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ABSTRACT
Background Reduced forced expiratory volume (FEV1)
and forced vital capacity (FVC) are risk factors for
myocardial infarction (MI) and stroke. However, the
relationship with incidence of heart failure (HF) is
incompletely known. This population-based study
explored whether reduced FEV1 or FVC is associated with
the incidence of hospitalisation for HF.
Methods 20 998 men (mean age 43 years) with no
history of MI or stroke were examined with spirometry in
1974e84. The incidence of hospitalisation due to HF
was studied over a mean follow-up of 23 years in
relation to age- and height-adjusted FEV1 and FVC.
Results 725 incident HF hospitalisations occurred during
the follow-up period, 503 of them without a previous or
concurrent diagnosis of MI. In non-smokers the risk
factor-adjusted hazard ratio (HR) for HF hospitalisation
was 1.25 (95% CI 1.11 to 1.40) and 1.26 (95% CI 1.13 to
1.42), respectively, per 1SD lower FEV1 and FVC. The
corresponding risk factor-adjusted HRs in smokers were
1.32 (95% CI 1.21 to 1.45) and 1.22 (95% CI 1.11 to
1.33), respectively, for FEV1 and FVC. This relationship
was consistent in men with and without hypertension, in
men above and below the median age of 44 years and
for HF events without previous or concurrent MI.
Exclusion of cases with a diagnosis of chronic obstructive
pulmonary disease during the follow-up period did not
substantially change the results.
Conclusion In this long-term population-based study of
men, moderately reduced FEV1 and FVC were associated
with an increased incidence of hospitalisations due to HF.

INTRODUCTION
Reduced lung function, measured by forced expi-
ratory volume in 1 s (FEV1) or forced vital capacity
(FVC), is a risk factor for cardiovascular disease
(CVD). Low FEV1 and FVC within the normal
range have been associated with the incidence of
myocardial infarction (MI), stroke and asymptom-
atic atherosclerosis in the carotid and leg
arteries.1e6 However, whether low FEV1 or FVC is
similarly associated with the incidence of heart
failure (HF) is unclear.
HF is a multifactorial disorder with several

systemic manifestations which could be the result
of different disease processes that reduce cardiac
function.7e9 Reduced lung function is one of the
systemic effects, and it has been known for many
years that HF results in reduced lung volumes.10e12

However, the temporal and causal relationships
between lung function and HF are unclear. In
a population-based study of elderly people aged
>65 years, low FEV1 was associated with an
increased incidence of HF independently of other
major risk factors.13 Similar relationships were

reported from the Framingham study,10 but not in
the study of ‘Men born in 1913’.14 It is largely
unknown whether moderately reduced FEV1 or
FVC in apparently healthy young or middle-aged
subjects could be a risk factor for developing HF.
The Malmö Preventive Project includes approxi-

mately 21 000 apparently healthy men with infor-
mation on lung function and other cardiovascular
risk factors. The cohort was examined at a mean
age of 43 yearsdthat is, at an age when HF is very
unusual in men from the general population. The
purpose of this follow-up was to explore whether
FEV1 and FVC are associated with the incidence of
hospitalisations due to HF.

METHODS
Between 1974 and 1984, 22 444 men participated in
a screening programme for detection of individuals
with a high risk for CVD.15 Complete birth cohorts
from the city of Malmö were invited to a health
examination which included blood tests and
a comprehensive questionnaire. The participation
rate was 71%. It has been reported that cardiovas-
cular mortality was higher and that the incidence
of non-fatal MI was lower in non-participants.15

Of the 22 444 men, information about FEV1 and
FVC was available in 21 185 men. Subjects with
missing information about blood pressure (n¼13),
blood lipids (n¼54) and body mass index (BMI)
(n¼2) were excluded. To reduce the possibility that
pre-existing heart disease reduced the lung volumes,
we also excluded men with a history of MI or
stroke (n¼114) and subjects with a hospital diag-
nosis of HF before the baseline examination (n¼5).
A total of 20 998 men remained after the exclusions.
The mean (SD) age was 43.4 (6.6) years (range
27e61).

Baseline examinations
Subjects were categorised into smokers and non-
smokers. The smokers were categorised into
consumers of up to 9 cigarettes per day, 10e19
cigarettes per day and a daily consumption of $20
cigarettes.
BMI was calculated as weight/height2 (kg/m2).
Blood pressure (mm Hg) was measured twice in

the right arm after 10 min of rest. The average of
two measurements was used. A sphygmomanom-
eter and a rubber cuff of appropriate size were used.
Use of antihypertensive medication was assessed in
a questionnaire. Hypertension was defined as
systolic blood pressure $140 mm Hg and/or
diastolic blood pressure $90 mm Hg and/or phar-
macological treatment for hypertension.
Physical inactivity in spare time was assessed

using the question: ‘Are you mostly engaged in
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sedentary activities in spare time, for example, watching TV,
reading, going to the movies?’.16 Subjects who confirmed
a doctor ’s diagnosis of angina pectoris or who used nitrates were
considered to have angina pectoris.16

Blood samples were taken after an overnight fast. Leucocyte
counts were analysed using an automatic counter according to
the standard methods at the hospital laboratory. Serum choles-
terol, triglycerides and blood glucose were similarly analysed
with standard methods at the hospital laboratory. Men with
fasting whole blood glucose $6.1 mmol/l and those who
reported treatment for diabetes were considered diabetic. Infor-
mation on diabetes was missing for 74 (0.4%) individuals. This
group was coded in a separate category to keep them in the
multivariate analysis.

High alcohol consumption was assessed by means of the
modified shortened version of the Michigan Alcoholism
Screening Test.17 Men with more than two (of nine) affirmative
answers were considered to have high alcohol consumption.16

FVC and FEV1 were measured using a Spirotron apparatus
(Drägerwerk AG, Lübeck, Germany) with the subjects in
a standing position without noseclips. Specially trained nurses
performed the tests. One acceptable manoeuvre with respect to
the subject’s performance and cooperation was required. The
volumes were standardised for age and height using equations
derived from linear regressions of 3467 male never smokers in the
present cohort.18 19 The following equations were used:

Predicted FEV1 (l)¼4.422 3 height (m) � 0.038 3 age � 2.48
Predicted FVC (l)¼6.58 3 height (m) � 0.033 3 age � 5.54
Predicted FEV1/FVC (%)¼1.156 � 0.1556 3 height (m) �
0.002025 3 age
Age and height were essentially unrelated to the lung volumes

after adjustments. FEV1 and FVC are expressed as percentage of
the predicted values.

Occupation and marital status
Information on marital status and occupation was retrieved by
data linkage with national census registers.20 High and medium
level non-manual workers and self-employed men were cate-
gorised as ‘high’ occupational groups. Low level non-manual
workers, manual workers and unspecified occupational groups
(early retired men, students, unemployed) were categorised as
‘low’ occupational groups. The subjects were further categorised
into single (divorced, widowers or unmarried) men or married
(married or cohabiting) men.20 Information on occupation level
and marital status was missing in 181 (0.9%) and 56 (0.3%) of
the men, respectively. These groups were coded into separate
categories to keep them in the multivariate analysis.

Follow-up
In the primary analysis, all men were followed from the baseline
examination until first hospitalisation due to HF, death, emigra-
tion from Sweden or 31 December 2004, whichever came first.
Subjects with a hospital discharge diagnosis of HF (codes 427.00,
427.10, 428.99, International Classification of Diseases, ICD-8),
428 (ICD-9) and I50 or I11.0 (ICD-10)) were considered to have
HF if the diagnosis was listed as the primary diagnosis. In
a secondary analysis, subjects with non-fatal MI were followed
until the day of the infarction and censored thereafter. A non-fatal
MI was defined as code 410 or I21 according to ICD-9 or ICD-10.

Since low lung function is a major risk factor for developing
chronic obstructive pulmonary disease (COPD), and COPD
hypothetically could increase the probability of being hospital-
ised and having a diagnosis of HF, an additional analysis was
performed in which subjects who developed COPD were

followed until the first diagnosis of COPD, listed as one of the
first three diagnoses,18 and censored after that.
The Swedish Hospital Discharge Register was used for case

retrieval and the Swedish population register was used for
information on emigration and mortality during the follow-up.
A validation study has shown that a primary diagnosis of HF in
the Swedish Hospital Discharge Register has a validity of 95%.21

Statistical analysis
One-way analysis of variance (for continuous variables) and
logistic regression (for dichotomous variables) was used for
cross-sectional analyses of the risk factor distribution over the
quartiles of FEV1. The KaplaneMeier test with log rank statis-
tics was used to study the incidence of HF hospitalisations for
quartiles of lung function. Cox proportional hazards regression
was used to calculate risk factor-adjusted hazard rates (HR).
Cardiovascular risk factors that were associated with FEV1 at the
baseline examination were selected as covariates in the multivariate
analysis. Age, cholesterol, triglycerides (log-normalised), systolic
blood pressure and BMI were fitted as continuous variables.
Smoking, antihypertensive treatment, high alcohol consumption
and physical inactivity were fitted as dichotomous variables. Three
categories were used for low occupation level, married/cohabiting
and diabetes (yes, no, missing). The fit of the proportional hazards
model was checked visually by plotting the incidence rates over
time and by entering time-dependent variables into the model. The
covariate-adjusted Cox analysis was performed separately in
smokers and non-smokers. Finally, the relationship between lung
function and HF was explored for cases without a history of MI
during the follow-up period and after censoring men who were
diagnosed with COPD before the onset of HF.

RESULTS
Study cohort
In terms of unadjusted volumes, mean6SD FEV1 was 3.760.75 l
and 3.460.76 l, respectively, in non-smokers and smokers. FVC
was 4.760.89 l and 4.460.90 l, respectively. Expressed as
a percentage of the predicted values, mean6SD FEV1 was
99617% in non-smokers and 91617% in smokers, and
mean6SD FVC was 99616% in non-smokers and 94616% in
smokers. FEV1 was 94618%, 91617% and 88617%, respec-
tively, in smokers with consumption of <10, 10e19 and $20
cigarettes per day.
The baseline characteristics of the study population are

shown in table 1 in relation to quartiles of FEV1. All major
cardiovascular risk factors showed significant relationships with
FEV1.

Incidence of HF in relation to lung function
During the mean follow-up period of 23.065.5 years, 725 men
were admitted to hospital with a primary diagnosis of HF. Of
these, 222 had been admitted with a primary diagnosis of MI
before the HF event. Low FEV1 and low FVC were significantly
associated with the incidence of HF. This relationship was
consistent in smokers and non-smokers, also after adjustments
for cardiovascular risk factors (figures 1 and 2 and table 2). FEV1/
FVC (% predicted) in the lowest quartile was associated with HF
hospitalisations in smokers. There was no relationship between
FEV1/FVC and the incidence of HF in non-smokers.
A total of 503 cases had HF without MI before or concurrent

with the diagnosis of HF. The relationship between low lung
function and incidence of HF was even stronger for these cases
(table 3).

634 Thorax 2010;65:633e638. doi:10.1136/thx.2010.135392

Epidemiology

 on A
pril 16, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2010.135392 on 13 July 2010. D

ow
nloaded from

 

http://thorax.bmj.com/


The death rates were also higher in subjects with low lung
function. In non-smokers (1591 deaths), the death rates (per
1000 person-years) were 5.8, 5.7, 5.7 and 9.1, respectively, for the
4th, 3rd, 2nd and 1st quartiles of FEV1. In smokers (2909 deaths)
the death rates were 9.3, 10.6, 11.6 and 16.2, respectively, in the
quartiles of FEV1.

An additional analysis was performed in which patients were
also censored if they had COPD listed as a hospital diagnosis
during the follow-up period. A total of 263 incident cases of HF
remained among the non-smokers and 371 cases remained
among the smokers. After adjustments for risk factors, the
relationship between FEV1 and the incidence of HF was 1.16 per
1SD (95% CI 1.02 to 1.30) in non-smokers and 1.18 (95% CI 1.06
to 1.31) in smokers. The HRs for FVC were 1.19 per 1SD (95%
CI 1.05 to 1.34) in non-smokers and 1.14 (95% CI 1.03 to 1.26) in
smokers. FEV1/FVC was not associated with HF in this analysis

in non-smokers (HR per 1SD 1.00; 95% CI 0.88 to 1.14) or
smokers (HR 1.07; 95% CI 0.97 to 1.17).

Analyses stratified by hypertension and age
The relationships between FEV1 and FVC, respectively, and the
incidence of HF hospitalisations are shown in table 3, stratified
by smoking, age and hypertension. The relationships with the
incidence of HF were consistent in these subgroups.
The relationship between low lung function and the incidence

of HF seemed to be even stronger for cases of HF without
previous MI (table 3).

Adjustments for leucocyte concentrations
Information about leucocyte concentrations was available in
a subgroup of 15 929 men, 586 of whom were admitted to
hospital with HF during the follow-up period. This subgroup

Table 1 Baseline characteristics of the study cohort in relation to quartiles of forced expiratory volume in 1 s (FEV1)

Q4 (high) Q3 Q2 Q1 (low) ptrend All men

N 5249 5250 5250 5249 20998

FEV1, % predicted >106 95e106 84e95 <84 95618

Age, years 43.966.5 43.066.6 42.866.7 44.166.7 0.32 43.466.6

Height, cm 17766.7 17766.7 17766.7 17766.9 0.76 17766.7

Current smoking, % 36.0 43.9 53.8 64.4 <0.001 49.5

>20 cigs/day, % of smokers 19.4 23.6 28.5 33.1 <0.001 27.3

Diabetes, % 3.9 4.6 4.2 6.7 <0.001 4.8

Systolic BP, mm Hg 127614 127614 126615 128616 <0.001 127615

Diastolic BP, mm Hg 85.069.1 85.169.4 85.169.6 86.2610 <0.001 85.4610

Antihypertensive treatment, % 3.1 3.5 3.6 4.9 <0.001 3.8

Cholesterol, mmol/l 5.561.0 5.661.0 5.661.1 5.761.1 <0.001 5.661.1

Triglycerides, mmol/ly 1.21 1.27 1.33 1.42 <0.001 1.31

BMI, kg/m2 24.563.0 24.663.2 24.663.3 24.963.7 <0.001 24.663.3

Physical inactivity, % 46.1 50.7 54.4 59.0 <0.001 52.6

Low occupation level, % 56.3 57.7 60.8 66.2 <0.001 60.2

Married, % 70.6 72.0 69.8 66.4 <0.001 69.7

High alcohol consumption, % 15.6 16.8 18.7 20.7 <0.001 18.0

Angina pectoris, % 1.0 1.0 1.0 2.0 <0.001 1.3

Leucocytes, 109/l* 5.761.8 5.961.9 6.262.0 6.562.1 <0.001 6.162.0

*Leucocyte measurements were available in a subcohort of 15 929 men.
yTriglycerides are shown as geometric means.
BMI, body mass index.
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Figure 1 Incidence of hospitalisations for heart failure in non-smokers
in relation to quartiles of forced expiratory volume in 1 s.
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Figure 2 Incidence of hospitalisations for heart failure in smokers in
relation to quartiles of forced expiratory volume in 1 s.
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was somewhat older (43.765.5 vs 42.569.3 years) and more
often smokers (51% vs 45%) than those without information on
leucocytes. The relationship between FEV1 and FVC, respec-
tively, and the incidence of HF was only marginally reduced by
adjustments for leucocytes, and the associations remained
significant in smokers and non-smokers. For example, in non-
smokers the HR for 1SD lower FEV1 was 1.25 (95% CI 1.10 to
1.42) after adjustments for risk factors and 1.24 (95% CI 1.09 to
1.42) after further adjustments for leucocytes; the corresponding
HRs for FVC were 1.26 (95% CI 1.11 to 1.44) and 1.26 (95% CI
1.10 to 1.44), respectively.

DISCUSSION
Even though reduced FEV1 and FVC are well-known risk factors
for CVD, the relationship between lung function and the inci-
dence of HF is incompletely known. In this population-based
study of men without a history of MI or stroke, reduced
volumes of FEV1 or FVC were significantly associated with the
incidence of HF requiring admission to hospital. This relation-
ship was consistent in smokers and non-smokers, in men with
and without hypertension and in men above and below the
median age of 44 years. Pulmonary obstruction as measured by
the FEV1/FVC ratio was associated with HF hospitalisations in
smokers only.

The results are in accordance with a study of older subjects13

and the results from the Framingham study in which lung
function was measured shortly before the HF diagnosis.10

Correlations between echocardiographic measures of left
ventricular function and measures of airway obstruction were
recently reported in a cross-sectional study.22 However, there
was no relationship between lung function and the incidence of
HF in the study ‘Men Born in 1913’.15 After adjustments for age
and sex, COPD was not associated with echocardiographic
findings in the Copenhagen Heart Study.23 The present results
add to the current knowledge by demonstrating that reduced
lung function is a very early risk factor which is predictive even
in young age groups when very few people have cardiac failure,
many years before the cases are hospitalised with HF. The
present results persisted after adjustments for several risk factors
including biological, socioeconomic and lifestyle factors, and the
results could not be explained by relationships between lung
function and the incidence of MI.
It has previously been shown that moderately reduced lung

function is associated with the incidence of MI, stroke and
subclinical atherosclerosis.1e6 However, the relationships with
the incidence of HF are more complex and involve some meth-
odological issues that need to be discussed. Patients with HF and
those with COPD often show similar symptoms, and

Table 2 Incidence of hospitalisations for HF in relation to measures of lung function in non-smokers and smokers

Q4 (high) Q3 Q2 Q1 (low) ptrend HR per 1SD*

Non-smokers

FEV1
N 3359 2943 2428 1870

HF (n) 79 63 63 77

Age-adjusted 1.00 1.03 (0.74 to 1.44) 1.29 (0.93 to 1.80) 1.95 (1.42 to 2.66) <0.001

Risk factors 1.00 0.89 (0.64 to 1.25) 1.05 (0.75 to 1.47) 1.47 (1.07 to 2.02) 0.015 1.25 (1.11 to 1.40)

FVC

N 3130 2860 2554 2056

HF (n) 66 66 57 93

Age-adjusted 1.00 1.22 (0.87 to 1.72) 1.22 (0.86 to 1.72) 2.30 (1.68 to 3.15) <0.001

Risk factors 1.00 1.16 (0.82 to 1.63) 1.02 (0.71 to 1.45) 1.72 (1.24 to 2.37) 0.003 1.26 (1.13 to 1.42)

FEV1/FVC

N 2909 2896 2652 2143

HF (n) 82 69 65 66

Age-adjusted 1.00 0.87 (0.63 to 1.20) 0.91 (0.66 to 1.26) 1.06 (0.77 to 1.47) 0.74

Risk factors 1.00 0.87 (0.63 to 1.20) 0.90 (0.65 to 1.25) 1.11 (0.80 to 1.54) 0.58 1.05 (0.93 to 1.19)

Smokers

FEV1
N 1890 2307 2822 3379

HF (n) 50 81 109 203

Age-adjusted 1.00 1.46 (1.02 to 2.07) 1.61 (1.15 to 2.25) 2.41 (1.77 to 3.28) <0.001

Risk factors 1.00 1.35 (0.95 to 1.93) 1.52 (1.09 to 2.13) 2.05 (1.49 to 2.80) <0.001 1.32 (1.21 to 1.45)

FVC

N 2119 2390 2696 3193

HF (n) 65 83 111 184

Age-adjusted 1.00 1.19 (0.86 to 1.65) 1.47 (1.09 to 2.00) 1.91 (1.44 to 2.53) <0.001

Risk factors 1.00 1.13 (0.82 to 1.57) 1.36 (1.00 to 1.85) 1.51 (1.13 to 2.02) 0.002 1.22 (1.11 to 1.33)

FEV1/FVC

N 2340 2354 2598 3106

HF (n) 96 82 98 167

Age-adjusted 1.00 0.94 (0.70 to 1.27) 1.02 (0.77 to 1.36) 1.35 (1.05 to 1.74) 0.009

Risk factors 1.00 0.94 (0.70 to 1.27) 1.07 (0.81 to 1.43) 1.44 (1.12 to 1.86) <0.001 1.18 (1.09 to 1.28)

Risk factors included systolic BP, antihypertensive treatment, cigarettes (smokers only), cholesterol, triglycerides, body mass index, physical inactivity, occupation level, diabetes, angina,
marital status and high alcohol intake.
Median (interquartile limits) are 95% (84, 106) for FEV1, 97% (87, 107) for FVC and 99% (92, 105) for FEV1/FVC.
*Hazard ratios (HR) per 1SD lower FEV1 (18% of predicted values), FVC (16% of predicted values) or FEV1/FVC (11% of predicted values).
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; HF, heart failure.
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misclassification of HF and lung disease is one potential cause of
bias.24 25 Coexisting COPD could also increase the probability of
hospitalisation for a patient with HF. However, since COPD is
strongly linked to smoking, this potential misclassification bias
would be much stronger in smokers than in non-smokers. A
validation study using data from the Swedish Hospital
Discharge Register showed that a diagnosis of HF had very high
accuracy if it was listed as the primary diagnosis.21 To further
reduce the risk of diagnostic misclassification and hospitalisation
bias, we also performed an analysis in which men with a diag-
nosis of COPD were censored. FEV1/FVC was no longer asso-
ciated with HF in smokers, but the relationships between FEV1,
FVC and the incidence of HF were essentially the same. We
therefore think it is unlikely that diagnostic misclassification
could explain the results in this study.

Even though the relationship between reduced lung function
and the incidence of CVD has been known for many years, the
reason for this relationship is still unclear. Both FEV1 and FVC
showed significant relationships with the incidence of HF in this
study. This suggests that the results are related to lung volume
or reduced compliance of the lung or chest wall, rather than to
airway obstruction which would affect FEV1/FVC to a higher
degree than FVC. Since the relationships were also clearly
significant in young non-smokers (aged 27e44 years, mean
38 years), it is possible that the increased risk reflects traits
which are established early in life or factors of genetic origin.
Low birth weight has been associated with both increased
cardiovascular risk and low FEV1 later in life26 27 and could be
a possible link between FEV1 and CVD.

Ischaemic heart disease is a risk factor for HF and one question
is whether this could explain the results. Men with a history of
MI and stroke at baseline were excluded. The relationships were
even stronger for HF cases without a previous or concurrent
diagnosis of MI during the follow-up period. Hence, relation-
ships between reduced lung function and clinical MI could not
explain the results. However, many MIs are silent and it is
possible that some incident cases of HF had a subclinical
infarction.

Blood pressure is another major risk factor for HF. All anal-
yses were adjusted for systolic blood pressure and antihyper-
tensive treatment. We performed separate analyses of men
with normal blood pressure, and low FEV1 or FVC was also
associated with the incidence of HF in this group. It is unlikely
that differences with respect to blood pressure at baseline
confounded the relationship between lung function and the
incidence of HF. However, some studies have reported that low
FVC could be a risk factor for developing hypertension and
diabetes.28e30 In that case, development of hypertension and
diabetes during the follow-up period could be part of the causal
chain between low lung function and HF. This possibility
cannot be excluded. It has also been shown that reduced FEV1

is associated with increased ‘beat-to-beat’ variability of the
systolic blood pressure, even within the normal range of
FEV1.31 Short-term variability in blood pressure is strongly
related to the mechanical effects of breathing and variations in
intrathoracic pressure and could therefore be related to lung
function per se.32 Although blood pressure variability is
a strong cardiovascular risk factor,33 the role of high frequent
‘beat-to-beat’ variations is unclear. Although speculative, it is
possible that increased blood pressure variability could increase
the risk of HF in men with low FEV1.
Increased cardiac size and increased pressure of the pulmonary

circulation are two factors that reduce the lung volumes in
patients with HF. One question is whether the results could be
explained by reverse causationdthat is, whether impaired lung
function could be secondary to cardiac dysfunction. However,
the men in this population study were rather young and HF in
the absence of MI is very unusual at this age. The results
persisted when the sample was restricted to men aged 44 years
and younger. Only a few cases of HF occurred during the first
10 years of the follow-up period. The long time period between
the baseline examination and the incidence of HF also reduces
the possibility of reverse causation.
Recent studies have shown that systemic low-grade inflam-

mation is associated with HF.16 34 35 Since low FEV1 or FVC has
been associated with raised plasma levels of various markers of
inflammation, we performed a subgroup analysis of almost
16 000 men with adjustments for the leucocyte concentration.
A high leucocyte concentration has been associated with the
incidence of HF in this cohort.16 The results were largely
unchanged after adjustments for leucocytes, which suggests
that inflammation has no major role in the relationship between
lung function and HF.
Some limitations should be acknowledged. Only middle-aged

men were studied, and it is unclear whether the results could be
generalised to all age groups and to women. FEV1 and FVC were
measured several years before the currently used guidelines for
standardisation of spirometry were published and the exami-
nations did not meet the standards of the recent guidelines.
If anything, low precision of the lung function measurements
should reduce the association with the incidence of HF.
However, the validity is supported by previous studies from the
present cohort which show that FEV1 and FVC are strongly
linked to cardiovascular as well as pulmonary diseases.18 19 30

All cases were admitted to hospital with a primary diagnosis
of HF, and it can be assumed that the cardiac disease was quite
severe in most cases. We do not know to what extent lung
function is associated with less severe forms of HF which are
more likely to be treated in primary care. However, results from
an echocardiographic follow-up of elderly subjects suggest that
low FEV1 is also associated with the development of less severe
forms of HF.13 Another shortcoming is that we had limited

Table 3 Multivariate analysis of incidence of hospitalisations for HF in
relation to FEV1 and FVC by age and hypertension status

Cases/subjects (n/n) FEV1 (per 1SD) FVC (per 1SD)

Non-smokers

<45 years 54/5467 1.68 (1.23 to 2.30) 1.77 (1.31 to 2.39)

$45 years 228/5133 1.19 (1.05 to 1.35) 1.19 (1.05 to 1.35)

Normal BP 69/5569 1.55 (1.26 to 1.92) 1.53 (1.23 to 1.90)

Hypertension 213/5031 1.15 (1.01 to 1.32) 1.18 (1.03 to 1.35)

HF, no MI* 207/10600 1.30 (1.14 to 1.49) 1.33 (1.17 to 1.52)

HF, after MI* 75/10600 1.11 (0.89 to 1.39) 1.09 (0.87 to 1.37)

Smokers

<45 years 100/5220 1.34 (1.09 to 1.66) 1.22 (0.99 to 1.51)

$45 years 343/5178 1.32 (1.19 to 1.46) 1.21 (1.09 to 1.35)

Normal BP 181/6532 1.36 (1.18 to 1.58) 1.27 (1.10 to 1.47)

Hypertension 262/3866 1.30 (1.16 to 1.47) 1.18 (1.04 to 1.33)

HF, no MI* 296/10398 1.38 (1.24 to 1.54) 1.22 (1.09 to 1.37)

HF, after MI* 147/10398 1.21 (1.03 to 1.42) 1.21 (1.03 to 1.41)

Presented as hazard ratios (per 1SD lower FEV1 or FVC) adjusted for systolic BP,
antihypertensive treatment, cigarettes (smokers only), cholesterol, triglycerides, body mass
index, physical inactivity, occupation level, diabetes, angina, marital status and high alcohol
intake.
*Incidence of HF without previous myocardial infarction (no MI) and with previous or
concurrent MI (after MI).
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; HF, heart failure;
MI, myocardial infarction.
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information about the cases with regard to the type and cause of
cardiac dysfunction.

In conclusion, this study of comparatively young men
without a history of MI or stroke showed that moderately
reduced volumes of FEV1 and FVC were associated with an
increased incidence of HF requiring hospitalisation. This rela-
tionship was consistent in smokers and non-smokers, in men
with and without hypertension and in men above and below the
median age of 44 years.
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