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Acute effect of cigaret te smoking on peak expiratory 
flow ra te and venti lat ion in resting Nigerian subjects 
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Summary 

T h e effects of cigarette smoking on peak 
expiratory flow rate ( P E F R ) and ventilation 
(V) in resting Nigerian subjec ts had been inves-
t igated in heal thy male subjects (10 smokers , 8 
non-smokers) . T h e P E F R , V and tidal volume 
( V r ) decreased significantly af ter smoking two 
medium- ta r cigaret tes. The action of smoke 
part icles (ca rbon and tar) on the irritant re-
ceptor reflex of the lung, thus producing 
bronchoconst r ic t ion , and the depressant action 
of nicotine on the per ipheral chemoreceptors , 
central chemorecep to r s and respiratory centre 
may be the causal factors. 

Resume 

Lcs e f fe t s de f u m e r la c igaret te sur la visiere du 
taux de la circulat ion expiratoire ( P E F R ) et la 
venti lat ion (V) des su je t s nig<5rians reposants , 
on t 6t6 e tudie chez les males sujets sains (10 
f u m e u r s , 8 non - fumeur s ) . La P E F R , la V et Ic 
vo lume de force de la marde ont d iminue 
signif icat ivement ap res deux moyengoudron 
cigaret tes f u m e e s . L 'act ion des particules de 
la fumde (la ca rbone et la goudron) sur le 
ref lexe du r ecep teu r irri tant du p o u m o n , qui 
p rodu i te la bronchocons t r ic t ion , et Paction 
depressive de la nicotine sur les chimiordccp-
teurs pdr ipher iques , les ch imiorecepteurs cen-
t raux et le cen t r e respiratoire sont , peut -e t re , 
les facteurs causatifs . 

Introduction 

Compara t ive ly little da ta on changes in ventila-
tion before and a f te r smoking are available in 
the l i terature , but it has been demons t ra t ed that 
the acute inhalat ion of c igaret te smoke is asso-

*To whom correspondence should be addressed. 

ciated with an increase in airway resistance, i.e. 
is a decrease in the airway conductance/ thoracic 
volume ratio (Gaw/TGV) [ 1 —31. 

This decrease in Gaw/TGV is indicative of a 
decrease in cross-sectional area of the airways 
after cigarette smoking. With such al terat ions 
in lung mechanics, the minute venti lat ion, peak 
expiratory flow rate and breathing pat tern 
might be affccted in a way similar to that 
observed by Du Bois et al. [4| in obstructive 
respiratory disease. Absorbed components of 
the smoke may also have an effect on the respir-
atory control mechanisms. 

Subjects and methods 

The subjects, aged 20-45 years, sat quietly and 
relaxed in a chair in the laboratory, and ttic 
transthoracic impedance moni tor (TT1M) elec-
t rodes were applied between the four th rib and 
the sixth rib on the mid-axillary line on each 
side of the thorax, and the ear th electrode^s 
were placed on the scapula. T h e leads f rom the 
electrodes were connected to the impedance 
pneumograph . Changes in impedance accom-
panying respiration were recorded as changes in 
voltage on a physiograph recorder . Prior to the 
above procedure the subjects were made to 
take a d e e p breath and expire into a Wright 
peak flow meter for control measu remen t s of 
the peak expiratory flow rate ( P E F R ) . 

T h e peak flow me te r was checked for its 
reliability by using readings f rom three healthy 
technicians as s tandards . Reproducibi l i ty of 
three readings f rom each of the technicians 
signals the reliability in the funct ioning of the 
peak flow me te r be fore the exper imenta l 
session. 

T h e subjects sat quietly and relaxed for 10 
min, then they inhaled smoke from two 
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medium tar c igaret tcs , smoked o n e a f te r the 
o t h e r over a per iod of 5 mill. C o n t i n u o u s respir-
a tory recordings were m a d e be fo re , dur ing and 
for a fu r the r 10 min af ter the second c igare t te . 

Eighteen normal male adul ts (10 smoker s , 8 
non-smokers ) , with no known history of cardio-
pu lmonary disease, were s tudied . All sub jec t s 
were advised to restrain f rom smoking for at 
least 1 h before the beginning of the experi-
men t , since Nadcl and C o m r o e | 1 | indicated 
that the mild bronchoconst r ic t ion caused by the 
inhalat ion of c igaret te s m o k e lasted for KMH) 
min. 

T h e T T I M measures changes in the respired 
vo lume and changes in resistance across the 
thorax. A simple calibration of the T T I M 
against sp i rometer volumes was d o n e before 
and af ter every exper imenta l session |5 ,6 | . 

T h e last 5 min recorded before smoking and 
the last 5 min recorded a f t e r smoking were used 
for tidal volume (V T ) , respiratory f requency (F) 
and venti lat ion (V) measurements . 

The subjects also expired into the Wright 
peak flow me te r a f t e r smoking, in order to 
measure peak expiratory flow rate. T h e 18 sub-
jects used foi the exper iments were studied 
individually on three occasions, and the results 
were similar and compara t ive . 

Results 

Table I and Fig. I show typical results of the 
exper iments . 'Hie V T and V decreased signifi-
cantly a f t e r smoking the two cigaret tes by 25% 

Table 1. Effect of smoking on tidal volume (V,) , 
respiratory frequency (F) and ventilation (V) 

Before smoking After smoking 

Mean 0.51 0.38* 
s.c. ± ± 0.05 ± 0.04 

Mean 16.7 17.8 
s.e. ± ± 1.3 ± 1.4 

Mean 8.31 6.64* 
s.c. ± ± 0.73 ± 0.63 

n = 18 

Means and standard errors were calculated from 
the values obtained in 18 subjects. 

•P < 0.005. 

(o) 

I 1 
10 sec 

( b ) 

10 sec 
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Fig. 1. (a) Represents control respiratory movements 
before smoking; (b) represents respiratory move-
ments after smoking two cigarettes. 

and 2 0 % , respectively (I 3 < 0.005; S tuden t ' s I-
test) . No significant change was found with the 
respiratory f requency . 

We have observed that no significant changes 
occur in ventilation m e a s u r e m e n t s f rom 0 to 30 
min in seated subjects , using the T T I M (see 
Tab le 2), and so the changes obse rved in these 

Tabic 2. ITIM measurements of 
ventilation (V) at 0 and 30 min in five 

subjects 

Ventilation (litres/min) 

0 30 

6.64 6.60 
5.98 6.31 
5.50 5.60 
4.73 4.75 
4.50 4.45 

Mean 5.47 5.54 
s.c. ± 0.21 0.43 
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exper iments were likely to be due to smoking . 
Table 3 summar izes the results f rom the peak 
expira tory flow rate ( P E F R ) measu remen t s 
before and a f t e r smoking (/i = 10). Using 
s tuden t ' s paired /-test, a significant d i f ference 
was observed in the P E F R be fo re and a f te r 
smoking the two cigaret tes (0.01 > P > O.(K)I). 

non-smokers . The sp i rometer has been found 
to alter ventilation and its pa t te rns (8) so the 
V r , F and V measuremen t s of Chiang and 
Wang |7] may be unrel iable. 

Nicotine in small doses is known to s t imulate 
and in large doses depress respirat ion by its 
action on the chemoreceptors of the carot id and 

Tabic 3. Peak expiratory flow rate (litres/min) before smoking (control) and 
after smoking two cigarettes 

Subject no. Before smoking (control) After smoking two cigarettes 

1 555 500 
2 460 450 
3 570 5(X) 
4 500 420 
5 610 570 
6 500 370 
7 560 500 
8 570 490 
9 560 500 
10 600 560 

Mean ± s.e. = 548.5 ± 14.8 Mean ± s.c. = 486 ± 18.7 

Using Student's paired /-lest there is a significant difference 
between the means, 0.01 > P > 0.001. 

Discussion 

Possible explana t ion for these observat ions may 
be found in some of the proper t ies of the m a j o r 
cons t i tuents of c igaret te ( ca rbon , tar and nico-
t ine) . 

T h e classical venti latory depression that 
might be caused by bronchoconst r ic t ion would 
be dec reases in both tidal volume and respir-
a tory f r equency |4] but in this s tudy only a 
dec rease in tidal vo lume was observed . 

Chiang and W a n g [7] r epor ted an insignifi-
cant dec rease ( / ' > 0 . 1 ) in venti lat ion in seven 
subjec ts (non-smokers ) , but in this study a 
significant fall in venti lat ion (P < 0.05) has 
been found . T h e dissimilarity in results may be 
due to the choice of sub jec t s and the technique 
used in the m e a s u r e m e n t s . T h e subjec ts in o u r 
study included both smokers and non-smokers , 
and the measu remen t s were m a d e by a me thod 
that was non-invasive, a t r aumat ic and did not 
cause any obst ruct ion to the airway. Chiang 
and Wang (7) used the sp i romete r for their 
measuremen t s and their sub jec t s were mainly 

aort ic bodies and of the respiratory cent re . 
first demonst ra ted by Nadel and C o m r o e j l j 
Plasma nicotine levels a f te r smoking were not 
measured in this study but might have con tn 
buted to the observat ions. 

In conclusion, the effects of cigaret te smoke 
in reducing peak expiratory flow rate , ventila-
tion and tidal volume demons t ra t ed he re may 
be due to e i ther or both of the following: (i) the 
action of smoke particles (carbon and tar) on 
the irritant receptor reflex of the lung, produc-
ing broncho-constr ict ion; (ii) the depressant 
action of nicotine on the per iphera l chemo-
receptors , central chemorecep to r s and respira-
tory cent re . 
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