicates that although these

patients died from a cardiac cause of death, the COPD

disease still had a significant impact on them. In COPD

patients with heart disease, the COPD treatment therefore

needs to be continued.

Both clinicians and patients need prognostic information.

From a health-care point of view, the identification of prog-

nostic markers or composites is of interest, as such informa-

tion may facilitate tailored treatments. The finding of low

FEV1% as a significant predictor of mortality in all-cause,

respiratory, and cardiac mortality, and dyspnea in all-cause

and respiratory mortality, indicates that dyspnea needs to be

targeted, regardless of the primary diagnosis. Recent efforts

have been made to acknowledge the need to address dyspnea

in both COPD and heart disease simultaneously.36

The use of quality registers, such as the SRTR, has the

potential to generate knowledge about the effect of inter-

ventions on large populations.37 Thus, although not all-

compassing in either geographical coverage or inclusion in

every health-care center, the register still provides valuable

information in the context of real patient encounters.

A limitation of this study is that the registration in the

SRTR was not complete for all patients, resulting in miss-

ing values in the multivariable Cox proportional hazards

regression analysis. In order to further improve predictions

of mortality, other variables could have been included, eg

biomarkers or data on inspiratory function. Another lim-

itation is that analysis of interaction of the variables were

not executed.

To summarize, our study has confirmed the predictive

value of age and FEV1% in all-cause, respiratory, and

cardiac mortality and dyspnea in all-cause and respiratory

mortality. Moreover, the time point at which potential

predictors are registered will affect the outcome. Certain

respiratory variables, such as FEV1% or saturation, may be

present and registered early, whereas variables such as

osteoporosis or low BMI develop later in the trajectory.

Moreover, for the patients who died from a cardiac cause

of death, heart disease at the first registration was a strong

predictor of mortality. Therefore, there is no simple way to

decide on an optimal model of decision making as regards

prognosis and treatment, as several models are possible.
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The clinician should bear in mind that a reasonable prog-

nosis can be made from those variables available in

a certain clinical situation.
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