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Cigarette smoking and lung function decline beyond quitting
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The tobacco epidemic

From a public health perspective, the global epidemic of 
tobacco smoking is one of the most prominent features 
of the 20th Century. In the U.S., at the time of the 1964 
Surgeon General’s report on smoking and health, the rise 
of population cigarette consumption peaked at more than 
4,000 cigarettes per year per capita (1). The subsequent 
decline can be attributed to a combination of multiple 
tobacco control measures that were sustained over time—
from advertising and sponsorship bans, focused federal 
taxes, clean indoor air laws, nicotine replacement therapies 
and other anti-smoking campaigns targeting the smoking 
general public (1). Smoking rates for U.S. adults fell 3-fold 
over this 50-year period—from 42.4% in 1965 to 14.0% 
in 2017 (2)—such that former or ex-smokers by then now 
outnumbered smokers in the general communities of most 
high-income countries. 

Despite this decline in tobacco’s popularity, smoking-
related lung diseases such as chronic obstructive pulmonary 
disease (COPD) and lung cancer continued to appear due 
to a latent phase of decades (3). A recent analysis of the 
Global Burden of Disease Study (GBD 1992–2017) data 
interestingly showed the relative risk of COPD mortality 
continued to increase in the U.S., and although this 
has been attributed to the smoking peak (4), increasing 
urbanisation with its pollution risks almost certainly played 
a role. China now has the largest number of active smokers 

in the world with a prevalence peaking around 34.1% in 
1996, though that represented 63% of men and only 3.8% 
of women (5), which in 2014–2015, was still 58% and 4.0% 
respectively (6). Nonetheless, the relative risk of COPD 
mortality has been reported as decreasing in China over 
this period (4), with this paradox attributed to public health 
measures that have achieved lower indoor and outdoor air 
pollution targets through cleaner energy sources in spite 
of industrialization and increased motor vehicle traffic (7). 
Even so, as for any country, reducing tobacco consumption 
would be the most effective means of preventing COPD 
and other smoking-related diseases. Through the direction 
of the World Health Organization, tobacco control 
measures have been at least partially introduced into many 
developing countries, covering about 5 billion (65% of 
people) worldwide (8). 

The 1977 landmark study of smokers

It is now over 40 years since Fletcher and Peto described 
their view of the natural history of COPD (9) which formed 
the foundation of how health and public health professionals 
approach COPD prevention through promoting smoking 
abstinence and quitting. It describes the decline in lung 
function in terms of the forced expiratory volume in 
one second (FEV1) which has been traditionally used to 
follow the progression of COPD, although this is only 
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one measure of lung function. By observing the smoking 
habits and FEV1 of 792 English men followed at 6-monthly 
intervals for 8 years, but at differing ages, the concept of 
the susceptible smoker and adverse FEV1 trajectories was 
founded. In other words, they proposed that only a subset 
of smokers is at risk of the lung function damage that 
typically progresses to severe COPD (see Figure 1). A key 
message was that the trajectory/slope of FEV1 decline for 
these susceptible smokers could “revert back to normal” if 
they quit the habit (9). Thus, susceptible individuals who 
quit smoking by mid-adult life could delay the onset of 
disabling breathlessness by several years, while quitting 
later, even around the retirement age, could still result in 
a modest survival benefit. A second realisation was that 
young adult smokers often cut down or ended their tobacco 
consumption due to respiratory symptoms, such that these 
most severely affected individuals would be then classified 
among the lighter or ex-smokers respectively. Despite the 
importance of this work (9), it has encouraged health care 
professionals, guideline and funding bodies to overlook the 
potential for ongoing lung function loss in this susceptible 
subgroup, who took up the additive habit when peer group 
pressures and the media dominated over the weak public 
health messages of the era. 

The rationale for the present study

Oelsner and colleagues have extended this work by 
comprehensively undertaking a secondary analysis of 
the lung function data of the National Heart Lung and 
Blood Institute (NHLBI) Pooled Cohorts Study to more 
definitively establish the relationship between cigarette 
smoking and lung function decline in the modern era (11). 

The study rationale was based on perceived inconsistencies 
in the literature. Firstly, in the only randomized controlled 
trial of smoking cessation, Anthonisen and colleagues 
documented an improvement in the lung function measure, 
FEV1, for two years after sustained quitting which then 
declined at a lesser rate than that of continuing smokers (12).  
This finding was unexpected and suggested a sizeable 
proportion had the so-called asthma-COPD overlap (13). 
Among survivors, the FEV1 then declined at 28 mL/year 
for sustained quitters, 48 mL/year for intermittent quitters, 
and 62 mL/year for continuing smokers (14), but due to the 
exclusion of never-smokers, these rates of decline were not 
compared with “normal” ageing. 

Secondly, pathological evidence suggests that airway 
cellular and remodelling changes of COPD persist 
beyond smoking cessation, as distinct from any lung tissue 
destruction known as emphysema. Of many studies, the 
work by Hogg and colleagues (15) described increasing 
mucus and inflammatory cells across the spectrum of 
COPD severity, including B-cell containing lymphoid 
follicles that suggest microbial colonization and/or infection 
as a driver for those susceptible. Smoking itself is associated 
with increased cytotoxic CD8+ cells in the small airways 
which is the main site of obstruction in COPD (15,16), 
but combined with reduced total cell counts, reduced 
neutrophil and increased macrophage numbers in larger 
conducting airways, this may represent smoking-related 
inflammatory and immunosuppressive processes, as well as 
airway remodelling in smokers with COPD (16). However, 
interpreting histopathological studies is limited by their 
cross-sectional nature, which almost invariably cannot 
investigate the link between lung function changes and 
airway wall inflammation over time. 

Figure 1 Schema of the observed lung function of working men of West London. Adapted by permission from BMJ Publishing Group 
Limited [Fletcher C and Peto R. The natural history of chronic airflow obstruction. Br Med J 1977;1(6077):1645-1648] (9,10).
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Thirdly, and most obviously, the work by Oelsner and 
colleagues seemed to have been prompted by the 2010 
meta-analysis by Lee and colleagues that did not find 
differences in the rate of FEV1 decline between never, past 
smokers and recent quitters (17). But this meta-analysis 
was limited by including studies of cross-sectional design 
and those measuring spirometry prior to internationally 
accepted technical standards. But in identifying a knowledge 
gap, Lee and colleagues described an “ideal” study which 
would include a number of large studies that recorded: 
smoking habits, FEV1 levels and confounding variables at 
regular intervals so as to assess the lung function decline 
trajectory between at least two timepoints, and separately 
for continuing smokers and quitters using prospective and 
recently recorded smoking data (17). 

The present study

Oelsner and colleagues have responded by performing 
a secondary analysis of the NHLBI Pooled Cohorts 
Study to document trajectories of cigarette smoking-
related FEV1 decline over a median 7-year period 
(IQR: 3, 20) (11). This consortium comprises multiple 
general population-based U.S. cohorts with harmonized 
respiratory data that included pre-bronchodilator 
(but not post-bronchodilator) spirometry measured 
in accordance with the 2005 American Thoracic 
Society/European Respiratory Society standards (18).  
Six of these cohorts were included in the present analysis. 
The 25,352 eligible participants who had lung function 
measured at ≥2 timepoints (39% of 65,251 in total) were 
adults of all ages but with a median birth year in the 1930s, 
corresponding with the expansion phase of the smoking 
epidemic. Approximately two-thirds (60–68%) had a 
pre-bronchodilator FEV1 decline calculated from two 
measurements with trajectories (≥3 timepoints) developed 
for the remainder. Smoking categories were based on 
self-reported smoking status and daily intensity, namely: 
consistent never smokers, consistent ex-smokers, consistent 
current smokers and variable smokers that included those 
who had quit. Linear mixed models with cohort specific 
unstructured covariance matrices, adjusted for confounders, 
accommodated the repeated FEV1 measures and age 
variation. An additional sensitivity analysis excluded 
“prevalent lung disease” defined by pre-BD lung function 
less than lower limits of normal, self-reported doctor-
diagnosed respiratory conditions and self-reported inhaler 
use. 

While associations between spectrum of cigarette 
smoking exposures and FEV1 decline were reported, 
the paper focused on the associations for recency of 
smoking (decade since quit date), low smoking intensity  
(<5 cigarettes/day) and low cumulative consumption  
(1–10 pack-years). In this paragraph, the excess in lung 
function loss compared with never smokers has been 
reported, for whom the unadjusted mean FEV1 decline 
was 31 mL/year. A most striking feature was a “gradient of 
harm” for more recent decades since quitting smoking, but 
also a novel absolute excess of FEV1 decline even for those 
who had quit even over 30 years ago. Within the category 
of current smoking, the rate of excess FEV1 decline for 
those smoking ≤5 cigarettes/day was almost nine times 
higher than the modest estimate for former and/or current 
smokers with a 1–10 pack-year smoking history [7.65 mL/
year (95% CI: 6.21–9.09) versus 0.87 (0.17–1.57)], implying 
that current smoking per se was more important. The dose-
response relationship for smoking intensity was much less 
pronounced. The predicted FEV1 curves nicely illustrated 
these dose-response relationships (figure 2, panels B and 
D respectively), but interestingly, the trajectories for 
increasing pack-year history was almost parallel with never-
smokers (panel C), with a possible contribution from a 
transient improvement in recent ex-smokers (12), especially 
as only pre-bronchodilator spirometry was measured. When 
restricting the analysis to participants without co-existent 
lung disease, the magnitude of estimates reduced only 
slightly. The tables in the main document did not feature 
the 10.3% of participants who had quit during the period of 
interest, but importantly, the adjusted difference in excess 
FEV1 decline of 3.00 mL/year (95% CI: 2.29-3.71) fell 
nicely between the estimates for longer-term quitters and 
current smokers (panel A, table S4).

The many strengths of this study have been outlined 
in Table 1, while some limitations are worth mentioning. 
Firstly, the possibility of residual confounding by 
socioeconomic status (SES) beyond adjustment for 
educational level is not excluded. Lower SES is associated 
with increased smoking rates (20), some jobs with hazardous 
occupational exposures, and lower levels of outdoor air 
pollution from residing in less urbanised areas (21). While 
all these factors need not be adjusted for separately, ideally 
the models would have included another SES variable such 
as the zip/postcode or state of testing.

Secondly, the estimate sizes were quite small in some 
instances and the definition of clinical significance provided 
by the authors seemed rather liberal. Thus, a cut-off of 
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Table 1 Perceived strengths and weaknesses of the study by Oelsner and colleagues 2020

Study component Strengths Weaknesses

Methods Multiple cohorts spanning all ages with close  
harmonization of repeated measures and clear exposure 
definitions

Median follow-up 7 [IQR 3, 20] years, so ≥25% were  
followed for only 3 years; 60–68% participants had 
FEV1 at only 2 timepoints

Sensitivity analysis excluded individuals with clinical and/or 
spirometrically-defined lung disease

Only pre-bronchodilator FEV1 decline reported (not 
post-bronchodilator or FEV1/FVC ratio)

Findings Systematic categorization by smoking status; decades 
since quit date; 10 pack-year thresholds; 5 cigs/day  
increments in intensity

Not stratified by sex. Smoking categories consistently 
reported as never, former and current smoking status 
but underplayed the scenario of quitting during the 
follow-up period (10.3%, table S4)

Predicted FEV1 curves with interactions by age to minimize 
age-related confounding

Interpretation Dose-response associations strengthen causal inference, 
especially for increasing years since quit date

Small statistically significant effect size was not within 
the measurement error of testing (19) 

Discussion Adequately acknowledged the differences between acute 
and chronic smoking exposure

Findings averaged across entire population so 
ex-smokers at particular risk have not been identified; 
this seems necessary for any trial of investigational 
therapeutics

Differences with the recent meta-analysis were  
comprehensively discussed in terms of survivor bias; 
healthy smoker effect; possible self-selection by smokers

Possible self-selection of symptomatic individuals 
(baseline FEV1 decline of 31 mL/year seems relatively 
high)

Strengths and 
limitations

Potential study weaknesses and differences with the recent 
meta-analysis were comprehensively discussed

Did not consider other potential confounders of  
smoking-FEV1 decline relationship [see main text 
(20,21)]

Conclusions Strengthens the strong anti-smoking message The findings promote the traditional view of COPD  
being only a “smokers’ disease” which might  
encourage complacency to not look for other  
potentially modifiable risk factors such as asthma, 
occupational exposures and air pollution

Challenges the nihilistic viewpoint of smoking behaviour 
and provides an argument for investigating therapeutic  
interventions beyond smoking cessation

cigs/day, cigarettes per day; FEV1, forced expiratory volume in 1 second; IQR, interquartile range; SES, socioeconomic status.

1.55 mL/year is small given the uncertainty around the 
measurement error of the test and the minimal clinically 
important difference (MCID) of ≥100 mL (19). But the 
dose-response nature of the findings does strengthen the 
biological plausibility of these causal associations. 

Thirdly, a sensitivity analysis restricted to around 30–
40% of eligible participants who had trajectories derived 
from ≥3 FEV1 measurements would have strengthened the 
study findings. Also, the ratio between FEV1 and forced 
vital capacity is more specific for airway obstruction.

The study’s importance in the field

Despite some limitations, this paper (11) provides the best 
evidence that “former and low-intensity current smokers 

have excess lung function decline compared with never 
smokers”. It describes an overall excess decline in a general 
population that spanned younger to older-aged adults, but 
regardless of time period or age group. It is timely because 
ex-smokers now commonly outnumber current smokers in 
many high-income countries following years of effective 
public health policy. The large participant numbers in part 
explain the narrow 95% confidence intervals, but perhaps 
the relatively short follow-up period for many has obscured 
the substantial variation in FEV1 decline expected for those 
with and without susceptibility to the harmful lung function 
effects of smoking.

Arguably, the most impressive finding was the inverse 
dose-response smoking-FEV1 relationship for decades 
“since quit date”. There was a strong signal for current 
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cigarette smoking per se and the dose-response association 
for increasing smoking intensity was less pronounced 
with only minimal decline seen for those with a remote 
smoking history. These observations are consistent with 
the Copenhagen City Health Study (CCHS) that found 
a strong relationship between continued smoking and 
development of COPD [OR 6.3 (95% CI: 4.2–9.5)], and 
also a decreasing relationship with longer time periods 
since quitting smoking (22). Thus, a modified version 
of the original Fletcher and Peto diagram is presented  
[see Figure 1 (10)]. 

From longitudinal studies such as the CCHS, at least 25% 
of current cigarette smokers are at risk of developing the 
lung function feature of COPD (22). For such long-term 
cohorts, this estimate may be higher due to the phenomena 
of survivor bias and the healthy smoker effect (9). Given 
the median birth age for the NHLBI Pooled Cohorts 
Study was in the 1930s before the widespread influence 
of population-based public health strategies, individuals 
who developed symptoms may have quit smoking prior to 
major airway changes (9). Thus, the group quitting more 
than 30 years ago may represent a group of predominately 
susceptible smokers who stopped early due to respiratory 
symptomatology.

The authors make the distinction between normalization 
and ongoing subtle deterioration of FEV1 decline, the latter 
suggesting the possibility of ongoing active lung damage 
following smoking cessation that might be amenable to 
additional preventive strategies. While cross-sectional 
histopathological findings support the widely held view 
that airway inflammation and remodelling persists after 
smoking cessation (15,16), the present study does not 
identify these susceptible individuals (23). Nor does the 
study address other causes of impaired lung function such 
as the interaction of smoking with asthma resulting in 
asthma-COPD overlap (13,24), nor effects of air pollution 
and occupational hazards. It is also difficult to interpret 
the FEV1 values for an individual given that actual lung 
function varies widely with age, sex, height and ethnicity. 
To place the presented FEV1 values in some context,  
3.8–4.1 litres (around 4,000 mL) approximates the predicted 
FEV1 of a 40–45 year old Caucasian male measuring 
172–180 cm in height, whereas the study reports an average 
lung function loss for a current smoker to be 40 mL/year 
with an excess of 8–10 mL/year beyond ‘normal’ ageing—
susceptible smokers may lose up to 60–90 mL/yr. However, 
for susceptible ex-smokers with a shorter and/or more 
remote smoking history, the excess in FEV1 decline is much 

less likely to manifest as clinical COPD in the absence of 
other major risk factors across the life-course. 

Finally, the authors conclude that the lung function 
findings reinforce the recommendation that ‘no level of 
tobacco smoke exposure is safe’ and smoking cessation 
is key to maintaining maximal lung function. The dose-
response associations indirectly confirm the dogma that 
‘the time to stop smoking is now’ which is fundamental to 
COPD prevention in the general population. Although 
the decline in smoking from population-based strategies 
in many high-income countries has been a public 
health triumph, more evidence is needed to support a 
more targeted approach directed towards susceptible 
individuals in terms of active case finding and personalised 
interventions using modern technologies. However, for a 
country like China which has high and sustained smoking 
rates for men, an escalation of effective public health policy 
across the general population is more urgently needed 
to reduce tobacco consumption and cardiorespiratory 
morbidity and mortality in the future (25). 
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