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Abstract : The influence of long-term cigarette smoking on the pathophysiology of

chronic respiratory diseases with obstructive ventilatory dysfunction was discussed in

patients with asthma and pulmonary emphysema (PE). 1. In patients with asthma,

significant differences in the pathophysiology of the disease were observed between

smokers and nonsmokers. A positive RAST score against inhalant allergens, bronchial

hyperresponsiveness, and LTB4 generation by leucocytes were significantly more in

creased in smokers than in nonsmokers. The values of FEV1/FVC and OLco were sig

nificantly more decreased, and %RV was significantly more increased in smokers than

in nonsmokers. 2. In comparison of asthma with PE, IgE-mediated allergy was signifi

cantly more increased in smokers with asthma than in nonsmokers with asthma and in

smokers with PE. The values of %FEV1, FEVl %, and %OLco were significantly higher

in nonsmokers with asthma than in smokers with PE, however, the %OLco and %RV

were not significantly different between smokers with asthma and those with PE. The

%LAA of the lungs on HRCT was larger in patients with PE than in smokers and non

smokers with asthma. The results suggest that cigarette smoking influences the

pathophysiology of asthma and PE.
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Introduction

Cigarette smoking has been reported to be

closely related to the onset mechanism of chronic
obstructive pulmonary disease (COPD) I, 2) . It

has been shown that 80-90% of all COPD pa

tients have a history of smoking 3) , and patients

with mild COPD can reduce their symptoms by
stopping smoking').

The influences of cigarette smoking on

pathophysiology of asthma have been shown:

adult onset of asthma is not associated with

ever-smoking, however, current smoking is

found to increase asthma severityS). Ever-smok

ing for 3 years is found to increase the risk of

asthma two-fold 6). The exposure to ETS (envi

ronmental tobacco smoke) causes the onset of

childhood asthma and exacerbation of symptoms
throughout life 7, 8) .

The possibility for risk of active smoking for

developing adulthood asthma still remains cont

roversial. Several studies have supported higher

incidence of asthma in current and former
smokers, compared with never-smokers 9 ,IO).

Our previous studies have shown that long

term cigarette smoking influences the patho

physiology in elderly patients with asthma11) •

The ratio of expiratory low attenuation area

(IAA) against inspiratory IAA (exp IAA/ins

IAA) was significantly higher in ever- smokers

than in never-smokers of asthmatics, and the

ratio was less than 0.5 in all never-smokers,

and the ratio was more than 0.5 in 10 of 20

ever-smokers of asthmatics and in all patients

with pulmonary emphysemaII). These results

suggest that the pathophysiology is different be

tween asthma and pulmonary emphysema, and

the pathophysiology of asthma is influenced by

cigarette smoking.

LAA of the lungs on HRCT

In recent years, it has been suggested that

computed tomography (er) scanning is a sensi

tive technique of detecting emphysematous le

sions in patients with COPD. The relative areas

of the lungs that has attenuation values lower

than -950 Hounsfield Units (HU) on high-reso

lution Cf (HRCf) scans obtained at full inspira

tion can be an objective measure of the extent
of pulmonary emphysema12,13). Pulmonary em

physema is defined in structural terms as la con

dition of the lung characterized by abnormal en

largement of airspaces distal to the terminal

bronchiole, accompanied by destruction of their

walls l1'). Our previous studies have shown that

spa therapy is effective in patients with pulmo

nary emphysema, evaluated by improvement of

ventilatory function and hyperinflation of the
lungs1S-181. Subjective symptoms, ventilatory

function are improved by spa therapy in patients

with pulmonary emphysema. Furthermore, IAA

<-950 HU of the lungs on HRCf, which is

characteristic of pulmonary emphysemaI2
,13I, and

is associated with residual volume (RV) , shows
a tendency to decrease by spa therapy17, 18) .

The IAA of the lungs on HRCf is also ob

served in patients with asthma closely associated

with aging, and cigarette smoking. Spa therapy

is also effective in patients with asthma accom

panied with emphysematous changesI9
-
2I):

Paganin et al. found that patients with asthma

did develop emphysema and that the extent of

permanent abnormalities increased as a function

of the severity and duration of both allergic and

nonallergic asthma22
). In contrast, Mochizuki et

al. found no patients with emphysema among

nonsmokers, including those with severe asthma

or asthma of long duration, suggesting that

asthma alone does not lead to emphysema231 .
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Asthma and cigarette smoking

Ventilatory function

Long-term cigarette smoking influences

ventilatory function in patients with asthma. The

%FVC value was not significantly different be

tween smokers and nonsmokers of asthmatics

(Fig. 1). In contrast, the FEVl/FVC (FEVI %)
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Fig.2. Comparison in FEV1.0% between smokers and
nonsmokers of asthmatics. a:p<O.OS.

The %FEVI was not significantly different be

tween smokers and nonsmokers of patients with

asth-ma. The results suggest that cigarette

smoking might be related to exacerbation of

asthma symptoms.

Bronchial hyperresponsiveness

Bronchial hyperresponsiveness to methacholine

was significantly increased in smokers compared
with nonsmokers of asthmatics (p<0.001)26,27)

(Fig. 3). A correlation between serum IgE
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Despite the findings, the LAA of the lungs on

HRCf24), and a reduction in computed

tomographic lung density25) were observed in pa

tients with asthma.

In our previous studies, we evaluated the

presence and the severity of LAA of the lungs

in patients with asthma and COPD using HRCf.

The results suggest that LAA in asthma is more

closely related to hyperinflation or non-emphy

sematous expiratory airflow limitation than to

emphysematous changes, and that asthma does

not lead to emphysema, however, asthma +

smoking leads to emphysema.

Smokers Nonsmokers
Patients

Fig.1 . Comparison in %FVC value between smokers
and nonsmokers of asthmatics

value was significantly larger in nonsmokers than

in smokers of asthmatics (p<0.05) (Fig. 2).

nonsmokers smokers
Patients with asthma

Fig.3. Comparison in bronchial hyperresponsiveness to
methacholine between smokers and nonsmokers
of asthmatics, a: p<0.001.

levels and bronchial hyperresponsiveness was

not found in patients with asthma. In asthmatics

with serum IgE levels between 0 and 150

IU/ml and between 151 and 350 IU/ml, bron

chial hyperresponsiveness was significantly higher

in smokers than in non-smokers, however, in
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those with serum IgE more than 350 IU/ml,

no significant difference was .found between

smokers and nonsmokers (Fig. 4). The results
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Fig.5. Comparison in bronchial hyperresponsiveness to
methacholine between smokers and nonsmokers of
asthmatics in relation to age. a : p<O.OS, b: p<O.OOl.

Leukotriene 84 (LT84) and C4 (LTC4) genera

tion by leucocytes

Leukotrienes (LTs) are pro-inflammatory me

diators that contribute to pathophysiology of

asthma: LTC4 induces bronchoconstrictor effects,

increases mucus formation, and induces bron

chial wall edema, and LTB4 stimulates

neutrophil chemotaxis and activates these cells,

leading to the release of mediators and super

oxides, and might be related to an increase in

bronchial hyperresponsiveness28
).

The generation of LTB4 by leucocytes was

significantly more increased in smokers than in

nonsmokers of asthmatics (p< O. 00l) (Fig. 6).
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suggest that the influence of cigarette smoking

on bronchial hyperresponsiveness was stronger

than IgE-mediated allergy in patients with

serum IgE level less than 350 IU/ mI. In

contrast, in those with serum IgE more than

350 IU/ml, the influence of IgE-mediated

allergy on bronchial hyperresponsiveness might

be stronger than that of cigarette smoking.

Bronchial hyperresponsiveness tended to de

crease with' aging both in smokers and non

smokers of asthmatics. Bronchial hyper

responsiveness was significantly more increased

in smokers. than in nonsmokers in asthmatics

between the ages of 60 and 69, and over

age 70 years. However , bronchial hyper

responsiveness was not significantly different be

tween the two groups in those between the ages

of 50 and 59, and under age 49 years (Fig. 5).

0-150 151-350 350< 0-150 151-350 350<

Serum IgE (IU/ml)

nonsmokers smokers

Patients with asthma
Fig.4. Comparison between bronchial hyperresponsiveness to

methacholine and serum IgE level in patients with asthma
in relation to cigarette smoking. a: p<O.OOl, b: p<O.Ol.
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Fig.7. Comparison in leukotriene 84 generation by
leucocytes between smokers and nonsmokers of
patients with asthma in relation to serum IgE
levels. a : p<0.01, b: p<0.02.
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Fig.9. Comparison in leukotriene C4 generation by
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patients with asthma.
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Fig.8 Comparison in leukotriene 84 generation by
leucocytes between smokers and nonsmokers of
patients with asthma in relation to age. a: p<O.Ol,
b: p<O.OO1.

130 1. T
!? 120

" 110
".. 1000

;; 90If)...
80"".5

c: 70
0
~ 60
co... 50'"c:

" 40
""~ 30 -
lC
f-
...J 20

10
o -

U :Smoker

• :Nonsmoker

and over age 70 (p<O.OOl) years. However,

the difference between the two groups was not

significant iri those between the ages of 50 and

59 and under age 49 years (Fig. 8) ..

The generation of leukotrieneC4 by leucocytes

was not significantly different between smokers

and nonsmokers of asthmatics (Fig. 9) .
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Fig.G. Comparison in leukotriene 84 generation by
leucocytes between smokers and nonsmokers of
patients with asthma. a : p<O.OOl.

The LTB4 generation was related to serum 19E

levels in nonsmokers of asthmatics, and the

LTB4 generation in patients with serum 19E

more than 350 IU/ ml was significantly larger

than the generation in those with serum IgE be

tween 151 and 350 IU/ml and less than 150

IU/ml, but not in smokers (Fig. 7).

The LTB4 generation by leucocytes was not re

lated to patient age. A significant difference be

tween smokers and nonsmokers was found in pa

tients between the ages of 60 and 69 (p<O.OI)-,

The LTC4 generation showed a tendency to in

crease as serum IgE levels increased. The LTC4

generation by leucocytes from nonsmokers of

asthmatics was significantly larger in patients with
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Fig.l1. Comparison in leukotriene C4 generation by
leucocytes between smokers and nonsmokers of
patients with asthma in relation to age. a: p<O.Ol .
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Characteristics of asthma with a long history of

smoking

The pathophysiology of asthma is influenced

by long-term cigarette smoking. IgE-mediated

allergy is enhanced by cigarette smoking29
). Ex

posure to cigarette smoke increased sensitization

to food allergens in the few years of life30
) , but

not associated with sensitization to inhaled aller

gens 7). Our previous studies have shown that

IgE-mediated allergy is affected by cigarette

smoking31l as well as aging32
). Table 1 shows

the pathophysiological characteristics in asthmat

ics with a long history of cigarette smoking. The

frequency of patients with positive RASf score

against inhalant allergens was significantly larger

in smokers than in nonsmokers of asthmatics.

Bronchial hyperresponsiveness to methacholine

was significantly more increased in smokers

than in nonsmokers. The generation of LTB4

by leucocytes was significantly larger in smok

ers compared with nonsmokers, but the LTC4

generation was not significantly different be

tween smokers and nonsmokers. Regarding pul

monary function, the values of FEVl%, %RV,

%DLco, and %LAA of the lungs on HRCT

were significantly different between smokers and

nonsmokers, as shown in Table 1 .
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Patients with asthma

Fig.l0. Comparison in leukotriene C4 generation by leucocytes
between smokers and nonsmokers of patients with asthma
in relation to serum IgE levels. a and b:p<O.05.
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serum IgE level more than 350 IU/ ml than in

those with serum IgE between 151 and 350 IU/

ml (p<0.05) and less than 150 IU/ml (p<

0.05). However, the LTC4 generation was not

significantly different among smokers of asth

matics regardless of serum IgE levels (Fig. 10) .

• •

The generation of LTC4 by leucocytes was not

related to patient age. A significant difference

between smokers and nonsmokers was found in

patients under age 49 years, and the generation

was significantly larger in smokers than in non

smokers (p<O. 01). However, the difference be

tween the two groups was not significant in pa

tients over age 50 years (Fig. 11) .
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Table 1. Characteristics of asthmatics with a history of
smoking more than 20 years (%)
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Fig.12. Frequency of patients with serum IgE over 200
IU/ml in asthma and pulmonary emphysema (PE)

patients with a positive RAST score against inha

lant allergens was significantly larger in smokers

with asthma than in nonsmokers with asthma

(p< 0.02) and than in smokers with pulmonary

emphysema (p<O.OO1) (Fig. 13) .
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Smoking 49.1
(pack-year)

IgE 451 440 N5
(IU/ml) (9-2929) (11-2918)

RAST'(%) 88.0 52.2 p<0.05

C min** 949 1677 P<0.02

LTB4 ! 107.7 77.3 p<O.OOl

LTC4 ! 48.8 46.3 NS
%FVC 80.1 84.0 NS
%FEVl 68.7 77.2 NS

FEV1/FVC 59.1 65.8 p<0.05

%RV 170.1 131.1 p<O.OOI

%DLco 70.1 88.4 p<O.OOI
%LAA*** 25.6 12.6 p<O.OOI

*Frequency of positive RAST against inhalant allergens.
**Minimum concentartion of methacholine causing
bronchospasm. ***Low attenuation area <-950 HU of the
lungs on HRCT. !: ng/5xl 05 cells. NS: not significant.
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The frequency of patients with serum IgE

level more than 200 IU/ ml was significantly

larger in smokers than in nonsmokers of asth

matics (p<O. 01). The frequency of these pa

tients was also significantly larger in smokers

with asthma compared with those with pulmo

nary emphysema (p<O. 001). The results sug

gest that cigarette smoking enhances IgE-medi

ated allergic reaction, but does not induce the

allergic reaction (Fig. 12) . The frequency of
Smoking

Asthma PE

Fig.13. Frequency of patients with a positive RAST
score against inhalant allergens in asthma and
pulmonary emphysema (PE)

Regarding each inhalant allergen such as

house dust mites (HDm), cockroach, and

Candida albicans (Cand), frequency of positive

RAST score against each allergen was higher in

smokers than in nonsmokers with asthma, and

the difference in RAST score against Cand was

significant between smokers and nonsmokers
(p< 0.02) (Fig. 14) .
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Fig.14. Positive RAST score for inhalant allergens in patients
wh:hasthma in relation to smoking. HOm: house dust mite,
*p<0.02.
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Pulmonary function

The values representing ventilatory function

such as %FVC, %FEVl, and FEVI % were not

significantly different between smokers and non

smokers with asthma. A significant difference

between smokers with asthma and those with

pulmonary emphysema was found in the values of

%FEVI and FEVI %, but not in %FVC (Fig. 15) .
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Fig.16. %OLco in asthma and pulmoanry emphysema (PEl
in relation to smoking

Hyperinflation of the lungs

The %RV value is closely related to % low

attenuation area (%IAA) of the lungs on HRCf.

The value of %RV was significantly higher in

smokers with pulmonary emphysema than in

nonsmokers with asthma. The value was also

significantly higher in asthmatics with O. 5 <

IAA ratio (expiratory IAA/ inspiratory IAA)

than in those with IAA ratio <0.5 (p<O. 05),

however, the difference between patients with

pulmonary emphysema of 0.5 < IAA and those

with asthma of 0.5 < IAA was not significant
(Fig. 17) 33) •

+ +
Smoking

Asthma PE

Fig.1S. %FVC, %FEV1, and FEVI % values in patients with
asthma and pulmonary emphysema (PEl.
• ,C, and d:p<O.OOl, b:P,O.Ol.

The value of %DLco in nonsmokers with

asthma was significantly higher compared· with

the value in smokers with asthma (p<O. 001)

and in smokers with pulmonary· emphysema

(p< 0.001) (Fig. 16) .
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Asthma PE

%Residual volume (RV) in patients with asthma and
pulmonary emphysema (PE).
*Ratio of LAA in expiration /lAA in inspiration
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(p<O.OOl) and in nonsmokers with asthma

(p<O. 001). Furthermore, the ratio was signifi

cantly more increased in smokers than in non

smokers with asthma (p<O.OOl) (Fig. 19) .
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Fig.20. Generation of leukotrienes 84 and C4 by leucocytes in
patients with asthma and pulmonary emphysema (PE).
a:p<0.001. b:p<O.01.
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Fig.19. Ratio of expiratory LAAllnspiratory LAA in patients with
asthma and pulmonary emphysema (PE) in relation to
smoking

LT84 and LTC4 generation by leucocytes

The LTB4 generation by leucocytes is influ

enced by cigarette smoking, but not LTC4

generation. The generation of LTB4 'was signifi

cantly smaller in nonsmokers with asthma com

pared with smokers with asthma (p<O.OO1)

and those with pulmonary emphysema (p< 0.01)

(Fig. 20).
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Fig.1B. %LAA of the lungs on HRCT in patients with asthma and
pulm,onary emphysema ~PE) in relation to smoking.

The ratio of expiratory LAA/' inspiratory LAA

was significantly higher in smokers withpulmo

nary emphysema than in smokers with asthma

The %LAA value of the lungs on HRCf was

significantly larger in smokers with pulmonary

emphysema than in smokers with asthma (p<

O. 001) and than in nonsmokers with asthma

(p<O. 001). A significant difference was ob

served in %LAA between smokers and non

smokers with asthma (p<O. 001). These results

demonstrate that cigarette smoking leads to

hyperinflation of the lungs expressed as an in

crease in %RVand %LAA of the lungs (Fig. 18) .
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SOD and CAT in patients with asthma.

Spa therapy, asthma, and pulmonary emphysema
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長期間喫煙による気管支唱息,肺気腫の病態的変

化

光延文裕,保崎泰弘,芦田耕三,清田全紀1),

岩垣尚史,藤井 誠,高田其吾,谷崎勝朗

岡山大学医学部 ･歯学部附属病院三朝医療センター

内科, 1)リハビリテ-ション科

長期間喫煙による気管支哨息および肺気腫の病

態的変化について若干の検討を加えた｡1.気管

支嘱息に関しては,喫煙例と非喫煙例との間に以

下のような病態的特徴に差が見られた｡吸入抗原

に対する特異的IgE抗体の陽性率,気道過敏性,

白血球のI:TB4産生能はいずれも,喫煙例で非喫

煙例に比べ有意の克進を示した｡また,喫煙例で

は,非喫煙例に比べ,FEV1%や%DI.coは有意の

低下,%RVは有意の増加傾向を示した｡2.棉

息と肺気腫の比較では,IgEにmediateされるア

レルギー反応は,嘱息の非喫煙例や肺気腫 (全て

喫煙例)に比べ,職息の喫煙例で有意の冗進が見

られた｡%FEVl,FEV1,%DIJo値はいずれも

嘱息の非喫煙例で,肺気腫と比べ有意に高い値を

示したが,%Dkoと%RV値には,哨息の喫煙例

と肺気腫の間に有意の差は見られなかった｡また,

肺のHRCT上の%I.AAは,肺気腫において,職息

の喫煙例,非喫煙例いずれよりも有意に高い値を

示した｡以上の結果より,長期間の喫煙が嘱息や

肺気腫の病態に影響を与えることが示された｡

キーワード:喫煙,肺機能,肺の過膨張,哨息,

肺気腫




