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ABSTRACT

Mortality and other long-term outcomes of COPD from epidemiological studies of cohorts
based on the general population are still rare. In contrast, data from follow-ups of patients from
hospitals and general practices are more common and demonstrate often a 5-year mortality
of about 50% and even higher. The aim was to study 20-year outcomes, mainly mortality, in
a COPD cohort derived from a population study. The Obstructive Lung Disease in Northern
Sweden (OLIN) Study’s first postal survey was performed in 1985, and 5698 subjects (86%)
responded. A stratified sample of symptomatic subjects and controls was invited to clinical
examinations including lung function tests in 1986, 1506 (91%) of the invited participated and
266 subjects fulfilled the GOLD criteria of COPD. All alive and possible to trace had participated
at least at two follow-up examinations. Of the 266 subjects with COPD 46% were still alive after
20 years. The proportion of survived among subjects with severe and very severe COPD at entry
was 19%. Death was significantly related to age, male sex, disease severity and concomitant
ischemic heart disease or cardiac failure at entry. Socioeconomic status (manual workers)
was significant in the univariate analysis, but failed to reach statistical significance in the
multivariate model. The annual decline in FEV, among survivors was low to normal. Long-term
follow-ups of subjects with COPD derived from population studies provide data reflecting the
course of COPD in society better than follow-ups of hospital recruited patients, who represent
the top of the iceberg. Surprisingly many with severe COPD were still alive after 20 years.
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INTRODUCTION

Published studies of long term follow-ups of COPD are still
rare. They mostly report data of outcome based on follow-ups
of patients with COPD who have been hospitalized or subjects
followed by specialists or general practitioners (1-3). Results
from such studies show a more or less uniform outcome with a
poor prognosis and a high 5-year mortality of 50% and higher
among patients with mostly severe COPD followed at hospitals
(1,2) and somewhat lower when the patient cohorts are managed
in general practice (3).

The large under diagnosis of COPD with about only one out
of three or four of all subjects fulfilling diagnostic criteria of
COPD identified by the health care system (4—6) complicate
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assumptions based on patient registers of long term outcomes
of COPD in society. As a consequence, death certificates with
COPD as the underlying cause of death is underreported (7)
and may contribute to the large proportion of other causes than
respiratory (8) of death in COPD. There are still few publica-
tions about long term follow-ups including mortality of subjects
with COPD identified in epidemiological studies of the general
population (9-12).

The Obstructive Lung Disease in Northern Sweden (OLIN)
Studies started in 1985 (13). The first modern guidelines for
COPD were developed from 1995 to 1997 (14-16), and we
have reported the results of the prevalence of COPD from studies
performed in 1996 (6) and prevalence by disease severity (17).
Later on the cumulative incidence of COPD among symptomatic
subjects (18) and the incidence of COPD among middle-aged
and elderly in the general population have been studied (19), as
well as the societal costs of COPD in a general population study
setting (20).

The subjects fulfilling the spirometric criteria of COPD ac-
cording to the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) and the American Thoracic Society/European
Respiratory Society Standards for COPD (21, 22) in our first
study sample from 1985 of the general population have retro-
spectively been identified using spirometric data collected in
1986. The aim of this study was to analyze the outcome of
COPD from 1986 to 2006 in terms of survival and mortality by
age, gender, smoking habits and lung function at entry. Further,
change in lung function over time and progression of disease
severity was studied as well as risk factors for mortality with
multivariate analyses using Cox regression.

MATERIAL AND METHODS
Study sample

In 1985 a postal questionnaire survey was performed in an
age-stratified sample of 6610 subjects, response rate 86%, in
the northern most county of Sweden covering one-fourth of the
area of Sweden (13). Subjects reporting respiratory symptoms
suggesting asthma or chronic bronchitis and a randomly se-
lected sample of subjects with no suspicion of these diseases
were invited to clinical validation studies in 1986 including
mainly a structured interview and a lung function test. In sub-
jects with obstruction defined as FEV/VC < 0.7 or FEV; <
80% of predicted values, a reversibility test was performed.
Of a total of 1506 subjects (91%) of those who were invited
actually participated (23). Of the participants, 266 subjects ful-
filled the spirometric criteria of COPD according to GOLD
guidelines.

Among the 266 subjects, 126 (47%) had been classified as
having chronic bronchitis according to the WHO-criteria for
chronic bronchitis, while 84 (32%) may have had a concomitant
asthma, as in 1986 they either reported that they had asthma,
had a positive reversibility test (increase > 15% in FEV; from
baseline), or were hyper-reactive to methacholine. Also these
84 subjects labeled as “asthma” are included in the analyses
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irrespectively of whether they had real asthma or not, as asthma
and COPD may co-exist. Of the 266 subjects, all but 17 reported
chronic or recurrent respiratory symptoms.

Follow-up surveys

Follow-up studies of the 1506 subjects were performed in
1996 and included spirometry (18, 24). The third survey of
the cohort including spirometry was performed in 2003. The
subjects who participated in the postal questionnaire survey in
1985 were followed-up by using the same questionnaire in 1992
and 1996 (25, 26). In 1996 the prevalence of COPD was studied
using spirometry including reversibility testing and a structured
interview in a random sample of 1500 questionnaire responders
(6), and they were followed-up in 2003 (19). Time points of
deaths were given by the population register of Norrbotten’s
local health authority.

Spirometry

At all examinations the same dry spirometer, the Dutch
Mijnhardt Vicatest 5, was used. At examinations daily calibra-
tions were performed. The ATS recommendations for spirom-
etry were followed at all surveys with some exceptions; the
subjects have been standing at the examinations with a few ex-
ceptions, and nose clip was not regularly used (27). Forced vital
capacity (FVC) maneuvers were performed at least 3 times at
every examination, and the difference between the 2 best FVC
and 2 two best FEV values had to be < 5%, or < 1 dl in case the
values were < 2 liters. Up to 6 measurements were performed at
each examination. Further, slow vital capacity (SVC) was also
measured regularly. When calculating the ratio between FEV
and vital capacity (VC), the highest value of FVC and SVC
was used as the denominator. Swedish normal values (28) that
conform well to the population in the study area were used (23).

Severity staging of COPD according to GOLD (21), which
conforms closely to the ATS/ERS Standards for COPD (22)
were used:

No COPD: FEV,/FVC > 0.7,

Stage 1 COPD: FEV/FVC < 0.7; FEV, >80% of predicted
values,

Stage 2 COPD: FEV/FVC < 0.7; FEV; <80% and > 50% of
predicted values;

Stage 3 COPD: FEV/FVC < 0.7; FEV| <50% and > 30% of
predicted values; and

Stage 4 COPD: FEV/FVC < 0.7; FEV; <30% of predicted
values.

Questionnaire

The same basic questions were included in the interview
questionnaires used at each survey (23). The questionnaire was
expanded in 1996 and 2003, and has been used also in com-
parative studies between Sweden, Finland and Estonia, the
FinEsS-studies (29). Questions about respiratory symptoms,
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Table 1. Baseline characteristics of the COPD cohort in 1986 by age and sex

1919-1920
Characteristic Category N (%) N
Numbers 146 (55) 85
Sex Men 92 (63) 54
Women 54 (37) 31
Smoking habits in
1986 Smokers 55 (38) 55
Ex-smokers 53 (36) 18
Non-smokers 38 (26) 12
Socio-economic
status in 1986 Manual workers
Other soc-ec groups
COPD severity GOLD | 50 (34) 28
grade in 1986
GOLD Il 72 (50) 46
GOLD Il 18 (12) 6
GOLD IV 6 (4) 5
Heart disease Infarction or failure 24 (16) 3
Any heart disease 55 (38) 10
% pred % pred
FEV4 in 1986 Mean 70.9 67.8
in % of predicted SD 21.0 20.2
values
Range 19-115 12-107

1934-1935

1949-1950
(%) N (%) N (%) N (%) N (%)

Men-all Women-all Total

(32) 35 (13) 266
(64) 25 (71) 171 (64)
(36) 10 (29) 95 (36)
(65) 13 (37) 83 (48) 40 (42) 128 (46)
(21) 8 (23) 63 (37) 16 (17) 79 (30)
(14) 14 (40) 25 (15) 39 (41) 64 (24)
168 (63)
98 (37)
(33) 18 (51) 62 (36) 34 (36) 96 (36)
(53) 16 (46) 90 (53) 44 (46) 134 (50)
7) 0 — 13 (8) 11 (12) 24 (9)
(6) 1 (3) 6 (4) 6 (6) 12 (5)
(4) 0 — 20 (12) 7 7 27 (10)
(12) 1 (3) 45 (26) 21 (22) 66 (25)
% pred % pred % pred % pred
77.3 72.3 68.0 70.7
15.6 19.3 12-115 20.2
21-105 19-114 21.7 12-115

heart disease and other co-morbidities, smoking habits, socioe-
conomic status and occupation were surveyed similarly at all
surveys. Data about family history of obstructive airway dis-
ease, i.e., asthma and/or chronic bronchitis and/or emphysema
was based on the initial self-administrated questionnaire (13).

Ethical approval

The initial postal survey in 1985 and the three later performed
surveys including clinical measures have each been approved
by the Ethics Committee at the University and the University
Hospital of Northern Sweden in Umea.

Analyses

Death over time has been expressed using Kaplan—Meier
curves in the total material as well as stratified by age group.
Survival in subjects fulfilling criteria for chronic bronchitis in
1986 have been compared with survival among subjects with
COPD also having an asthmatic component in their disease.
Determinants of mortality were calculated by Cox regression
analysis, and risk factors of death have been expressed with
Hazard ratios (HR) using 95% confidence intervals (CI) for sta-
tistical significance. Age, sex, lung function (FEV;), smoking
habits, heart disease divided in ischaemic heart disease and other
heart diseases, family history of obstructive airway disease (i.e.,
asthma, COPD, chronic bronchitis or emphysema) among par-
ents and siblings, and socioeconomic status at entry have been
used as independent variables. Age and FEV; have been used
both as continuous variables and categorical variables, i.e., age
group and COPD stage according to GOLD. In univariate anal-
yses the chi’-test was used. All analyses were made using the
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Statistical Package for Social Science (SPSS) software version
14.5.

RESULTS

Baseline characteristics

Of the 266 subjects fulfilling the spirometric GOLD criteria
for COPD, 171 (64%) were men and 95 were women. By age at
entry in 1986, 55% belonged to age group aged 65—66 years (in
1986), 32% to middle age group of 50-51 year olds, and 13%
or 35 subjects belonged to the youngest age group aged 35-36
years (Table 1). Current smokers constituted 46%, ex-smokers
30%, and 24% were non-smokers at base line. Of men with
COPD, 15% were non-smokers, while 39% of women fulfilling
the spirometric criteria of COPD reported they never had been
smokers (p < 0.001). Ten percent had had cardiac infarction
or heart failure, while 25% reported having or having had a
heart disease at entry. Heart disease was strongly correlated
with increasing age, and 55 out of 66 subjects with heart disease
came from the oldest age group (Table 1).

Half of the subjects with COPD had GOLD severity stage
II, and 14% belonged to GOLD stage III or IV. The distribution
by severity was similar in men and women (Table 2). The dis-
tribution of smoking habits by severity of COPD showed that
ex-smokers comprised a majority of subjects with severe and
very severe COPD (GOLD III and IV). Among all subjects,
mean FEV; was 70.7% of predicted at entry, and there were
no major differences between men and women or between the
two oldest age groups, while FEV1 was slightly higher in the
youngest age group (Table 2).
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Table 2. Deaths in relation to anthropometric data, severity of COPD and mean FEV1 in percent of predicted values

p-value
Characteristic Category Died < 1997 Died 1997-2003 Died > 2003 Deceased Alive (death vs alive)
All 63 56 25 144 (54%) 122 (46%)
Age, born in 1919-1920 50 43 16 109 (75%) 37 (25%)
1934-1935 12 13 9 34 (40%) 51 (60%)
1949-1950 1 0 0 1 (3%) 34 (97%) < 0.0001
Sex Men 46 35 17 98 (57.3%) 73 (42.7%)
Women 17 21 8 46 (51.6%) 49 (48.4%) 0.16
Smoking status in
1986 Smokers 31 26 9 66 (53.7%) 57 (46.3%)
Ex-smokers 19 19 11 49 (62.0%) 30 (38.0%)
Non-smokers 13 11 5 29 (45.3%) 35 (564.7%) ?
Socioeconomic
status in 1986 Manual workers 105 (63%) 63 (37%)
Other 39 (40%) 59 (60%) < 0.0001
socio-ec groups
COPD severity GOLD | 15 16 8 39 (40.6%) 57 (59.4%)
grade in 1986
GOLD Il 29 31 16 76 (56.7%) 58 (43.3%)
GOLD 1l 11 7 1 19 (79.2%) 5 (20.8%)
GOLD IV 8 2 0 10 (83.3%) 2 (16.7%) < 0.0001
Mean FEV In 1986 61.4 (n = 63) 68.6 (n = 56) 73.2 (n = 25) 66.3 76.2
in % of predicted In 1996 65.3 (n =4) 61.1 (n=37) 69.2 (n = 20) 64.0 78.1
values
In 2003 53.5(n=4) 64.2 (n =13) 61.7 75.9

Bivariate analyses; p-values between deceased and subjects still alive in 2006.

Mortality by age, sex and severity of COPD

Of the 266 subjects, 144 (54%) had died, while 122 were still
alive in January 2006. The survival curve showed an accelerating
decline by year of follow-up. This was true particularly in the
oldest age group (Figure 1a). Before January 1997, 63 subjects
had died. From 1997 to January 2004 a further 56 subjects died,
and thereafter from January 2004 to January 2006 an additional
25 subjects had died (Table 2).

The large majority of the deceased subjects belonged to the
oldest age group (75%), while only one subject in the youngest
age group had died (Table 2). Of all men, 57% had died ver-
sus 48% of all women (ns). The mortality was significantly
higher among manual workers. Disease severity at entry based
on GOLD stages was highly related to death (Figure 2). Two
subjects out of twelve in GOLD stage IV were still alive after
20 years. Of those in GOLD stage III 79% had died, of those in
stage II 57%, while 41% had died of those with GOLD stage I
at entry in 1986 (Table 2). About half were still alive in 2006 of
those in the age group of 50-51 year olds in 1986 with GOLD
stage II and III.

Mortality by FEV,

Initial FEV| in 1986 was significantly related to death. Of
those who died during the 20 years of follow-up, the initial FEV
in 1986 was 66% of predicted versus 76% among those who
still were alive in 2006 (p < 0.001). The subjects who survived
kept their lung function relatively stable and had a close to
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stable mean FEV | in percent of predicted values measured at all
three surveys. Among those who died, mean FEV continuously
decreased more or less rapidly (Table 2). Among all subjects
who survived until 1996, the mean annual decline in FEV1
from 1986 to 1996 was limited, or 24 ml/y. The mean decline
from 1996 to 2003 among those who also survived that period
was 36 ml/y.

Symptoms and conditions in relation to death

Chronic respiratory symptoms were significantly more com-
mon at baseline among those who died during the follow-up
period. On the other hand, rhinitis had a protective effect and
was more common among the survivors. The same was found
with concomitant asthma (Table 3). BMI was not related to
death.

Risk factors for death

Increasing age and initial lung function were both signifi-
cantly related to death. Increased age year by year yielded a
hazard ratio (HR) of 1.085 (95% CI 1.059-1.112). A decrease
in initial FEV1 of one percent unit of predicted value increased
the risk of death with HR 1.023 (95% CI 1.015-1.032).

When using age and lung function as categorical variables,
the impact of age group and severity stage according to GOLD is
apparent. As shown by figures, the effect of age on mortality in-
creased with increasing age (Figure 2, Table 5b). The age group
50-51 years yielded a HR of 14.99, and the HR for the age group

COPD: Journal of Chronic Obstructive Pulmonary Disease
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Figure 1. Kaplan-Maiyer curves expressing survival in subjects
with COPD over 20 years by age-group (a), and in subjects with
either chronic bronchitis, asthma-like phenotype, or without either
chronic bronchitis and asthma-like phenotype (b). Sex, age-group
(not in Figure 1a), COPD severity stage, smoking habits, socioe-
conomic status and atopy were used as covariates.

65-66 years at entry was 37.17, both highly and significantly re-
lated to death. When using the GOLD severity stage, instead of
using FEV 1, as independent categorical variables with GOLD I
as reference, GOLD stage II and III increased the risk of death
with HR 1.52 and HR 2.53, respectively, while GOLD stage IV
increased the risk with HR 7.29 (Table 4).

Cardiac infarction and/or heart failure were highly related to
death, HR 3.16 (95% CI 1.94-5.16), while heart diseases other
than cardiac infarction or heart failure were not significantly
related to death (Table 4). Further, as expected, male sex was a
risk factor for death during the 20 years’ follow-up time.

Smoking habits at entry were not significantly related to
death. However, the majority of those with severe and very
severe COPD at entry had already quit smoking before 1986.
Socioeconomic status was not statistically significant in the mul-
tivariate model as a cause of death.
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Figure 2. Percentage (%) of deceased by age-group and severity
stage (GOLD) of COPD.

When comparing subjects with an asthma-like phenotype
(n = 84), the mortality among them was significantly lower
compared with the 123 subjects who fulfilled the criteria of
chronic bronchitis at entry. This difference remained also af-
ter correction of the influence of smoking habits and sever-
ity grade of COPD and the other covariates used in the
analyses. Non chronic bronchitis —non asthma-like phenotype
had a survival curve similar to the asthma-like phenotype
(Figure 1b).

DISCUSSION

In comparison with data of hospitalized subjects with COPD
(1,2) and subjects with COPD identified by the health care sys-
tem (30), our study found a considerably better survival among
the subjects with COPD identified by an epidemiologic popula-
tion study. Although our study confirms the poor prognosis of
COPD, 46% of the subjects with COPD were still alive after the
20-year follow-up period. A large majority of subjects having
severe or very severe COPD at entry according to the GOLD
criteria had died, however, a surprisingly large proportion of
them, 19%, were still alive after the 20-year follow-up period.
The survivors had a normal or even low annual decline in lung
function. As expected, mortality was highly associated with age
and disease severity at entry. Also ischemic heart disease and
heart failure at entry were highly related to death during the
follow-up period.

How common is death from COPD? The very large under di-
agnosis of COPD, which probably is the case in most countries
(4-6), contributes to uncertainty, and register database on death
certificates may thus give underestimated results. According to
death certificates, the number of causes of death due to COPD
in Sweden amounted to about 2500 in 2005 corresponding to
2-3% of all deaths, and it is now similar in men and women
after a continuous increase in women, while deaths among men
due to COPD have reached a plateau (31). In Denmark, a
25-year follow-up within the Copenhagen City Heart Study
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Table 3. Deaths in relation to heart disease, family history of obstructive airways disease (OAD), atopy, and chronic respiratory symptoms

Characteristic

All
Heart disease

Category

Infarction or failure
Any heart disease
Family history of OAD

BMI >30,n=24
>25<30,n=95
>20<25n=125
<20,n=11
Rhinitis

Chronic bronchitis
Asthmatic

None of the above
Dyspnea grade 3
Productive cough
Wheeze

Atopy
COPD phenotype in 1986

Respiratory symptoms

p-value
All deceased Alive (death vs alive)
144 (54%) 122 (46%)
25 (93%) 2 (7%) < 0.001
55 (83%) 1 (17%) < 0.001
50 (56%) 39 (44%) 0.89
4 (58%) 10 (42%)
52 (55%) 3 (45%)
66 (53%) 59 (47%)
4 (36%) 7 (64%) 0.66
14 (37%) 24 (63%) 0.030
86 (68%) 40 (32%) < 0.001
34 (40%) 0 (60%) 0.002
4 (43%) 32 (57%) 0.060
61 (76%) 9 (24%) < 0.001
106 (65%) 6 (35%) < 0.001
122 (54%) 104 (46%) 0.96

Bivariate analyses; p-values between deceased or subjects still alive in 2006.

found COPD responsible for 3.7% of all deaths according to
death certificates (11).

Lower figures have been published from France. During the
same time period COPD was the underlying cause of only 1.4%
of all deaths, while COPD was mentioned in 3.0% on the death
certificates (32). In England and Wales during the 1990s “ob-
structive lung disease,” including both COPD and asthma, was
mentioned as a contributing cause of death in 8% of all death cer-
tificates (33). Also in the US, obstructive lung disease was listed
on death certificates in 8%, and among them 43% was recorded
as the underlying cause of death (7). Interestingly, similar to the
United Kingdom (5) and Sweden (31), the number of women
dying from COPD in the year 2000 surpassed the corresponding
number of men (34).

Table 4. Risk factors for death by Cox regression; Age (age group)
and FEV (GOLD severity stage) as categorical variables

Independent variables Dependent variable (death)

Variables Categories HR 95% ClI
Age 35-36y 1
50-51y 14.99 2.04-110.17
65-66 y 37.17 5.12-269.66
Sex Women 1
Men 1.51 1.02-2.23
Smoking habits ~ Non-smoker 1
Ex-smoker 0.94 0.57-1.55
Smoker 1.39 0.87-2.22
COPD: GOLD | 1
GOLD class GOLD Il 1.52 1.03-2.26
GOLD 11l 2.53 1.44-4.44
GOLD IV 7.29 3.39-15.65
Heart disease No 1
Any 1.45 0.93-2.25
Infarction or failure 3.16 1.94-5.16

Hazard ratios (HR) and 95% confidence intervals.
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The relatively low mortality of COPD in Sweden can be
explained by a lower proportion of smokers than in most other
countries, including westernized countries. In 1985 about 30%
of both men and women were current smokers in our study area
(13), while in 2006 17% of the adult population (women 20%;
men 14%) smoked at least once a week. Over the past 5 to
10 years, the mortality caused by COPD has reached a plateau
among men, while there is a continuous increase in women (31).

There are some large population studies allowing comparison
with our results. Two of them are from the USA. Analyses of
death within the large US National Health and Nutrition Survey
(NHANES) have resulted in strikingly similar results (10). After
a median follow-up time of 18 years (maximum 22 years) the
mortality in subjects with severe and very severe COPD (GOLD)
was 71% versus 81% in our study. When comparing COPD
defined as GOLD stage > II, a prevalence of COPD of 8%
was found both in northern Sweden (6) and in a later phase
of the NHANES (4). Further, both studies found that up to
50% of smokers sooner or later develop COPD (6, 35). The
proportion of deaths in our study also corresponds fairly well
with another U.S. study, the Cardiovascular Health Study, which
included subjects > 65 years at baseline with 1292 subjects
(26%) fulfilling spirometric criteria of COPD defined as GOLD
stage > II (12). Among those subjects, death occurred in 34%
over a 7-year period versus 75% during 20 years in our study
among subjects aged 65-66 years at entry.

Some large COPD studies conducted as clinical trials and
their follow-ups provide important mortality data of COPD.
Moderate to severe COPD (FEV;| < 60% of predicted values)
was studied over three years in the TORCH trial (36). Mortality
was related to disease severity based on lung function and was
overall 14%. The ISOLDE study performed in the UK had
included subjects with severe COPD (FEV; < 50% of predicted
values) and 375 subjects or a half of the participating subjects
could be analysed in a 13 year follow-up (37). The mortality
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of 56% is in line with ours, taking follow-up time and disease
severity at baseline into account. Long term conclusions are
not yet ready to be taken from the TORCH study. Follow-up
surveys of mild-to-moderate COPD clinical trials have also been
performed. The U.S. Lung Health Study found the mortality
over 14.5 years to be 12%, a result reflecting the relatively mild
disease with FEV| 55-90% of predicted values and age < 60
years at entry (38).

When studying mortality in COPD, the risks factors for death
vary considerably depending on the age composition of the
subjects under study and the severity of COPD. Further, when
studies are limited to subjects with COPD, the risk factor pattern
appear different from studies based on representative samples of
the general population. In population studies smoking appears
to be a major risk factor yielding a great impact both on de-
velopment of COPD and mortality in subjects with COPD (11,
39). Correspondingly, outdoor air pollution and airborne occu-
pational exposures contribute to both development and death
in COPD (39-42), however, yielding risk estimates generally
lower than risks attributed to smoking. Other important risk
factors for death include cardiovascular disease (38, 43) and
co-morbid conditions with both bronchial and systemic inflam-
mation. For instance, increases in concomitant chronic bronchi-
tis and the risk of death in COPD (44). Further, among several
other respiratory conditions, exacerbations of COPD (30) and
rapid decline in lung function (12) are both markers of increased
risk for death. Family history of obstructive airway disease is
associated with development of COPD (6); however, its impact
on a severe outcome has not so far been evaluated.

When the study is limited to subjects having COPD, the
impact of smoking cannot be sufficiently evaluated. For instance
in our study and the follow-up of the ISOLDE study (37), both
studies of similar size and of similar follow-up time of about
20 years including only subjects with COPD, smoking did not
appear as a significant risk factor for death. In our study most
subjects with severe and very severe COPD were ex-smokers
already at baseline. Similar risk factors for death appeared in
both the ISOLDE follow-up and in our study, and included male
sex, increasing age, and a low lung function at entry, however,
co-morbid conditions were not analysed in the ISOLDE study.
In our study also ischemic heart disease and/or heart failure was
significantly related to death. BMI was not related to death in
our study, possibly due to the low number of subjects with severe
disease and socioeconomic status failing to reach significance in
the multivariate model. As expected, male sex was a significant
risk factor for death.

Also, causes of death among subjects with COPD differ con-
siderably depending on disease severity and the age composition
of the studied samples. Generally, cardiovascular disease, can-
cer and respiratory disease are the three most common causes
of death in COPD. In severe COPD, respiratory causes dom-
inate, in TORCH they comprised 52%, and in the ISOLDE
follow-up 38% (36, 37), while in mild COPD among middle-
aged subjects in the U.S. Lung Health Study, cancer was the
most common cause of death, 32%, and in contrast a respiratory
cause accounted only for 8% (38). Among elderly with mild-to-
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moderate COPD, cardiovascular diseases appear often as cause
of death (43). We have not yet explored the causes of death
in detail. We have found a large discrepancy between statistics
based on death certificates and the data we find from the ongo-
ing population studies. Piloting so far suggests cardiovascular
disease to be the most common cause of death in our study, but
the impact of respiratory cause of death in COPD seems to be
largely underestimated in death certificates.

There are several strengths in our study. The participation
has been high over the 20-year observation period. In the ini-
tial postal survey, 86% participated (13), and in the follow-up
surveys including spirometry, the participation among the sub-
jects possible to trace has been close to 90% (6, 17-20, 23, 24).
The results of the initial lung function measurements have been
confirmed, as the subjects have been followed over time with
spirometry. Thus, occasionally measured low values at entry
cannot explain the good prognosis among the one fifth of sub-
jects with severe COPD at entry. Further, the same research team
have with few exceptions performed the lung function tests over
the 20 years. The internal validity must thus be judged as high.
When calculating risks for death, our study has limitations. As
the study included only subjects with COPD, there are no real
possibilities to study risk factors that are causal for COPD, such
as smoking. The limitation allows risk estimates only between
different severity grades of COPD, and in calculations of risks
we have used GOLD stage I as reference.

We can conclude that COPD identified by population studies
have a considerably better long term prognosis than found by
follow-up studies of general practice and hospital based cohorts.
Our results are in line with the so far few other longitudinal pop-
ulation based studies including outcomes of COPD. The main
reason to the better outcome is the greater proportion of subjects
with mild and moderate disease. Early detection is important, as
it opens for preventive measures aimed at slowing down disease
progression. The long follow-up time points out that even sub-
jects with severe COPD may have a good prognosis. Pooling
of data from several cohorts is in progress aiming to identify
positive prognostic factors in severe and very severe COPD.
Negative prognostic factors are already fairly well identified.
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