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Lung function, smoking and mortality in a
26-year follow-up of healthy middle-aged
males

K. Stavem*”, E. Aaser’, L. Sandvik", J.V. Bjernholt*, G. Erikssen*,
E. Thaulow® and J. Erikssen*

ABSTRACT: Lung function has been associated with mortality after adjusting for other risk
factors; however, few studies have adjusted for physical fithess and reported separate analyses
according to smoking status.

In 1972-1975, spirometry, clinical and physiological parameters were recorded in 1,623
apparently healthy males aged 40-59 yrs. After 26 yrs of follow-up, the current authors
investigated the association between baseline lung function and mortality, adjusting for smoking,
physical fitness and other potential factors.

By 2000, 615 individuals (38%) had died, with 308 (50%) of these deaths from cardiovascular
(CV) causes. Forced expiratory volume in one second was a predictor of all-cause mortality (risk
ratio (RR) 1.10 per reduction of 10%) after adjusting for smoking, physical fithess, age, systolic
blood pressure, body mass index and serum cholesterol. The corresponding multivariate RR was
1.07 for CV causes and 1.34 for respiratory death.

In conclusion, in stratified analyses among current and former smokers, forced expiratory
volume in one second % predicted was a strong independent predictor of all-cause mortality and
respiratory death among current smokers. Forced expiratory volume in one second % predicted

was not associated with mortality among never-smokers.
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rospective  population studies have
P reported pulmonary function to be an

independent predictor of all-cause and
cardiovascular (CV) mortality when adjusting
for a variety of confounders or known risk factors
[1-11]. Poor lung function, measured as forced
expiratory volume in one second (FEV1), is also
associated with increased mortality from respira-
tory diseases [1, 3, 4, 6, 8, 12, 13] and malig-
nancies [2, 14-16]. The mechanism for the
relationship between lung function and CV
mortality remains largely unexplained. Various
mechanisms for the association between lung
function and CV mortality have been suggested,
such as through systemic inflammation, auto-
nomic dysfunction, physical inactivity, socio-
economic status, residual confounding, or that
lung function is an indicator of general health
status or unmeasurable environmental or lifestyle
influences [13, 17-21].

The impact of lung function on mortality [22, 23]
and coronary heart disease [24] after adjustment

For editorial comments see page 587.
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for self-reported physical activity has been
reported, although no studies of mortality have
adjusted for objective measures of physical
fitness. Few studies also have reported the
association between lung function and mortality
separately for smoking groups [21].

In this study, the current authors aimed to assess
the predictive value of pulmonary function for
all-cause, CV and respiratory mortality after
adjusting for a number of risk factors, including
smoking status and physical fitness. In addition,
the present authors intended to assess the
association separately in groups with different
smoking habits. This study presents data from a
population of healthy middle-aged males with
follow-up over 26 yrs.

METHODS

Study subjects

In 1972, all healthy males aged 40-59 yrs from
five companies in Oslo, Norway, were invited to
a CV screening survey (n=2,341), and 2,014 (86%)
consented to participate. The companies included
Siemens AS, and four from the public sector
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(Norwegian Postal Services, Norwegian Telecom, Norwegian
Customs and Excise, and Norwegian State Railways). The
participants had to be free from known or suspected heart
disease, drug-treated hypertension, diabetes mellitus, malig-
nancy, advanced pulmonary, renal and liver diseases, and
locomotor activity limitation [25].

Examination and measurements

Between August 1972 and March 1975, the participants under-
went an examination programme that included a detailed case
history, chest radiograph, measurement of resting heart rate
and blood pressure, spirometry, a symptom-limited exercise
ECG test, and fasting blood tests [25].

Forced vital capacity (FVC) and FEV1 were measured with a
calibrated Bernstein spirometer, using a standardised proced-
ure [25]. After one trial test, FVC and FEV1 values were
recorded from two successive maximum expiratory man-
oeuvres [26], corrected to body temperature and ambient
pressure and saturated with water vapour, based on daily
room temperature measurements and an assumption of atmos-
pheric pressure of 760 mmHg. Originally, only the mean FEV1
and FVC values were recorded. In order to obtain the
maximum of the two tests, in 2001, the original spirograms
were retrieved and values for both manoeuvres were recorded.
Among 1,999 patients with original spirometry recordings, 75
of the records (72 consecutively numbered) had disappeared in
storage. Thus, 1,924 spirograms were available for review. In a
further analysis, patients with <0.3 L difference between the
two FVC tests (n=1,623) were included [27, 28]. Reference
values for maximum values were derived in the total sample
using multiple linear regression (n=1,623), as follows:

FEV1L=-1.41940.0417 x height incm —0.0429 x ageinyrs (1)
FVCL=-4.099+0.0607 x heightincm —0.0374 x ageinyrs (2)

The symptom-limited exercise test was performed on a
calibrated electrically braked bicycle (Elema-Schénander
AB, Solna, Sweden). The initial workload was 100 W
(600 kpm-min'l) with increments of 50 W (300 kpm) every
6 min, continued until exhaustion unless stopped earlier for
safety reasons [25]. Physical fitness was defined as total work
divided by body weight (in kJ-kg™).

Identification of deaths

Mortality data up to December 31, 1999 were obtained from
Statistics Norway (Oslo, Norway), coded according to the
Eighth and Ninth Revision of the International Classification
of Diseases (ICD-8 and ICD-9) [29, 30]. CV mortality consists
of (ICD-9 codes in parentheses): ischaemic heart disease
(410-414), cerebrovascular disease (430—438), other CV disease
(401404, 420-429, 440-448) and sudden death (798.1). Sudden
death was defined as unexpected or unwitnessed death within
24 h of being seen alive and well, or, if witnessed, within 1 h of
symptom onset. Respiratory mortality consisted of lung cancer
(162), pneumonia (480—487), obstructive lung disease (490-496)
and other respiratory diseases (137, 163). Migration was
minimal in this cohort; only two individuals were not available
in the registry of Statistics Norway at the end of 1999. All
death certificates were reviewed by at least two of the
investigators.
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Statistical analysis

The sample was subdivided into FEV1 % pred quartiles
(Q1-Q4) in order to study the differences in CV and all-cause
mortality that are related to lung function. Baseline values
were compared using the test for trend or Chi-squared test.
Mortality curves according to FEV1 % pred quartile were
created plotting separate Cox proportional hazards models,
adjusted to age 50 yrs. Cox’s proportional hazards regression
models were used to assess the association of FEV1 % pred
with mortality after adjustment for established risk factors for
CV death (age, serum cholesterol, systolic blood pressure) and
potential confounders (smoking habits, physical fitness, body
mass index (BMI)).

Four Cox models were created for the total sample and
separate models for never-smokers, previous smokers and
current smokers, based on baseline smoking status. The results
are presented as relative risks (RR) with 95% confidence
intervals. For FEV1 % pred, the effect of 10% reduction was
modelled. Physical fitness was used as a continuous variable
[31-33], modelling the effect of a change of 0.55 kJ-kg™ (1 sp).
BMI was modelled as a continuous variable that, in the studied
population, contributed to better fitting models than categories
based on quartiles.

Smoking status was categorised as never-smokers, former
smokers, 1-10 cigarettes per day, and >10 cigarettes per day.
Smoking status from a follow-up study after ~8 yrs was
available for 1,423 of the 1,623 individuals (88%) with
acceptable spirometry. The exact dates of the events were
used for censoring in the models. In the Cox models, smoking
status was included as a time-dependent covariate, assuming
that changes in smoking status appeared at the midpoint of
time between the two assessments. For subjects without
follow-up smoking status, unchanged smoking status was
assumed.

In stratified analysis according to baseline smoking status, the
two classes of smokers were aggregated into current smokers.
For current smokers, pack-yrs were calculated using reported
smoking volume at the study start as the average volume for
the period (midpoint of the intervals 1-5, 6-10, 11-15, 16-20
and 21-25 cigarettes-day™, and 28 cigarettes-day™ for those
reporting >25 cigarettes-day™). In the analysis of respiratory
mortality, there were too few events among never-smokers
(nine deaths) and former smokers (16 deaths) to justify
separate analyses for these groups.

The proportional hazards assumption was checked using plots
of the hazard function, log-log of the hazard function, and a
test for proportional hazard [34]. A 5% significance level was
chosen, using two-tailed tests.

RESULTS

Acceptable spirometric recordings, according to the current
authors’ criteria, were available in 1,623 of the 2,014 apparently
healthy males (84% of the 1,924 spirograms reviewed). The
sample mean+sb age was 49.8455 yrs, and the mean
unadjusted FEV1 was 3.50+0.75 L. Table 1 presents patient
characteristics according to the quartiles of FEV1 % pred (Q1
with the lowest, and Q4 with the highest values for FEV1 %
pred). There was an association between FEV1 % pred with
other spirometric indices, physical fitness and smoking history,
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1y-\:{18S8 B Baseline subject characteristics according to quartile of relative forced expiratory volume in one second (FEV1)

Quartile of relative FEV+ p-values”
1 2 3 4

FEV1 % pred cut-off <89.00 89.01-100.89 100.90-112.16 >112.16
Patients n 405 406 406 406
FEV1 % pred 75.7+12.8 95.3+3.3 106.6+3.2 121.948.9 <0.001
FEV1 L 2.66+0.56 3.38+0.39 3.72+0.41 4.25+0.55 <0.001
FVC % pred 85.1+13.0 97.0+9.0 104.4+7.9 114.14+10.7 <0.001
FVC L 3.82+0.73 4.40+0.61 4.67+0.57 510+0.71 <0.001
FEV1/FVC % 69.8+10.5 77.4+7.2 80.0+6.5 83.7+7.3 <0.001
Age yrs 50.0+5.4 49.2+5.4 50.0+5.7 50.2£5.5 0.27
Height cm 17717 177+6 176+6 177+6 0.65
Body mass index kg-m'2 245431 245127 24.7+27 247425 0.06
Systolic blood pressure mmHg 130+ 19 130+ 18 131+17 131+17 0.11
Physical fitness kJ-kg™ 1.2040.45 1.4040.52 1.5634+0.56 1.5684+0.57 <0.001
Serum cholesterol mmol-L" 6.7+1.3 6.6+1.2 6.6+1.2 6.5+1.2 0.21
Smoking status % <0.001"

Never-smoker 17 23 30 29

Previous smoker 24 32 33 39

Current smoker

1-10 cigarettes-day’ 19 19 12 14
>10 cigarettes-day™’ 40 27 25 18

Current smokers only n 239 184 151 130

Number of pack-yrs 222+11.0 19.84+10.8 18.949.3 16.7+£91 <0.001

Data are presented as n and mean+sb, unless otherwise stated. FVC: forced vital capacity. #: test for trend; ': Chi-squared test. n=1,623.

1.\-18 Sl Age-adjusted cardiovascular, respiratory and all-cause mortality rates in 1,623 males over 26 yrs according to baseline
smoking status and quartile of relative forced expiratory volume in one second (FEV1)

Quartile of relative FEV1

1 2 3 4
Never-smokers n 68 93 121 116
Cardiovascular 15.6 17.5 14.9 21.9
Respiratory 3.0 27 25 1.6
All causes 35.9 34.6 30.4 32.6
Former smokers n 98 129 134 160
Cardiovascular 22.0 11.6 11.8 12.7
Respiratory 7.4 &3 1.5 1.8
All causes 45.0 24.6 26.6 24.2
Current smokers n (1-10 cigarettes-day™) 78 75 50 57
Cardiovascular 245 22.6 28.4 171
Respiratory 10.6 4.0 9.6 3.9
All causes 461 35.7 49.4 38.5
Current smokers n (>10 cigarettes-day™) 161 109 101 73
Cardiovascular 23.3 26.1 252 151
Respiratory 17.9 6.5 6.0 131
All causes 56.1 53.4 48.2 34.2
Total n 405 406 406 406
Cardiovascular 21.8 19.2 18.2 21.6
Respiratory 11.5 41 3.9 3.9
All causes 48.0 37.0 36.0 29.9

Data are presented as %, unless otherwise stated.
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FIGURE 1. Cumulative age-adjusted mortality according to quartile of relative
forced expiratory volume in one second among 1,623 males over 26 yrs. Quartile 1
(lowest): — -+ —; quartile 2: ----; quartile 3: ——; quartile 4: «-++---- .

but no difference in age or systolic blood pressure between
patients classified according to quartile of FEV1 % pred.

At the follow-up examination after, on average, 8 yrs (n=1,423,
88% of the cohort), 6% of never-smokers had started smoking
(21 out of 356), 10% of ex-smokers had started smoking again
(47 out of 484), and 32% of the baseline smokers reported that
they had quit smoking (185 out of 583).

After an average 26 yrs of follow-up (range 25-27 yrs), a total
of 42,262 man-yrs, 615 (38%) men had died, of whom 308 (50%)
had died from CV diseases. In the total sample, the correlation
between FEV1 % pred and the physical fitness measure was
0.23 (p<<0.001; Pearson’s correlation), and was -0.21 between

1y \:{B=3&8 Cause of death during the 26-yr study period
according to the forced expiratory volume in one
second (FEV1) % predicted quartile

Quartile of relative FEV1

1# 2" 3" 4¢

Cardiovascular

Ischaemic heart disease 40 (9.9) 40 (9.9) 36 (8.9) 35 (8.6)

Sudden death 28 (6.9) 20 (49 20 (4.9) 17 (4.2)

Cerebrovascular disease 10 (2.5) 10 (2.5) 8 (2.0) 14 (3.4)

Other 1 (2.7) 6 (1.5) 10 (2.5) 3(0.7)
Respiratory

Lung cancer 20 (4.9 6 (1.5) 7 (1 9 (2.2

Pneumonia 10 (2.5) 8 (2. 8 (2 6 (1.

Obstructive lung diseases 15 (3.7) 2 (0. 10 2 (0.5

Other respiratory 2 (0.5) 0 0 0
Gastrointestinal cancer 18 (4.4) 15 (8.7) 19 (4.7) 12 (8.0
Other cancer 14 (3.6) 17 (4.2) 19 (4.7) 16 (3.9)
Miscellaneous 21 (5.2) 20 (4.9 14 (3.4) 9 (2.2
Unknown 7(1.7) 2 (0.5) 5(1.2) 3(0.7)
All causes 196 (48.4) 146 (36.0) 147 (36.2) 126 (31.0)

Data are presented as n (%). #: n=405; 1: n=406; *: n=406; *: n=406.
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FEV1 % pred and smoking history (p<<0.001; Spearman’s rank
correlation). Age-adjusted mortality from all causes and
respiratory causes was higher in the lowest quartile of FEV1
% pred (Q1) compared with the other quartiles. For all-cause
mortality in the total sample, there was a decreasing trend in
mortality from the lowest to the highest quartile (table 2).

In never-smokers, there was little association between FEV1 %
pred both for CV and all-cause mortality (table 2). Among
former smokers, the mortality was higher for CV, respiratory
and all causes in Q1 of FEV1 % pred compared with the other
three quartiles (table 2). Smokers presented with a less clear
association between the quartile of FEV1 % pred and mortality.
Current smokers had higher mortality rates than current
nonsmokers for CV, respiratory and all-cause mortality
(table 2).

Age-adjusted cumulative mortality from all causes was highest
in the first quartile of relative FEV1, with a decreasing trend in
mortality from the lowest to the highest quartile (fig. 1). There
was an increased mortality from lung cancer and obstructive
lung diseases among those in the lowest quartile of FEV1 %
pred (table 3), but little difference in ischaemic heart disease or
cerebrovascular disease between the groups.

In the total sample, Cox regression analysis showed that, after
adjusting for age, smoking habits, systolic blood pressure,
cholesterol, physical fitness and BMI, the RR of all-cause
mortality was 1.10 (p<<0.001) for a decrease in FEV1 % pred of
10% (table 4). The increased mortality risk of a decrease in
FEV1 % pred of 10% was similar for CV mortality (RR 1.10;
p=0.04) and slightly higher for respiratory mortality (RR 1.34;
p<0.001) after adjusting for the same variables.

Both CV and all-cause mortality increased with smoking,
although ex-smokers had a statistically nonsignificantly lower
all-cause and cardiovascular mortality than never-smokers.
BMI increase was associated with increased CV mortality
(table 4).

In the stratified analysis of current smokers, a reduction in
FEV1 % pred of 10% was associated with an 8% increase in all-
cause mortality (RR 1.08; p=0.007) after adjusting for age,
smoking habits (pack-yrs), systolic blood pressure, BMI, serum
cholesterol and physical fitness (table 5). There was little
association of FEV1 % pred with CV mortality. Among current
smokers, smoking intensity in pack-yrs was only associated
with all-cause mortality, but not with CV mortality (table 5). In
former smokers, FEV1 % pred was associated with all-cause
mortality (RR 1.18; p<<0.001) and CV mortality (RR 1.17;
p=0.01) in multivariate analysis (table 5). In never-smokers,
FEV1 % pred was associated with all-cause mortality, but not
with CV death, after adjusting for other potential predictors
(table 5).

DISCUSSION

Among apparently healthy middle-aged males, lung func-
tion, measured as FEV1 % pred, predicted all-cause and CV
mortality during 26 yrs of follow-up, although more so for
all-cause mortality than CV mortality. Low FEV1 % pred
predicted independently of age, smoking status, an objective
measure of physical fitness, systolic blood pressure, serum
cholesterol and BML.
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Cardiovascular
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(RR) of death” for a reduction in relative forced expiratory volume in one second (FEV1) of 10%

Respiratory All causes

RR (95% CI) p-value RR (95% CI) p-value RR (95% CI) p-value
FEV1 % pred, decrease of 10% 1.07 (1.00-1.14) 0.04 1.34 (1.21-1.49) <0.001 1.10 (1.06-1.15) <0.001
Physical fitness, increase of 0.85 (0.73-1.00) 0.05 0.71 (0.52-0.98) 0.04 0.82 (0.71-0.89) <0.001
0.55 kJ-kg™ (1 sp)
Smoking, smoking status versus
never-smoker
Former smoker 0.83 (0.60-1.14) 0.25 1.82 (0.82-4.02) 0.14 0.93 (0.74-1.16) 0.51
1-10 cigarettes-day’ 1.74 (1.22-2.48) 0.002 3.26 (1.39-7.67) 0.007 1.61 (1.23-2.09) <0.001
>10 cigarettes-day’ 1.66 (1.19-2.31) 0.002 6.05 (2.82-12.96) <0.001 1.94 (1.54-2.46) <0.001
Serum cholesterol, increase 1.18 (1.07-1.31) 0.001 0.97 (0.81-1.17) 0.77 1.07 (1.00-1.15) 0.06
of 1 mmol-L™
BMI, increase of 1 kg-m2 1.05 (1.01-1.10) 0.02 1.00 (0.92-1.08) 0.92 1.02 (0.99-1.06) 017

RR: relative risk; Cl: confidence interval; % pred: % predicted; BMI: body mass index. Cox regression analysis was performed with smoking status as a time-dependent

covariate. *: after also adjusting for age and systolic blood pressure. n=1,623.

Subgroup analysis indicated an association between low FEV1
% pred and increased all-cause mortality among both current
smokers and previous smokers, but not among nonsmokers.
Additionally, low FEV1 % pred was associated with increased
death from respiratory causes among current smokers and
with CV death among previous smokers.

These findings are in agreement with previous reports [1-9, 13]
and demonstrate increased mortality with decreasing lung

function. The association of lung function with CV mortality
has been less consistent than all-cause mortality, as has also
been observed in several other studies [2, 9, 11, 35]. In the
present study, an increase in RR of 1.10 for a decrease of 10% in
FEV1 % pred was also found, as in the Busselton, Copenhagen
and National Health and Nutrition Examination Survey
(NHANES)1 Epidemiological Follow-up Study (NHEEFES) stu-
dies [4, 21, 36, 37], despite the fact that the current authors had
adjusted for additional variables, including physical fitness. A

17-\:]HFEN Relative risk of death™ for a reduction in relative forced expiratory volume in one second (FEV1), stratified after baseline

smoking status”

Cardiovascular

Respiratory All causes

RR (95% CI) p-value RR (95% CI) p-value RR (95% CI) p-value
Never-smokers™
FEV1 % pred, decrease of 10% 0.93 (0.81-1.08) 0.34 Too few events”# 1.01 (0.91-1.11) 0.92
Physical fitness, increase of 0.55 kJ-kg™" (1 sp) 0.82 (0.61-1.11) 0.19 0.79 (0.63-0.99) 0.04
Serum cholesterol, increase of 1 mmol-L™ 1.25 (1.02-1.54) 0.03 1.06 (0.91-1.24) 0.43
BMI, increase of 1 kg-m™ 1.05 (0.96-1.15) 0.28 1.02 (0.95-1.09) 0.56
Former smokers®
FEV1 % pred, decrease of 10% 1.17 (1.03-1.31) 0.01 Too few events? 1.18 (1.09-1.28) <0.001
Physical fitness, increase of 0.55 kJ-kg™ (1 sb) 1.14 (0.84-1.53) 0.40 0.98 (0.80-1.21) 0.85
Serum cholesterol, increase of 1 mmol-L™ 1.31 (1.06-1.62) 0.01 1.27 (1.10-1.47) 0.001
BMI, increase of 1 kg:m™ 1.20 (1.10-1.31) <0.001 1.09 (1.02-1.16) 0.007
Current smokers’
FEV1 % pred, decrease of 10% 1.05 (0.96-1.14) 0.28 1.28 (1.12-1.45) <0.001 1.08 (1.02-1.15) 0.007
Physical fitness, increase of 0.55 kJ-kg™" (1 sb) 0.76 (0.59-0.97) 0.03 0.77 (0.52-1.13) 0.18 0.78 (0.66-0.93) 0.006
Smoking, increase of 5 pack-yrs 1.04 (0.97-1.12) 0.24 1.16 (1.04-1.29) 0.006 1.09 (1.03-1.14) 0.001
Serum cholesterol, increase of 1 mmol-L™ 1.11 (0.97-1.26) 0.14 0.93 (0.75-1.16) 0.52 1.01 (0.92-1.11) 0.89
BMI, increase of 1 kg:m™ 1.00 (0.94-1.05) 0.88 1.01 (0.93-1.10) 0.84 1.00 (0.96-1.04) 0.99

RR: relative risk; Cl: confidence interval; % pred: % predicted; BMI: body mass index. #: after also adjusting for age and systolic blood pressure; ': n=1,623; *: n=398; *:

n=521; }: n=704; ##: n=9; 1. n=16.
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notable finding in the current study was that there was
little association between FEV1 % pred and mortality among
never-smokers, also noted in some studies of CV mortality and
morbidity [21, 38], but not in all studies [4, 24, 36].

Some of the differences in reported results between studies
might be caused by differences in endpoints or methods to
adjust for age, height or smoking, or the interaction of smoking
with other risk factors [24]. There is no consensus on how to
model different aspects of smoking history, including defin-
itions of current and ex-smokers, and how to accommodate the
duration and intensity of smoking in statistical models [39].
Moreover, it is difficult to separate the effects of age at
initiation, duration of smoking, and time since cessation
among ex-smokers because of problems with multicollinearity
[39].

Attention has been paid to the association of FEV1 with
mortality, because this lung function parameter is more
reproducible and less effort dependent than, for example,
FVC and peak expiratory flow [40], and, moreover, it is
considered to be the lung function variable that best predicts
mortality [41]. Most previous studies of the association
between lung function and mortality have used FEV1 % pred
as the measure of lung function [13, 21, 41, 42], although some
studies have reported similar associations of FVC with CV
mortality, for instance in the Framingham study [5], or
assessed the association of peak expiratory flow with mortality
[22, 23].

Relative FEV1 and rate of change in relative FEV1 are
associated with reduced self-reported physical activity in the
general population [18, 20]. Self-reported physical activity has
also been included as a covariate in longitudinal studies of the
association between FEV1 and mortality [22, 23]. However,
previous reports of the capacity of relative FEV1 to predict all-
cause or CV mortality have not adjusted for objective measures
of physical fitness, such as those used in this study. In males
<65 yrs of age, an objective measure of cardiorespiratory
fitness was a stronger predictor of coronary events than leisure
time physical activity [43]. This negative impact of physical
fitness on mortality is well known [31-33]. In the present
study, the association of physical fitness with all-cause
mortality was more pronounced among current smokers than
among former smokers.

The pathogenesis for the association between lung function
impairment and increased CV mortality is unknown, although
many explanations have been proposed. A low FEV1 % pred
may be a marker of physiological abnormalities that predis-
pose for mortality, and might influence case fatality in various
situations. There is a complex interplay between some of the
risk factors for CV mortality, such as BMI, smoking, serum
cholesterol and blood pressure. It is well known that hyper-
tension is more common in obese than in lean persons, that
smokers on average have a lower BMI than nonsmokers, and
that smoking cessation is frequently followed by weight
increase [44]. Hence, smoking contributes to CV mortality,
but counteracts another CV risk factor, obesity [45]. Some of
the risk factors are modifiable through interventions, such as
physical fitness, smoking and serum cholesterol. Lung function
is not modifiable by training or interventions; however,

EUROPEAN RESPIRATORY JOURNAL
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smoking cessation [46] can influence the rate of decline and,
hence, lead to a reduction in mortality [47]. Findings of higher
levels of inflammatory markers among persons with lower
lung functions indicate that another possible mechanism for
increased coronary heart disease could be through a systemic
inflammatory response [17, 24].

Some limitations of the current study must be mentioned. The
sample was an occupational cohort, which might experience
favourable survival rates compared with a general population
sample because of a possible healthy-worker effect. This could
limit the generalisability of the current findings. The cohort
consisted only of males. No information about the socio-
economic status of the individuals in the studied sample was
available, which is associated with lung function and mortality
[19, 48, 49].

The current authors’ data show that smoking habits changed
considerably during the first 8 yrs of follow-up. The analyses
were adjusted for smoking history after 8 yrs and separate
models were created according to baseline smoking status. A
relationship between lung function, smoking and mortality
might also be nonlinear.

The finding of no association of lung function with all-cause
and CV mortality in never-smokers is interesting and lends
support to possible residual confounding; however, the sample
of never-smokers was too small to fully evaluate this. Reduced
lung function might reflect unrecognised cardiac failure,
although, with the current authors’ inclusion criteria, unrecog-
nised latent heart failure ought to be rare. Moreover, there are
clinical, electrocardiographical and radiological follow-up data
that do not support that latent heart failure could explain even
part of these findings (data not shown). A positive exercise test
(ST depression >0.1 mV on the exercise ECG) was found in 5%
of the subjects, but this finding was also unrelated to low FEV1
% pred. Hence, it is unlikely that latent heart failure or
coronary ischaemia at rest was related to low FEV1 % pred.

In conclusion, in the present 26-yr prospective follow-up
study, it has been shown that forced expiratory volume in one
second % predicted was an independent predictor of all-cause,
respiratory and cardiovascular mortality after adjusting for
smoking history, physical fitness and well-established risk
factors. However, there was little association of forced
expiratory volume in one second % predicted with cardiovas-
cular and all-cause mortality among nonsmokers.
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