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Impact of cigarette smoking on pulmonary function
in non-allergic subjects
S. WALTER, L. JEYASEELAN

ABSTRACf
Background. Cigarette smokers have been shown to have

a greater tendency to develop respiratory allergies than non-
smokers. Since the early obstructive airway changes seen in
respiratory allergy and smoking are similar, the early airway
changes seen in populations of young smokers might be attri-
buted to the fact that a proportion of smokers are allergic.
We therefore studied the effects of smoking on non-allergic
individuals.

Methods. Forced expiratoryspirogramsand peak expiratory
flows were measured in a population of asymptomatic
non-allergic male medical students, 59 smokers and 110non-
smokers. They had between 2 and 5 examinations performed
serially over a period of 4 years.

Results. Smoking had a negative impact on pulmonary
function. Analysis of covariance and multiple regression
analysisusingage, heightgainand weightchangeascovariables
showed that smokers, when compared to non-smokers, had
a significantly greater percentage decline in the forced
expiratory volume in one second expressed as a fraction of
the forced vital capacity (4.01±4.6 v. 1.52±5.84), the forced
expiratory flow in the middle half of the forced vital capacity
(FEF25%_75%; 11.36±15.09 v. 5.3±17.58) and the ratio ofthe
FEF25%-75% to the forced vital capacity (FEFIFVC;
14.06±14.45 v. 6.95±17.94).

Conclusions. Our results suggest that young smokers,
within a few years of starting to smoke, develop changes in
pulmonary function indicating early peripheral airway
narrowing, and that these effects worsen progressively with
continued smoking.

INTJ{ODUCfION
Several cross-sectional and longitudinal studies have
demonstrated that cigarette smoking is detrimental to the
pulmonary airways. 1-5 Recently, a significant relationship
has been found between smoking and respiratory allergy.6-S

In an individual with an atopic family history, the smoking
habit greatly increases the tendency to develop respiratory
allergic symptoms and thus the prevalence of allergic
rhinitis and bronchial asthma is greater among smokers
than among non-smokers, increasing progressively with
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continued smoking. Since the early obstructive airway
changes seen in respiratory allergy and cigarette smoking
are similar," the airway changes seen in young cigarette
smokers might be attributed to the fact that a greater
proportion of smokers are 'allergic'. We investigated
whether non-allergic smokers suffered from these early
obstructive airway changes as well.

SUBJECfS AND METHODS
Longitudinal studies ranging in duration from one to four
years, were conducted on a population of normal resident
male medical students through the years 1975 to 1988.
Students who had a history of allergic rhinitis, 9 occasional
allergic bronchospasm and those with frank episodes of
asthma were all excluded from the study. The overall
prevalence of smoking among our students was 23%.
Although all smokers and non-smokers participated in
the initial measurements.s a larger proportion of smokers
than non-smokers took part in the longitudinal study. We
thus had 59 smokers and 110 non-smokers.

We attempted to test students annually, but this was not
always possible. Thus, each subject was tested serially
using a minimum of 2 and a maximum of 5 tests (a total of
436 tests). At each test, a brief history regarding smoking
habits and respiratory illness was obtained. No subject
was tested during an upper respiratory tract infection. All
smokers had abstained from smoking for at least 2 hours
before the test. To avoid diurnal variations, tests were
done at the same time of the day. Pulmonary function was
evaluated from forced expiratory spirograms (FES)
obtained using a Collins respirometer and peak expiratory
flows (PEF) using a Wright peak flow meter. The forced
vital capacity (FVC), forced expiratory volume in one
second (FEV1), FEV1 expressed as a percentage of FVC
(FEV 1%), forced expiratory flow at 25% to 75% of FVC
(FEF25%-75%) and volume compensated flow, i.e. the ratio
of the FEF25%-75% to the FVC (FEFIFVC) were obtained
from the FES. The height and weight of the subjects were
recorded at each test.

The data were computerized and the following statistical
measures used.'? Percentage changes in lung function
parameters were calculated tor the baseline data and the
change at each follow up measurement was taken as an
observation. Analysis of covariance was done to study the
effect of smoking on lung function after controlling for the
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effect of a single covariable at a time. Since age, height
and weight are important determinants of lung function,
the covariables used were age at follow up, weight change
and height gain. In addition, multiple regression analyses
were done to determine the effect of smoking on lung
function, after controlling for all these covariables
simultaneously.

RESULTS
Table I shows the age, height, weight and smoking histories
of the subjects at the start of the study. There were no
major differences in age or height between smokers and
non-smokers but weight was significantly greater in
smokers. The average number of packs (of 10 cigarettes
each) smoked in a lifetime was 850, the duration being
2.6±2.21 years. There were no significant differences
between the two groups in their baseline pulmonary
functions (Table II).

A comparison of the mean per cent change in height,
weight and pulmonary function among smokers and non-
smokers during the course of the study showed a general
trend of an increase in height, weight, FVC and PEF in
both groups, and a decline in FEVl%' FEF25%-75% and
FEFIFVC (Table III). The decline in flow rates among
smokers was more than double that among non-smokers.

Tables IV and V show the results of the analysis of
covariance and the multiple regression analyses, the
covariables used being age at follow up, height gain and
weight change. Age and weight change had significant
effects on some flow rates. Smoking caused a significant

TABLE I. Physical characteristics and smoking habits of the
subjects at the start of the study

Characteristic Non-smokers (n= 110) Smokers (n=59)

Mean SD Mean SD

Age (years)' 19.6 1.9 19.4 1.4
Height (ern) , 171 5.3 172 5.5
Weight (kg)t 58 7.4 61 6.9

Smoking history
Life-time packs 850 1275
Duration (years) 2.6 2.2

, not significant t <0.05

TABLE II. Baseline pulmonary functions

Function Non-smokers Smokers

Mean SD Mean SD

3.96 0.56 3.98 0.55
3.43 0.46 3.43 0.48
87 6.3 86 5.2
526 55 509 51
4.15 0.93 4.27 1.07
1.06 0.27 1.08 0.28

FVC(I)
FEY! (I)
FEY!%
PEF(I/min)
FEF25%_75% (I/sec)
FEFIFYC

All the differencesbetweennon-smokersand smokersare not significant
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deterioration in the FEV1%, FEF25%_75% and FEFIFVC,
even after controlling for the covariables.

DISCUSSION
The normal trend seen in pulmonary function, in the age
group of our medical students, is an increase in FVC and
PEF, but a decline in FEV 1%, FEF25%_75% and FEFIFVC,

TABLE III. Mean per cent change in height, weight and
pulmonary function during the study

Non-smokers Smokers

Mean SD SDMean

Height
Weight
}OV'C
FEY!
FEY! %
PEF
FEF25%_75%

FEFIFYC

0.42
1.22
2.16
0.58

-1.52
3.75

-5.30
-6.95

0.78
4.96
6.03
7.56
5.84
5.36
17.58
17.94

0.39
1.96
3.64

-0.66
-4.01

4.72
-11.36
-14.06

0.68
5.41
8.29
8.22
4.60
7.08
15.09
14.45

TABLE IV. Analysis of covariance. Effect of smoking on
change in pulmonary function after controlling for age,
height and weight individually

Level of significance (p) of the effect of smoking

Age Height gain Weight change

FVC 0.10 0.09 0.09
FEY! 0.19 0.20 0.23
FEY! % <0.001 <0.001 <0.001
PEF 0.20 0.18 0.20
FEF25%_75% <0.01 <0.01 <0.01
FEFIFYC <0.01 <0.01 <0.01

Dependent variable= Baseline value- Follow up value x 100
Baseline value

TABLE V. Multiple regression analyses of changes in pulmonary
function .

Standardized regression coefficient (~)

Age Height Weight Smoking

FVC -0.01 -0.02 -O.O~ -0.10
FEY! -0.11 -0.04 -0.04 0.08tt
FEY! % -0.12' -0.08 -0.07 0.22tt
PEF -0.12' 0.11 -0.02 -0.08
FEF25%-75% -0.13' 0.01 -0.13' O.17t
FEFIFYC -0.12' 0.01 -0.13' 0.20tt

• p<0.05 t p<O.Ol tt p<O.OOl

13 signifiesthe influenceof one covariableon the changein pulmonaryfunction
after correctingfor the influenceof the others

Dependent variable = Baseline value- Follow up value x 100
Baseline value
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i.e. measurements which reflect alveolar size, large air-
way status and an increase in chest development, whereas
those which reflect small airway calibre tend to decrease."
This is in agreement with other reports" and our own
findings." Against these normal backround changes in
lung function, smoking exerts a negative impact on those
measurements which reflect small airway size-the
decline in smokers is greater than in non-smokers-
and is indicative of early airflow limitation caused by
smoking.

Bivariate and multivariate analysis after controlling for
age, weight gain and height change which have a direct
bearing on pulmonary function, confirm the consistency
of these findings. The mechanisms responsible for these
airway effects could be the accumulation of inflammatory
exudates, excess mucus secretion, altered surface tension
properties or possibly altered smooth muscle tone.l+'?
Mediators released from cells present in 18 or brought
to the airways in the circulation'P-" could contribute
to these changes. The progressive nature ofthese changes
with continued smoking indicates that at least a proportion
of these smokers may go on to develop chronic obstruc-
tive airways disease."

It has been suggested that there are ethnic differences
in the response to cigarette smoking and that Orientals
and Blacks may be less susceptible to the harmful effects
of smoking? The results of our study clearly do not
substantiate this view. On the contrary, we have shown
that young Indian smokers, within a few years of starting
to smoke, have pulmonary function profiles suggestive of
early small .airways obstruction. These effects are seen
even in non-allergic individuals and are therefore quite
distinct from and in addition to the interactive effects of
smoking and respiratory allergy. Although smokers
at this stage are asymptomatic and consider themselves
healthy, studies of aerobic capacity done on these subjects
indicate impaired physical fitness and work capacity.F

Many of the pulmonary function changes seen in early
smokers are reversible= and therefore strong anti-smoking
measures are required, especially in the adolescent age
group, when this pernicious habit often begins.
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