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COPD and tobacco smoke
M. Bartal

The burden of COPD

Although underestimated, chronic obstructive
pulmonary disease (COPD) is a leading cause of
morbidity and mortality worldwide amongst the
adult population [1-8]. According to estimates,
COPD, which has increased from the 6th most com-
mon cause of death worldwide in 1990 to the 5th in
1998 [7], will increase to to 3rd most common cause
of death by 2020 [4, 8]. When the burden is ex-
pressed in disability-adjusted life-years (DALYs),
that is the sum of years lost due to premature death
and years of life lived with disability adjusted to the
severity of disability, COPD was responsible for
2.1% of DALYs, ranking 12th in 1990. It is estimat-
ed to be the 5th cause in 2020 with 4.1% of DALYs
whereas ischemic heart disease and tuberculosis for
instance will be in 1st and the 7th with 5.9% and
3.1% of DALYs respectively [1, 9] (fig. 1). The
prevalence of COPD is underestimated around the
world, ranging from 2.70 and 2.80% in males and
females respectively in Middle Eastern Crescent to
26.20 and 23.70% in China with a mean value in
1990 of 9.34 and 7.33% (fig. 2). The prevalence of
COPD is highest in countries where cigarette smok-
ing is common and rooted in the “traditional way of
life”, as is the case in many areas of Asia. Recent
data from cross-sectional studies in general popula-
tion from industrialised countries, has shown a
prevalence ranging from 3.7 to 11%, depending on
both country and methodological differences [10].
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ABSTRACT: COPD and tobacco smoke. M. Bartal.
Chronic obstructive pulmonary disease (COPD) is a

chronic inflammation of the airways, including the
parenchyma and the pulmonary vasculature. The burden
of COPD is increasing around the world in terms of mor-
bidity and mortality in adult population. Active smoking is
a major risk factor for COPD, although there is individual
susceptibility to the effects of tobacco smoke. This variabil-
ity could result from host as well as environmental factors.
Even passive smoking in early childhood as well as intra-
uterine exposure could pave the way for COPD. Tobacco
smoke induces a specific, persistent inflammation, different
from that of asthma. Three other processes accompany and
interact with inflammation: imbalance of both the proteas-
es-antiproteases, the oxidants-antioxidants, and improper
repair mechanisms. These processes respectively lead to
mucus hypersecretion and alveol wall destruction, dysfunc-
tion and death of biological molecules, damage to the extra-

cellular matrix and pulmonary fibrosis with adventitial,
submucosal and smooth muscle thickening. The earlier the
smoke exposure, the greater the level of decline in lung
function. Combined mucus hypersecretion, reduced clear-
ance, and impairment of the lung defence mechanisms ex-
plain why COPD patients even with stable condition, carry
potential respiratory pathogens in significant concentra-
tion, paving the way for infection and acute exacerbations
of COPD. Every additional exacerbation in a smoker dete-
riorate more the lung function. Fortunately, smoking cessa-
tion, which is a part of the respiratory rehabilitation could
reduce the number of hospitalisations and the decline of
lung function, and thus reduce the management cost of the
disease and improve the quality of life. The earlier the quit-
ting, the better the improvement of FEV1. “Smoking cessa-
tion is the single effective and cost effective way to reduce
exposure to COPD risk factors” (GOLD, evidence A).
Monaldi Arch Chest Dis 2005; 63: 4, 213-225.

Fig. 1. - The burden of COPD.

Fig. 2. - Prevalence of COPD around the world (all ages).
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The natural history of COPD is characterised
by a progressive, irreversible decline in lung func-
tion. Premature mortality after years of suffering
dyspnoea and disability is the ultimate outcome of
the disease. Fletcher et al. [11] have demonstrated
a 10-year survival of 50% after a clinical diagnosis
in patients who continued to smoke, versus 80% in
ex-smokers. In the Seven Countries Study [12], the
relative risk of death from any cause within a 15
year follow-up, adjusted for several risk factors in-
cluding age and smoking, was 1.67 (95% CI:1.48-
1.88) for patients with COPD, with large variabil-
ity between countries. Age with rapid decline of
FEV1 are the strongest predictors of premature
death, explaining why the prevalence and the bur-
den of COPD are higher in developed countries
where life expectancy is greater than in developing
countries [13]. The poorest and less educated sec-
tion of the population [14] is the most affected in
terms of morbidity and mortality, probably be-
cause of intricacy of multifactorial risk factors in-
cluding intrauterine exposure, childhood infection,
occupational exposure and the way of life (hous-
ing, nutrition, …) [15]. In low income countries it
is expected that an increase in smoking prevalence
will lead to future increase in COPD prevalence,
theoretically without a predicted increase in health
care costs because hospital-based and long-term
care are less available or affordable than in high in-
come countries. But in terms of productivity lost,
the toll of COPD is very large in low income areas
where labour is often the production tool that dri-
ves the economies [16]. Developing countries can
ill afford the increased social and economic burden
of COPD and their smoking-related disorders. In-
dividually, the poorest people pay the highest toll
because they can afford neither quitting measures
nor appropriate therapy, at least this is the situation
in developing countries [17]. Estimated relative
risks for COPD mortality among smokers com-
pared to non-smokers range from 2 to 32, depend-
ing on factors such as age, sex, smoking history
[15, 18]. According to the World Health Organisa-
tion, approximately 90% of all health care of
COPD in men and 80% of all costs of COPD in
women, are attributable to smoking [7]. It is esti-
mated that between 1994-2015, the increase in the
burden of smoking-related COPD will be greater
in females than in males, notably in developing
countries, with a 142% and 43% increase preva-
lence, respectively [14, 16].

Active smoking is a major risk factor for COPD

Smoking is by far the most important cause of
COPD and emphysema [1-2, 11, 18-21] (fig. 3).
These diseases might be coined “chronic smoking
diseases” as it accounts for 80 to 90% of the risk in
developed countries. But the disorder appears with
a 10- to 20-year time lag [22]. To a large extent,
the alarming predictions of the burden of COPD
reflect the expansion and distribution of smoking.
Both cross-sectional and longitudinal studies con-
sistently show that long-term cigarette smoking
predisposes to COPD and to higher prevalence of

respiratory symptoms, higher risk of decreased
FEV1 [19, 23] and greater COPD mortality rate
than nonsmokers. There is also a strong dose-re-
sponse relationship between the amount of ciga-
rettes smoked and the rate of decline in FEV1 [24].
All that despite a “healthy smoker effect” [24]
which underestimates the real effects of smoking
and tends to hide the effects of smoking on spirom-
etry indices. Indeed, may be individuals who take
up early and regular smoking are those with good
respiratory health. Pipe and cigar smokers have al-
so but in a lower level, a higher COPD morbidity
and mortality rate than nonsmokers [25, 26]. Oth-
er types of tobacco use, specific to some areas are
surely risk factors for COPD, but literature is miss-
ing in this regard. It is noteworthy that exposure to
vapours, irritants, or fume, particularly in occupa-
tional settings, could provoke COPD on their own
[19, 27, 28]. Tobacco smoke and such exposure
may act additionally to increase the risk of devel-
oping COPD [28-30]. Data concerning the wide
individual susceptibility which makes smokers
with a similar amount of cigarettes unequal to-
wards the risk is extremely important. As a matter
of fact, only 15 to 30% of smokers may develop
clinically significant airflow limitation [11] where-
as as many as 10% of non-smokers will develop
COPD [11, 31]. In fact, recent data from Sweden
has shown that COPD prevalence in persistent
smokers over 75 years of age is 45%: 60% in
males, 25% in females, opposed to 20 and 14.5%
respectively in non-smokers of the same age [32].
Fletcher et al. [11] have proposed since 1977 a
model of decline of FEV1 over time, coming from
the first large-scale longitudinal study of smokers
carried out in London transport workers (fig.
4).This very simplified model illustrates two oppo-
site groups of smokers, one susceptible to the ef-
fects of tobacco smoke, the other not susceptible
and behaving just like those who have never
smoked. By the way, these authors have suggested
the outcome in FEV1 decline after stopping smok-
ing. The variability in susceptibility could result
from intervention of other risk factors, be it envi-
ronmental or host factors. The latter include genet-
ic determinants along with phenotypic susceptibil-
ity [31, 33-39]. Such host factors involvement
comes from the familial clustering of patients with

Fig. 3. - Tobacco is a major risk factor for COPD.
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early-onset of COPD [33] as well as from differ-
ences in prevalence of COPD among different eth-
nic populations [33, 34, 39, 40]. The genetic deter-
minants of COPD are complex [31-38]. Many can-
didate genes potentially responsible for COPD
were described (38): α1antitrypsin gene (α1 AT),
α1chymotrypsin genes, α2 macroglobulin genes,
the vitamin D binding protein genes, and the
blood-serotype group genes, cytochrome P450 A1,
etc. Those involved in the pathogenesis of COPD
are: extracellular superoxide dismutase, secretory
leucocyte proteinase inhibitor, cathepsin G. How-
ever, only α1 AT deficiency, which is a mono-
genetic disease and represents less than 1% of pa-
tients with COPD, has been demonstrated to lead
to early emphysema whose risk is increased by
smoking (19). Moreover, the α1 AT gene is highly
polymorphic with more than 75 different alleles,
the more common variants being the alleles M, S,
and Z. The homozygous for the Z allele are more
prone to develop a severe α1 AT deficiency.
Among the association between different geno-
types and the development of COPD, an MZ geno-
type is a higher risk factor than an MM genotype
[41]. Besides, phenotypic traits such as gender,
bronchial responsiveness, and atopy are consid-
ered relevant risk factors for the development of
COPD [19, 42]. The role of gender is controver-
sial: the first studies suggested a greater COPD
prevalence and mortality in men than in women,
which may originate in not taking into account cig-
arette smoking and occupational exposure [20, 25,
43]. More recent studies suggested a higher female
vulnerability to cigarette smoke [44-47], may be
due to higher airway hyperresponsiveness in fe-
males [45]. The Lung Health Study [48] would
tend to place males and females at the same level
of susceptibility to the deleterious effects of ciga-
rette smoking. The increasing rate of smoking
among women particularly in developed countries
and their taking up smoking at a younger age, her-
ald a high toll in smoking morbidity and mortality
among women over the coming decades [16]. Sim-
ilarly, nutritional depletion [49] and low educa-
tional level [50], which are characteristic of low
income countries, are correlated with the worst
prognosis in COPD patients.

To conclude, active cigarette smoking ac-
counts for most cases of COPD. The age of start-
ing to smoke, total pack-years, and current smok-
ing status are predictive of COPD mortality. But it
is likely that there are important interactions be-
tween environmental factors and genetic predispo-
sition to develop COPD, explaining a large hetero-
geneity in response to cigarette smoke.

Could passive smoking lead to COPD?

Environmental tobacco smoke (ETS) composi-
tion is qualitatively similar to mainstream smoke
and causes inflammatory effects. Besides, as ETS
persists for a long time after smoking, it interacts
with other environmental pollutants.

In children

For certain, ETS is harmful particularly in ear-
ly childhood [19, 51-62]. It is partly because a
growing lung is vulnerable, and hazards in this
phase of rapid alveolar development could be irre-
versible. Moreover, even intra-uterine exposure to
smoke, causes smaller airways and alterations of
both lung growth and maturation of the foetal lung.
It leads to alteration of the immune system [53]
and to decreases in lung function, not only just af-
ter birth and in the short-term [53-57], but also lat-
er on and throughout life [58, 59]. In addition, a
smoking mother exposes the new-born to a lower
weigh which is a risk factor for infection and could
pave the way for COPD development [53], all the
more as cigarette smoke impairs the immune de-
fence system. It is in line with the phenomenon of
the “horse racing effect” of Fletcher, according to
which individuals with a lower level of lung func-
tion had an accelerated decline demonstrated in
studies such as: the East Boston Study [60] where
FEV1 was reduced to 93% of the maximum rate
over a 5 year period in exposed non-smoking
school children aged 6-19 years. In the Harvard
Six Cities Study [61] involving 8,706 children
aged 6-9 years with a 12 year follow-up, a small
but significant reduction of lung growth was found
with an average of -3.8 mL/yr of FEV1, -14.3 mL
/yr of mid expiratory flow rate MEF 25-75%, 2.8
mL/yr of FVC in children aged 6-10 years, but not
in older children. A recent metaanalysis of 21
cross-sectional studies in school children exposed
to ETS found a decrease of 1.4% of FEV1, 5.0% of
MEF 25-75% and 4.3% of end expiratory flow rate
[62]. A recent study from 37 areas participating in
the ECRHS [63], including interviews and ques-
tionnaires of 18,922 subjects aged 20-44 years
from random population samples, showed the neg-
ative impact of intrauterine and environmental ex-
posure to parental ETS, on the prevalence of respi-
ratory symptoms, reduced FEV1 and increased air-
way obstruction. According to the authors, early
exposure in life to tobacco smoke, may lead to air-
ways structure changes during the maturation
march, particularly during the foetal life in fe-
males, and during the postnatal life in males. The
risk of developing COPD is greater in young

Fig. 4. - Model of longitudinal decline in FEV1 (modified from
Fletcher 1977 ref. 11).
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adults previously exposed to parental cigarette
smoke. But on the other hand, other longitudinal or
cohort studies such as the Tuscon Study (64) found
no adverse effect on lung function or lung growth
in relation to ETS exposure.

In adults

Indeed, most studies have focused on the im-
pact of ETS on wheezing, asthma, and low respi-
ratory tract infection in childhood. Yet, the decre-
ment in lung function, although small but signifi-
cant, was observed in adolescents [61, 62] and
adults [64]. Whether the lung impairments in early
life due to smoke exposure could per se lead to
COPD is still being questioned. In a recent gener-
al review by Jaakkola [52], the results of 15 cross-
sectional and two longitudinal studies related to
home and workplace exposure to ETS and its lung
function in adults, were inconsistent. Nevertheless,
nine out of these studies showed a significant neg-
ative effect on FEV1 ranging from 50 mL in Sin-
gapore [65] to 257 mL in China [66]. None of the
two longitudinal studies in adults, corroborated by
other studies, demonstrated a significant decline in
lung function over time. A more recent review by
Jaakkola [67] has reported the impact of ETS on
the development of or mortality from COPD. All
three case-control and three longitudinal studies
showed an increased risk in high ETS exposure
categories. The excess risk was estimated to be
from 60% to >400%. The estimated excess risk of
developing COPD related to previous ETS expo-
sure ranges from 30 to >100% [52]. It is likely that
the impact of ETS exposure on lung function in
adults is dependent on many factors such as: dura-
tion and intensity of exposure [64], housing and
workplace conditions which imply indoor and/or
occupational pollutants, not to mention individual
susceptibility. It is considered, by and large, that
the impact of ETS exposure in adulthood on lung
function is less harmful than in childhood. Studies
directed on the effects of ETS exposure on the de-
velopment of diagnosed COPD are limited and
sometimes difficult to interpret. On six studies cit-
ed by Jaakkola [52], three included asthma in the
definition of COPD because of the overlapping of
the two disorders in adults. The higher risk for de-
veloping the condition was associated with cumu-
lative ETS exposure in childhood and adulthood
[68]. It is likely that the risk may increase with a
higher level of exposure [69] and possibly with
overt or other hidden environmental factors. On the
other hand, latent adenal virus respiratory infection
could favour the development of COPD [70].

How does tobacco smoke cause COPD?

As previously seen, cigarette smoke is by far
the most important cause of COPD. COPD is de-
fined as a chronic inflammation of the airways, in-
cluding the parenchyma and the pulmonary vascu-
lature. The master word in COPD mechanisms is a
specific, persistent inflammation, different from
that of asthma [1, 37, 71-73] and associated with

progressive, irreversible airway obstruction. Three
other processes accompany and interact with in-
flammation: imbalance of both the proteases-an-
tiproteases, the oxidants-antioxidants, and improp-
er repair mechanisms [1, 37, 71] (fig. 5).

Fig. 5. - Pathogenesis and pathophysiology of COPD (mainly related
to tobacco smoke).

Inflammation

Cigarette smoke, by virtue of the toxic and ir-
ritant effects of its numerous constituents, induces
in the lung of humans and experimental animals an
accumulation of inflammatory cells, which are re-
cruited and activated. These cells release prote-
olytic enzymes, a source of lung tissue destruction.
The damages include ciliotoxicity, mucus hyper-
secretion and matrix destruction. As evidenced in
bronchioalveolar lavage (BAL), induced sputum
or bronchial-biopsies in smokers with COPD,
there is an increase in inflammatory cells, particu-
larly neutrophils, macrophages, and T lympho-
cytes predominantly CD8+ T cells (which are cy-
totoxic) [73-77]. Macrophages may play a critical
role in the inflammatory process, not only in initi-
ating but also in perpetuating the proteolytic activ-
ity in the lungs of patients with COPD / emphyse-
ma [73-76]. They are activated by cigarette smoke
and other environmental irritants, releasing in-
flammatory mediators such as neutrophil-chemo-
tactic factors, interleukin 8, leukotriene B4 which
in turn promote neutrophilic inflammation. All
these mediators have been found at a higher level
in induced sputum of patients with COPD. Their
levels are correlated with the disease severity [73,
78]. AM are recruited to the damage sites and are
concentrated in large and small airways and the
centroacinar zones where alveolar destruction is
most marked [75]. The concentration of AM and T
lymphocytes, but not neutrophils in the alveolar
wall, are correlated with the degree of emphysema
[75]. Tumor necrosis factor α is also increased in
the sputum of COPD patients [73-75, 77, 80] and
may activate the transcription of nuclear factor-Kb
which switches on the transcription of the IL 8
gene in epithelial cells and macrophages [36, 79].
The increase of neutrophils is also a feature of
COPD as demonstrated in sputum and BAL fluid
of patients with COPD [73, 82, 83] where their
concentration is higher than in smokers without
COPD [73]. Their concentration is lower in
bronchial-biopsies suggesting their rapid transit



COPD AND TOBACCO SMOKE

from the circulation into the airway luminen [71].
Neutrophil activation releases myeloperoxidase
(MPO) and human neutrophil lipocalin present in
great concentration in induced sputum [84]. In-
creased lymphocytes is found in the mucosa and
the alveolar parenchyma [75-77], with T lympho-
cyte burden directly correlated with the severity of
emphysema [75]. T cells may accelerate apoptosis
and destruction of epithelial cells through the re-
lease of perforins and TNF-α [85]. The main in-
flammatory effects driven by inflammatory cells
and their mediators are: squamous metaplasia of
the epithelium with loss of cilia, mucus gland en-
largement, thus hypersecretion and luminal ob-
struction, disrupted alveolar attachments and
parenchymal destruction, mucosal oedema and
peribronchial fibrosis. It is noteworthy that once
initiated by cigarette smoke, the inflammatory
process in the airways may persist even in healthy
smokers as suggested by bronchial-biopsies [73,
83]. It persists albeit at a lesser level after quitting
[86, 87]. On the other hand, cigarette smoke drives
a release of neuropeptides from the airway senso-
ry nerves which exacerbate the bronchoconstric-
tion [88].

Imbalance proteases-antiproteases

There is a complex interaction between the in-
flammatory cells and the proteolytic enzymes they
release, and the proteases-antiproteases system
(fig. 6). Alveolar macrophages orchestrate the pro-
duction of proteases through their mediators, es-
sentially: neutrophil chemotactic factors, TNF-α,
IL 8 and LT B4, which in turn activate neutrophil
to do the same [1, 37]. Whereas neutrophil elastase
remains the major protease behind the emphysema
in α1 AT deficiency, which represents only <1% of
COPD cases, other proteases are implicated in the
destruction of lung parenchyma in smoking-relat-
ed emphysema by degrading elastin and collagen
[89]. They include neutrophil proteinase 3, neu-
trophil cathepsin G, cathepsin B, L, S, and K, re-

leased form AM, and various matrix metallopro-
teinases (MMP) derived from AM and neutrophils
[89, 90]. All these proteases have been found in
high concentration in BAL fluid of patients with
emphysema [90-93]. Besides, some proteases like
neutrophil elastase, and protease3 [94] induce mu-
cus hypersecretion from goblet cells [95, 97]. In
normal conditions, proteolytic enzymes are coun-
teracted by endogenous antiproteases. In smokers
without and notably with COPD [73, 93], there is
excessive production and activity of proteases, and
imperfect repair mechanism, probably due to the
insufficient production or function of antiproteases
[71, 97]. The main proteases inhibitors are α1 AT,
secretory leucoproteases inhibitor (SLPI), tissue
inhibitor of metalloproteases (TIMP-1, TIMP-2,
and TIMP-3). It was suggested that variants in the
TIMP-2 gene may predispose to COPD [98]. Am-
plification of the imbalance proteases-antiprotease
driven by cigarette smoke may be exacerbated by
latent adenal viral infection [70].

To sum up, cigarette smoke-related COPD
causes neutrophilic and macrophagic inflammation
of the lung which disrupt the proteases-antiproteas-
es balance in favour of excessive production of pro-
teases and defective production or function of en-
dogenous antiproteases, leading to alveolar wall
destruction and mucus hypersecretion [97].

Imbalance oxidants-antioxidants

High concentration of diverse oxidants are di-
rectly released in cigarette smoke [94] or secon-
darily formed by chemical processes during in-
halation [96] (fig. 7). Each puff contains 1x1014-
1016 of reactive free radicals present in both the tar
and the gas phases of cigarette smoke [99, 100,
103]. Besides, during cigarette smoking, reactive
free radicals are released from neutrophils and AM
migrated, sequestrated and activated in the micro-
circulation and the airspaces [37, 102]. Aggressive
oxidants like superoxide (O2_), superoxide dismu-
tase (SOD), hydrogen peroxide (H2O2), hydroxil

radical (-OH), myeloperoxidase
(MPO), nitrosil (NO), etc. are pro-
duced [101, 102]. Many oxidants
are found in high concentration in
the breath of patients with stable
COPD and during exacerbation
[103], in the epithelial lining fluid
and in the urine in cigarette smok-
ers with or without COPD [104].
Besides, in a so-called “coopera-
tive effect”, the oxidative stress
inactivates antiproteases (SLPI,
α1AT, TIMPs) [1, 98, 104, 105]
and activates proteases. Whereas
in normal conditions oxidants are
fully counterbalanced by antioxi-
dants, the oxidant injury induces a
decrement in antioxidant capacity
in stable COPD and much more
during exacerbation. For instance
there is a decrease in production
or function of antioxidants likeFig. 6. - Imbalance of Proteases - Antiproteases.
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glutathion (GSH) [106-110] vit A, vit C, vit E [1,
102, 108, 111], betacarotene, selenium etc. [102].
This deleterious effect is partially prevented by
GSH in concentrations (500 µM) present in the ep-
ithelial lining fluid [105]. Hence, dietery deficien-
cy could favour the development of COPD and an-
tioxidants supplementation could be a possible
preventive therapy against or at least could retard
the development of COPD [102, 108]. The oxida-
tive stress also triggers gene expression of pro-in-
flammatory mediators such as IL 8, NO, and TNF-
α through transcription factor NF-kB, thus in-
creasing the inflammatory process [37, 79]. The
imbalance oxidants-antioxidants contributes to a
variety of damages, beginning with epithelium in-
jury and increased epithelial permeability [101,
103] which occur at an early stage of cigarette-
smoke exposure and paves the way for other dam-
ages. It provokes vascular tone dysfunction [112,
113], mucus hypersecretion, plasma leakage and
bronchoconstriction (by increasing the airway hyper-
responsiveness) [37, 114], destruction of cells and

constituents of the extracellu-
lar matrix [1, 101, 111, 112].

Improper repair
mechanisms

Inflammation initiated
and perpetuated by cigarette
smoke, leads per se and also
through the imbalance of
proteases-antiproteases and
oxidants-antioxidants, to re-
peated cycles of injury and
repair of the airways and
parenchyma. It has been
demonstrated that cigarette
smoke particularly aldehyde
and acrolein, reduces in a
dose-dependent way, the mi-
gration and proliferation of
human epithelial cells, as
well as the production of fi-
bronectin and tumor growth
factor-β (TGF-β). Cigarette

smoking also impairs the capacity of the fibrob-
lasts to contract collagen gels [115, 116]. Incom-
plete repair process could lead to tissue remodel-
ling, the main component of irreversible airway
obstruction. It is due to qualitative and/or quantita-
tive defects in fibroblast function, increased accu-
mulation of collagen and scar tissue [116, 117]
(fig. 8). Several mediators and particularly TGF-β
are involved in this process, provoking on the one
hand elastolytic destruction, increased collapsibil-
ity of the lung and loss of elastic recoil [1, 117].
On the other hand, it provokes pulmonary arterial
muscalarisation [1, 118, 119] with an increased
amount of shortened and thickened smooth mus-
cle, responsible for a greater degree of contraction
and therefore a greater increase in airflow resis-
tance. Oedema and proteoglycan and collagen ac-
cumulation increase submucosal and adventitial
tissue. The reversible features of airway obstruc-
tion which could be targetted by therapy are, to
some extent, airway smooth muscle contraction,
accumulation of inflammatory cells, mucus and

plasma exudates in the peripheral
airways and the dynamic hyperin-
flation during exercise [97].

Smoking and the course 
of lung funcion

The course of lung function de-
pends on factors operating in utero
and early life during the growing
period of lung, and also during
adulthood [120, 121]. In normal
conditions, lung function reaches
its optimal value at 20-25 years of
age, followed by a “plateau-phase”
from 20 to 40 years, followed by a
progressive decline [43, 120-124].
Many factors could predict sepa-
rately or in combination, the devel-

Fig. 7. - Imbalance of oxidases-antioxidases.

Fig. 8. - Improper repair mechanisms.
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the other hand [11, 125-127]. It is considered ac-
cording to these models, that from 25-30 years on,
non-smokers in the general population lose FEV1
at a mean rate of 25-30 mL/year with age. Among
smokers, those who are susceptible to cigarette
smoke lose much more than non-smokers, 60 to
200 mL/year. The maximum decline was observed
when α1 AT deficiency is associated. Non suscep-
tible smokers have a FEV1 decline which could be
either slightly more than those who never have
smoked or a more pronounced decline but without
COPD (fig. 9). Besides, airway responsiveness, in-
dependently from smoking condition, might play a
role in the decline of FEV1 [120, 130], suggesting
that high prevalence of airway responsiveness and
the greater decline of FEV1 associated with it,
should be considered as a high risk factor for the
development of COPD particularly in smokers.

Smoking and exacerbations of COPD

In normal conditions, the tracheo-bronchial
tree is sterile. Combined mucus hypersecretion, re-
duced clearance, and impairment of the lung de-
fence mechanisms explain why COPD patients
even with stable condition carry potential respira-

tory pathogens in significant con-
centration, paving the way for in-
fection. Infection and air pollution
are among the main risk factors for
acute exacerbations of COPD (AE-
COPD) [131-133]. There is no sur-
prise that active smoking induces
more frequent exacerbations [131-
133] by enhancing the airway in-
flammation in an additive manner
with inflammation caused by bac-
teria [134]. That is suggested by
the positive correlation existing be-
tween the cumulative quantity of
cigarettes smoked and the increase
of neutrophils and inflammatory
indices in BAL fluid [135]. Inflam-
matory indices increase also in
bronchial biopsies or in sputum
[136, 137] as well as markers of
oxidative stress [138, 139]. In
COPD patients followed after dis-
charge, current smoking is among
the most frequent factors of exacer-
bations ranking four (26%), after
lack of pulmonary rehabilitation
(86%), poor inhaled technique
(43%) and lack of influenza vac-
cine (28%) [140]. Increased
eosinophilic inflammation ob-
served during exacerbation may re-
sult from cigarette smoke [141,
142]. It is directly correlated with
concentration of neutrophils and
inversely with FEV1. This may ex-
plain the beneficial therapeutic ef-
fect of systemic corticosteroid in
AECOPD [143]. Chronic colonisa-
tion in COPD patients with poten-

Fig. 9. - Active smoking & lung function.

Fig. 10. - Vicious Circle Hypothesis.
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opment of COPD: a sub- optimal growth of the
lung, a premature start of decline, and an acceler-
ate decline in lung function [123]. Fletcher et al.
[11] were the first to put forward the importance of
the initial level of FEV1 as a predictor of decline in
smokers. The phenomenon termed “the horse rac-
ing effect”, means that individuals with lower lev-
el of lung function may have an accelerate decline
in FEV1 [127]. As seen before, passive smoking
could contribute to a decline in FEV1 of 5-7% in
children by 14 years of age [128], essentially due
to in utero exposure [54-59]. On the other hand,
children and adolescents beginning to smoke at 15
years of age and continuing to smoke, would have
8% less of their expected FEV1 by 20 years of age
[129]. The earlier the smoke exposure, be it pas-
sive or active, the greater the level of decline in
lung function [2]. The natural history of the de-
cline of FEV1 shows a large heterogeneity with
rapid or progressive decline for some individuals
whereas others have a nearly similar slow decline
than healthy individuals over years of follow-up.
There are models of longitudinal decline in FEV1
according to smoking or non-smoking conditions
on the one hand, and within smokers according to
their level of susceptibility to cigarette smoke on
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marised in the 1990 Surgeon Generals’ Report on
the health benefit of smoking cessation [18], fol-
lowed by other recent studies [43, 146, 149], have
confirmed this trend. For instance, a longitudinal
study over a 6 year period on 4,451 men aged 45
to 68, showed a steeper decline of FEV1 in invet-
erate smokers whereas it was lower and similar in
those who had never smoked and those who had
smoked in the past, at baseline. Moreover, the de-
cline of FEV1 decreases in quitters during the first
2 years of follow up. However, symptoms persist
several years after cessation when smoking starts
at a younger age and when per day consumption is
high, irrespective of gender [151]. On the other
hand, benefits occur within a few years of smoking
cessation as demonstrated in other studies [2, 48].
One of the most and prominent studies is the Lung
Health Study which has demonstrated the possibil-
ity to reverse the decline in FEV1 with intensive
intervention programme in smokers with early
signs of airway obstruction and reduced expiratory
flow, whereas improvement with bronchodilator
was smaller, non-cumulative and reversed when
the drug was discontinued [48] (fig. 11). Improve-
ment in FEV1 during the first year was 2.5 times
better in female than in male sustained quitters
[151]. The earlier the quitting, the better the im-
provement in FEV1, once again, with better per-

formance in female (4.3% versus
1.2% in male) when quitting occurs
at 20 years old. Conversely, one
study has reported a better perfor-
mance in male quitters aged 15-55
years with a greater reduction in
FEV1 decline than in female: 20.6
mL versus 15.7 mL, the discor-
dance being explained by different
statistical methods and by con-
founding factors such as indoor or
outdoor environmental exposure
[47]. Data from the Health Lung
Study has also shown that the ben-
efit of smoking cessation in smok-
ers with mild-to-moderate lung
function impairment significantly
reduced the number of hospitalisa-
tions and mortality due to cardio-
vascular and coronary artery dis-
eases [152]. Benefits from rehabil-
itation programmes in terms of im-
provement in quality of life have
been evidenced by many studies
summarised in the GOLD report
[1]. Because rehabilitation pro-
grammes may give better benefits
to quitters than sustained smokers
[153] (Evidence B), involvement
of COPD patients in smoking ces-
sation is generally considered as a
prerequisite to inclusion in rehabil-
itation programmes. Besides, one
recent study has demonstrated an
improvement in both direct and in-
direct airway hyperresponsiveness
after one year smoking cessation

Fig. 11. - Impact of smoking cessation on the evaluation of COPD.

Fig. 12. - Stopping smoking helps at any time, the sooner the better.
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tial respiratory pathogens could trigger through re-
lease of bacterial products, perpetuated inflamma-
tory response, and increased elastolytic reactivity,
both susceptibility to cigarette smoke and acute
exacerbation, leading in a vicious circle to deterio-
ration of COPD [144] (fig. 10). The Lung Health
Study had shown that in smokers followed up for
5 years and continuing to smoke, lung function is
deteriorating more rapidly with a loss of 7 mL in
FEV1 at every additional exacerbation when
smokers experienced one lower respiratory illness
a year, and a greater decline for more than one
lower respiratory illness a year [145].

Impact of smoking cessation on COPD

It has been established that to date, smoking
cessation is the most effective and in essence the
only measure to slow down the progression of
COPD [1, 11]. Fletcher et al. [11] were amongst
the first to have shown that the rate of decline of
FEV1 becomes slower after smoking cessation and
parallels the level of non-smokers. According to
their model, in sustained quitters, regardless of
their age and even with already impaired lung
function, the decline of FEV1 is slower and the on-
set of disability and death is delayed. But the soon-
er, the better. Other longitudinal studies sum-
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without significant changes in lung function
whereas inflammatory cell count in sputum in-
creased [154]. But, given that quitting could be
very difficult in heavy smokers, it was suggested
that smoking reduction could help. In my opinion
it could only be considered as a transcient step in
the management of COPD, the ultimate objective
remaining smoking cessation. Anyway, unassisted
smoking reduction is not effective in terms of
harm reduction according to a recent study. A re-
duction of more than half the number of cigarettes
smoked per day, does not reduce cardiovascular
nor smoking-related cancer mortality nor the risk
of hospital admission for COPD in comparison
with heavy smokers [155].

To conclude, as stated in the GOLD report:
“Smoking cessation is the single effective and cost
effective way to reduce exposure to COPD risk fac-
tors (Evidence A). Quitting smoking can prevent or
delay the development of airflow limitation or re-
duce its progression” [1]. Stopping smoking helps
at any time, the sooner the better (fig. 12). Rehabil-
itation is the gold standard of care for COPD pa-
tients. The main objectives of pulmonary rehabili-
tation are to reduce symptoms and disability, in-
crease participation in physical and social activities
and thus improve the overall quality of life, and fi-
nally reduce the management cost of the disease.
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