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Forced expiratory volume in one second:

not just a lung function test but a marker of

premature death from all causes
R.P. Young*, R. Hopkins# and T.E. Eaton#

ABSTRACT: The clinical utility of spirometric screening of asymptomatic smokers for early signs

of air flow limitation has recently come under review. The current authors propose that reduced

forced expiratory volume in one second (FEV1) is more than a measure of airflow limitation, but a

marker of premature death with broad utility in assessing baseline risk of chronic obstructive

pulmonary disease (COPD), lung cancer, coronary artery disease and stroke, collectively

accounting for 70–80% of premature death in smokers.

Reduced FEV1 identifies undiagnosed COPD, has comparable utility to that of serum

cholesterol in assessing cardiovascular risk and defines those smokers at greatest risk of lung

cancer. As such, reduced FEV1 should be considered a marker that identifies smokers at greatest

need of medical intervention.

Smoking cessation has been shown to attenuate FEV1 decline and, if achieved before the age of

45–50 yrs, may not only preserve FEV1 within normal values but substantially reduce

cardiorespiratory complications of smoking.

Recent findings suggest inhaled drugs (bronchodilators and corticosteroids), and possibly

statins, may be effective in reducing morbidity and mortality in patients with chronic obstructive

pulmonary disease. The current authors propose that spirometry has broad utility in identifying

smokers who are at greatest risk of cardiorespiratory complications and greatest benefit from

targeted preventive strategies, such as smoking cessation, prioritised screening and effective

pharmacotherapy.

KEYWORDS: Baseline risk, chronic obstructive pulmonary disease, epidemiology, lung function,

premature death, spirometry

I
n 1977, FLETCHER and PETO [1] published their
seminal paper in the British Medical Journal,
demonstrating the existence of a subgroup of

smokers highly susceptible to accelerated decline
in lung function, as measured by forced expira-
tory volume in one second (FEV1). With continued
smoking, these smokers developed chronic
obstructive pulmonary disease (COPD) and died
prematurely. Subsequent studies have shown that
reduced FEV1 in smokers is not only associated
with a significantly increased risk of COPD, but
also lung cancer, acute coronary syndromes and
stroke [2–8], which collectively account for 70–80%
of premature death in smokers [9, 10]. Import-
antly, if susceptible smokers quit before reaching a
critical threshold, this accelerated decline in FEV1

could be attenuated to that of nonsmokers, thereby

preserving lung function, reducing morbidity and
preventing premature death [1, 11]. The current
authors argue that FEV1 is more than a test of lung
function essential in quantifying airflow limita-
tion, it is a marker of premature death with broad
clinical utility in baseline risk assessment and
possible prevention of both respiratory (COPD
and lung cancer) and cardiovascular (coronary
artery disease (CAD) and stroke) diseases. It has
been noted that reduced FEV1 may also reflect
restrictive lung disease that: 1) is not infrequently
found in population studies; 2) may in part be due
to nonpulmonary factors such as obesity and heart
failure (particularly in nonsmokers); and 3)
remains a marker of overall mortality [12]. For
the purposes of the present study, the current
authors have focused on the clinical utility of
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spirometry in smokers where obstructive lung disease is most
relevant.

THE NATURAL HISTORY OF LUNG FUNCTION DECLINE
In 1977, FLETCHER and PETO [1] published a prospective study
that monitored decline in FEV1 and made several key
observations. First, in contrast to nonsmokers, smokers who
continued to smoke showed a wide variability in FEV1 decline
(fig. 1a). This decline ranged from normal age-related decline
(as seen in lifelong nonsmokers) to a steep decline resulting in
COPD, disabling breathlessness and premature death. Based
on these observations, they proposed that a subgroup of
smokers were ‘‘susceptible’’, characterised by an accelerated
FEV1 decline leading to COPD and premature death. Recent
studies suggest this decline is likely to occur in discrete steps,
secondary to pulmonary insults, such as chest infections (or
COPD exacerbations), potentially attenuated by preventive or
early treatment [13]. Studies by BURROWS et al. [14] and
DOCKERY et al. [15] further clarified the distribution of FEV1

according to smoking exposure dose. Despite being cross-
sectional studies, both showed that after an accumulated 20–
30 pack-yr history of smoking, the normal unimodal distribu-
tion of FEV1 seen in light or never-smokers (fig. 2a) had skewed
left towards reduced lung function. After o60 pack-yrs of
smoking, the unimodal distribution had changed to some-
thing approaching a bimodal or even trimodal distribution
(fig. 2b). Based on these studies and a recently published
prospective study [16], the current authors conclude that
,60% of lifelong smokers maintained near-normal FEV1

(‘‘resistant’’), while ,10–20% suffered mild loss of FEV1

(‘‘intermediate’’) and the remaining 20–30% of smokers had
significant loss of FEV1 to levels consistent with COPD
(‘‘susceptible’’; fig. 2b). Given that the smokers in the studies
by BURROWS et al. [14] and DOCKERY et al. [15] had the same
heavy smoking history (.60 pack-yrs), the widely differing
lung function clearly indicates that factors other than
smoking exposure dose per se are at play in determining
which smokers develop severe COPD and die prematurely.

The second observation made by FLETCHER and PETO [1] was
that in the early stages, FEV1 decline is insidious, with smokers
generally remaining asymptomatic until FEV1 has fallen to
f50% of its maximal value, well below the threshold defining
a spirometrically based diagnosis of COPD [17, 18]. The third,
and probably most important, observation was that if a
susceptible smoker quit smoking, the rate of decline in FEV1

could reduce towards that of a lifelong nonsmoker (fig. 1b).
Importantly, if the majority of smokers achieved smoking
cessation before 40–45 yrs of age, their FEV1 can be maintained
within normal age-referenced values. This observation has
been confirmed in other prospective studies [11] and is central
to the current authors’ hypothesis that because FEV1 decline
can be attenuated by smoking cessation, it can be considered
‘‘modifiable’’. Crucially, these observations show that the
earlier a susceptible smoker quits, the greater the preservation
of FEV1, the greater the delay to debilitating breathlessness and
the longer their survival.

REDUCED FEV1 AND FUTURE MORBIDITY/MORTALITY
Smoking, FEV1 and COPD
COPD is almost invariably a disease that results from smoking.
Of those affected, 90% have a current or past history of

smoking exposure. The lifetime risk of COPD in smokers is
estimated to be 20% [2, 14], although if a mild degree of airflow
limitation is included (Global Initiative for Chronic Obstructive
Lung Disease stage 1 COPD) then up to 50% of smokers maybe
affected [19]. As decline in lung function is so insidious, COPD
commonly remains undetected until quite late (if indeed at all),
and explains why as many as 50% of patients with COPD
remain undiagnosed and, therefore, untreated [19]. This
underscores the importance of spirometry in the early
identification of susceptible smokers.

Smoking, FEV1 and lung cancer
Lung cancer is also almost invariably a disease of smokers. Of
those diagnosed, 85–90% have a current or past history of
smoking exposure. Studies show that, after adjustment for age
and smoking, reduced FEV1 is associated with an increased
risk of lung cancer [2, 20–22]. Smokers with reduced FEV1

carry as much as a five to six-fold risk of lung cancer compared
with smokers with normal lung function [2, 20–22]. Other
factors identifying a smoker at high risk of lung cancer include:
the magnitude of smoking exposure (.30 pack-yrs or .30 yrs
duration); age .50 yrs; family history of lung cancer; and
previous asbestos exposure [23]. In a primary care screening
study, these factors, in combination with impaired lung
function, were shown to cost-effectively identify smokers or
ex-smokers at high risk of lung cancer for computed
tomography (CT) screening purposes [23].

Smoking, FEV1 and coronary artery disease
Smoking is one of the most important risk factors for coronary
artery disease, along with elevated cholesterol and blood
pressure. Interestingly, the younger the age of CAD onset, the
greater the importance of smoking. Several studies have now
shown that the smoking prevalence in premature CAD (age
,40–50 yrs) is as much as 80%. What is generally not
appreciated is that a reduced FEV1 is a strong marker for
CAD [3–5] and mortality from cardiovascular disease [5–7].
Indeed for males, the combination of reduced FEV1 and
smoking exposure are better predictors of future mortality
from heart disease than serum cholesterol levels [10]. In the
present study, where FEV1 was compared with traditional risk
factors, it is striking that reduced FEV1 ranks second only to
smoking, well above blood pressure, social class and choles-
terol [10, 19] as a predictor for all-cause mortality in both males
and females.

To illustrate to what extent lung function is relevant to
cardiovascular mortality, the current authors refer to data
from two studies that showed, after adjustment for other
variables, that reduced FEV1 is more important than smoking
exposure (figs 3a and b). Among smokers of comparable
smoking exposure, reduced FEV1 was associated with up to
three to four-fold greater cardiovascular mortality [6, 7].
Remarkably, this effect also extends to nonsmokers, in whom
poor FEV1 predicts a risk two to three-fold greater than that of
heavy smokers with normal lung function. The current authors
conclude that FEV1 is an important marker of future
cardiovascular mortality and that its effects on mortality are
both independent from and synergistic with those from
smoking.
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Smoking, FEV1 and overall mortality
A consistent observation in all these epidemiological studies is
that smokers with reduced FEV1 have considerably higher
morbidity and mortality than smokers with normal lung
function. The basis of this observation is not yet understood.
This may be an epiphenomenon, reflecting the shared risk
factor of smoking, but is otherwise unrelated. Alternatively, it
may be indicative of an underlying susceptibility to chronic
inflammation [19] that has now been implicated in all three
diseases [24–26]. Smoking initiates and maintains an inflam-
matory stimulus which is ubiquitous, affecting lung epithe-
lium and arterial endothelium. However, factors specific to
susceptible smokers, such as aberrant cellular response and
repair processes [19], may, over time, promote airway fibrosis
and lung destruction in COPD [24], failed apoptosis in lung
cancer [25] and plaque instability in acute coronary syndromes
[26]. Accordingly, the lungs function as the body’s most
important ‘‘sampler and filter’’ of the environment, and FEV1

as a barometer of the body’s response to systemic inflammation
from chronic aero-pollutant exposure, in particular smoking.

REDUCED FEV1 AND CLINICAL UTILITY

Smoking cessation
There is no dispute that spirometry is integral to the screening,
diagnosis and monitoring of respiratory disease. However,
debate remains as to the benefit of screening to detect early
sub-clinical COPD [27]. Several studies have demonstrated the
importance of identifying asymptomatic smokers with
impaired lung function, and the subsequent improvement in
smoking cessation rates [28, 29]; although this has not been a
universal finding [27]. None of these studies utilised the wider
implications of identifying smokers susceptible to reduced
FEV1. Specifically, apart from diagnosing COPD early in its
natural history, smokers with reduced lung function are also at
high risk of lung cancer and premature cardiovascular death.
This observation has not been widely integrated into these
cessation studies and may be important in motivating smokers
to quit given that lung cancer and heart attack are perceived as
significantly more life-threatening than COPD. The smoking
cessation rate of patients identified with COPD is only 5–15%,
comparable to that seen in healthy smokers motivated to quit
and given nicotine replacement therapy [30]. In contrast, 50%
of smokers who suffer heart attacks [31] and up to 40% of
smokers identified with suspicious lung nodules on spiral CT
scans quit smoking [32]. This suggests that when smokers are
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FIGURE 1. Forced expiratory volume in one second (FEV1) decline in a) never-

smokers and smokers and b) in susceptible smokers after quitting smoking. &:

death; &: severe disability; &: onset of symptoms. ––––: susceptible smokers

(chronic obstructive pulmonary disease); - - - - -: intermediate smokers: ??????????:

never smokers; – – – – –: not susceptible to smoke; –– - –– - –– -: resistant smokers;

-- -- -- --: susceptible smoker, stopped smoking at age 45 yrs; –– - - –– - - ––:

susceptible smoker, stopped smoking at age 65 yrs. Modified from [1].
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FIGURE 2. Distribution of forced expiratory volume in one second (FEV1) %

predicted in a) nonsmokers and light smokers and b) heavy smokers. - - - - -:

normal distribution; –––––: resistant smokers; – – – – –: intermediate smokers; –– -

–– - ––: susceptible smokers. Modified from [14].
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confronted with these ‘‘more lethal’’ complications, signifi-
cantly greater rates of cessation can be achieved. This is most
likely explained by the combined effects of increasing motiva-
tion towards cessation (by enhancing motivational tension and
triggering action) [33], and overcoming the natural tendency of
optimistic bias (denial of one’s own risk), considered one of the
most important barriers in smoking cessation [34].

Baseline risk assessment
Existing public health strategies for smoking prevention
currently focus on tobacco advertising restrictions, health
warnings, taxes and smoking bans in public places. These
population-based strategies should be augmented with indi-
vidual patient education, utilising baseline risk assessment that
personalises and quantifies that risk. This has become the basis
of prevention of CAD, where risk factors are measured and
individual treatments or lifestyle interventions are initiated as
necessitated by the degree of risk identified. Although it has
been shown that smoking rates have been successfully reduced
with the nontargeted population-based strategies described
previously (akin to the population prevention axiom [35]),

FLETCHER and PETO [1] and others have shown that risk from
smoking is concentrated in only a proportion of smokers [16].
With relevance to outcome, it has recently been argued that the
broader benefits of population-based prevention strategies
may be inferior to those in which an intervention is targeted at
those with high baseline risk [35]. Adopting this approach,
primary prevention of smoking-related complications would
target (or prioritise) those at greatest risk based on reduced
FEV1 in conjunction with other risk factors. This is analogous
to existing primary prevention strategies in cardiovascular
disease where those with elevated blood pressure, blood
glucose or serum cholesterol are identified by widespread
screening and aggressively treated with lifestyle and/or
pharmacological interventions. Just as the aim in CAD
prevention is to maintain blood pressure and serum choles-
terol at near-normal levels, maintaining FEV1 within the
normal range (% of predicted) could be viewed in the same
way. In addition to its potential clinical utility in smoking
cessation, impaired lung function provides a useful screening
tool (and ‘‘teachable moment’’) for identifying smokers most at
risk of lung cancer, heart attack and stroke. In this setting,
reduced FEV1 could help prioritise which smokers might
benefit most from aggressive screening for these smoking
related complications. Recently, a study has shown that
screening for lung cancer using spiral CT scans is more cost-
effective when smokers and ex-smokers are prioritised using
impaired FEV1 in combination with other risk factors for lung
cancer [23].

Disease prevention
Given the importance of reduced FEV1 in cardiovascular risk,
the current authors support others who propose that it be used
in conjunction with existing risk markers [36], such as blood
pressure and serum cholesterol, to assess risk and target
preventive treatment. Improved outcome from such an
approach is suggested by three recent large observational
studies showing that patients with COPD who took statins
(hydroxymethyl-glutaryl CoA reductase inhibitors) had sub-
stantial reductions in both morbidity and mortality, compared
with those with COPD who did not [37–39]. Strikingly, those
with COPD who took statins had a o50% reduction in all-
cause mortality [37–39], 50% reduction in myocardial infarc-
tion [37] and 30% reduction in hospitalisation from COPD [37].
Moreover, in a recently reported nonrandomised study of lung
function screening in smokers and ex-smokers, those taking
statins had an 85% reduction in annual FEV1 decline and 35%
reduction in COPD-related hospitalisation, compared with
those not taking statins [40]. These observational data are
remarkably consistent and suggest the mortality benefit in
COPD patients taking statins was approximately two-fold
greater than the mortality benefit seen with inhaled corticos-
teroid therapy (o25% reduction) [41] or corticosteroid therapy
combined with long-acting bronchodilators (o35% reduction)
[42]. Moreover, the reduction in hospitalisation with the statin
therapy was comparable to that achieved with local-acting
inhaled corticosteroids [43]. Perhaps of greater significance
was that reduction in myocardial infarction seen with the statin
therapy was two-fold greater in patients with COPD than in
the coronary artery primary prevention studies [44]. Finally,
statin use has also been associated with reduced risk of lung
cancer [45]. As these statin studies were only observational

!

 

�

�

�

" � !�#��� �#�$ %���

�	
�������&

��

"�� ��#�� ��#$� $�#��� %���
�

��

��

��

��

��

 �

��

!�

�	
��'���'���&(����&

��

)
&&
��
��
��


*

�
��
���
��
��
��
��

FIGURE 3. Relationship between forced expiratory volume in one second

(FEV1), smoking status and a) odds ratio for cardiovascular mortality and b) all

cause mortality rate. a) &: current smoker; h: ex-smoker; &: never-smoker. b) &:

heavy smoker; &: moderate smoker; h: ex-smoker; &: non-smoker. a, b) Modified

from [6] and [7], respectively.
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studies [37–40, 45], the potential for confounding exists and
randomised clinical trial data will be required to confirm these
interesting findings.

There is now considerable evidence suggesting statins have
immunomodulatory effects that could attenuate the inflam-
matory effects of smoking on the lung [46], not just the arteries.
These include reducing neutrophil migration, cytokine pro-
duction, adverse matrix remodelling and small airways
inflammation [47]. The current authors suggest that identifying
smokers with significant air flow limitation (FEV1 ,70% pred)
could be considered analogous (in terms of future cardiovas-
cular risk) to identifying those with elevated cholesterol
(together with other CAD risk factors), thus prompting
consideration of primary preventive treatment with statin
therapy in those with multiple risk factors. Given the
substantial risk of CAD conferred by a reduced FEV1, it is
not surprising that patients with COPD appear to gain greater
cardiovascular benefit from statin therapy than those with
normal lung function from the primary prevention studies.

IS POPULATION-WIDE SCREENING WITH SPIROMETRY
A REALISTIC GOAL?
It is noteworthy that respiratory specialist societies are globally
unified in their recommendation that all smokers .40–45 yrs
of age should be screened using spirometry. This age band is
important in the natural history of lung function decline as 40–
50 yrs of age is a time-frame when the spirometric threshold of
COPD diagnosis usually begins to be reached [1] and when
smoking cessation is most beneficial [9]. To achieve this goal it
is essential that quality spirometry be widely available and
accessible to primary care providers [48]. To facilitate this,
spirometers are now available that are highly portable,
inexpensive and utilise technology that obviates the need for
calibration. Importantly, the new generation of spirometers
provides immediate quality feedback, which has been identi-
fied as the key limitation of spirometry performed in the
primary care setting [49]. Acknowledging the difficulties of
performing spirometry in general practice, studies have shown
that outsourcing of spirometry to community-based allied
healthcare professionals who are specifically trained and
dedicated to spirometric measurement, is a viable approach
to enhancing accessibility to spirometry in the community [50]
and improves primary care management of COPD [51].

DISCUSSION
There is overwhelming evidence from large scale epidemiolo-
gical studies demonstrating impaired lung function, charac-
terised by reduced FEV1, is a powerful marker of future
morbidity and mortality. Specifically, reduced FEV1 not only
establishes the presence and severity of COPD, leading to
improved treatment [51], but is a powerful predictor of
increased risk of lung cancer, cardiovascular disease and
premature death. The present study proposes that such
knowledge could lead to improved (and better targeted)
patient care, with improved clinical outcomes.

Evidence from several epidemiological studies has shown that
FEV1 is a potentially modifiable marker (fig. 1b), specifically
that its rate of decline can be attenuated by smoking cessation.
Although one might challenge the concept that FEV1 (or FEV1

decline) be viewed as modifiable, only loosely analogous to

serum cholesterol and blood pressure in the current paradigm
of cardiovascular preventive medicine, the current authors
believe it remains a helpful concept in empowering doctors
(and their patients) to commit to and embrace smoking
cessation and smoking cessation interventions. There are
now many intervention and observational studies that have
irrefutably established that risk of COPD, lung cancer and
CAD can be substantially reduced by smoking cessation.
Moreover, studies suggest that if smoking cessation is achieved
by 40–45 yrs of age then not only can lung function be
maintained at or near normal levels for the majority of prior
smokers but, albeit independently, the risk of these smoking-
related complications may be virtually reduced to those of a
lifelong nonsmoker [9]. This raises the question as to if (or
how) these two outcomes from smoking cessation might be
related. Although it is accepted that the preservation of lung
function after smoking cessation confers protection from
COPD-related mortality, it is not clear if this confers a
reduction in cardiovascular mortality. Many studies suggest
that they may be related through an inflammatory mechanism
[3, 19, 52]. It is possible that smoking cessation, particularly
early in the habit, may attenuate inflammatory processes in the
respiratory and arterial tree, reducing lung function decline
and reducing atheromatous plaque progression and instability.
Such a hypothesis is supported (but not confirmed) by a study
that showed a borderline significant interactive effect between
reduced FEV1 and smoking cessation on cardiovascular
mortality [53, 54].

It is not enough to promote smoking cessation to all smokers.
The current authors suggest greater effort needs to be made to
recognise susceptible smokers, identified through greater
utilisation of FEV1 screening. Those smokers with increased
susceptibility should be aggressively assisted to quit smoking,
as even modest gains in smoking cessation in this high-risk
group would be expected to translate into substantial reduc-
tions in population morbidity and mortality [55]. Such a
targeted approach typifies the 80:20 rule, where 80% of the
gains would come from smoking cessation in those 20% of
smokers who are most susceptible. The current authors also
propose that FEV1 screening be widely utilised in baseline risk
assessment of smokers for primary prevention of COPD, lung
cancer, CAD and stroke in order to personalise risk, prioritise
screening or consider initiating therapeutic interventions.

In conclusion, this is likely to be a cost-effective approach
augmenting existing population based strategies intended to
reduce smoking-related complications and premature death.
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