
AN ABSTRACT OF THE THESIS OF

Robert Douglas Barr for the Doctor of Education

in Education presented on

Title: PULMONARY FUNCTION OF MALE CIGARETTE SMOKERS

COMPARED WITH LIFETIME NONCIGARETTE SMOKERS

Redacted for Privacy
Abstract approved:

Dr. Wiliam Arthur Koski

The pulmonary function scores of 250 male cigarette smokers

were compared with 406 lifetime nonsmokers. A Stead-Wells spiro-

meter was used to obtain forced vital capacity, forced expiratory

flow, forced mid-expiratory flow, and forced expiratory volume. All

individuals included in the sample were between. the ages of 20 and

49 years. Predictive regression equations were formulated for life-

time nonsmokers, light smokers, moderate smokers, heavy smokers,

and for the combined group of smokers.

The difference in physical characteristics between the life-

time nonsmokers and the smokers appeared slight, The primary dif-

ference between the lifetime nonsmokers and the smokers was the

presence or absence cf a smoking history. The purpose of this re-

search was to determine the effects of smoking history upon



pulmonary tHri(,:tioning. The following conclusions were found:

I. Male cigarette smokers have a significantly reduced pul-
monary function when compared to lifetime nonsmokers.

II. Heavy cigarette smokers have a significantly reduced pul-
monary function when compared light smokers.

III. Little difference is noted between pulmonary function of
light smokers and moderate smokers.

IV. Little difference is noted between pulmonary function of
moderate smokers and heavy smokers.

V. Smoking history correlates more highly with pulmonary func-
tion than does height.

VI. Age correlates more highly with pulmonary function than does
height,

VII. Regression equations can be formulated to predict the pul-
monary function of lifetime nonsmokers and the various
classifications of smokers

IX. Forced expiratory volume for one second correlates most
highly with pack-years,

X. The more a given individual smokes the more he inhales
and the more deeply,

XI. Pulmonary function standards for lifetime nonsmokers and
smokers can be formulated from which an individual's pul-
monary function score can be compared.

XII. Cigarette smoking has been found to be a major contribution
to reduced pulmonary function.
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PULMONARY FUNCTION OF MALE CIGARETTE SMOKERS
COMPARED WITH LIFETIME NONCIGARETTE SMOKERS

CHAPTER

THE PROBLEM AND DEFINITIONS OF TERMS USED

When an interest in the relationship between cigarette smoking

and pulmonary function began, studies were conducted, to obtain pul-

monary function values in respiratory spirometry, Recent studies have

compiled normative scales for pulmonary functions of lifetime male non-

smokers. Other studies have obtained pulmonary function values for

samples of the general population or se[ected segments of the population.

These studies evaluated both smokers and nonsmokers. However, re-

searchers have not compared the results obtained from lifetime nonsmokers

with results obtained from cigarette smokers. In addition, few studies

have been designed to determine the pulmonary function of only cigarette

smokers with proper attention given to classification by smoking history.

THE PROBLEM

Statement of the problem. It was the purpose of this study

to compare the pulmonary function of male cigarette smokers with a

sample of male lifetime nonsmokers. The following four pulmonary

function tests were utilized for comparative purposes! (1) forced vital

capacity; (2) forced expiratory flow; (3) forced midexpiratory flow; and
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(4) forced expiratory volume.

Importance of the study. Pulmonary physiologists and physi-

cians administer pulmonary ventilatory tests to determine to what ex-

tent ventilatory decline has occurred as a result of smoking. The

normative scales for pulmonary function available were obtained from

a selection of a population that included both smokers and nonsmokers

(5). A nonsmoker's score on a pulmonary function test would appear

higher when compared to norms derived from both smokers and non-

smokers. Conversely, a pulmonary function score of a smoker would

appear to be lower when compared to the same normative scale of

smokers and nonsmokers.

To complete the pulmonary function research it is necessary

to develop predictive regression equations for a smoking population

with careful consideration given to the individual smoking history of

each sample member. A pulmonary evaluation of each individual

could then be established and may be of assistance to the physician

in determining the extent of pulmonary decline as a result of chronic

cigarette smoking.

Research substantiates that chronic cigarette smoking causes

a decline in the pulmonary functioning of an individual (11, 14, 19,

20, 40). However, a careful comparison of a selected sample of

lifetime nonsmokers and a sample of cigarette smokers has not been
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reported in recent research. Proper attention has not been given to

the smoking history of each individual and to the proper classification

according to his smoking history.

One of the advantages of developing predictive norms for the

pulmonary function of smokers and a comparison with nonsmokers lies

in the possibility of prognosticating the future lung damage and pul-

monary function decline based upon the present pulmonary condition

and smoking habits. Prognosticating pulmonary function would be

important to the cessation of smoking.

Review of the literature indicates that smokers have less

pulmonary ability than nonsmokers (2, 19, 20, 27, 45). Evidence is

accumulating that a negative correlation exists between pulmonary

functioning and smoking history (3, 5, 14, 44). The exact extent of

pulmonary impairment when compared to smoking history is extremely

limited in valid and reliable research.

Hypothesis. The hypothesis of this research study is that

male cigarette smokers have a lower pulmonary function score than

nonsmokers of the same age and height. A difference of means will

be applied to a sample of male cigarette smokers and a sample of

lifetime nonsmokers to determine if the hypothesis is accepted or

rejected.

It is also expected that this research study will indicate the
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amount of pulmonary function decline as a function of increased

smoking history. Thus, it is expected that significant differences in

pulmonary function will be found when the various levels of smoking

history are compared. For example, heavy smokers will show more

decline in pulmonary function than light smokers; and, light smokers

will show more decline in pulmonary function than lifetime nonsmokers.

DEFINITION OF TERMS USED

Forced expiratory flow. (FEF200-1200 ) is the average rate

of flow of air for a specified portion of the forced expiratory volume,

usually between 200cc and 1200cc.

Forced expiratory volume. (FEVt) is the volume of air ex-

haled over a given time interval during the performance of a forced

vital capacity.

Forced midexpiratory flow. (FEF25_75%) is the average rate

of flow during the middle half of the forced expiratory volume.

Forced vital capacity. (FVC) is the maximal amount of air

that can be expelled from the lungs following a maximal inspiration.

The expiration is as forceful as possible.

Heavy smoker. A cigarette smoker who smokes from 21

cigarettes per day or more.

Light smoker. A cigarette smoker who smokes from one to
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nine cigarettes per day.

Maximal breathing capacity. (MBC) is the amount of air

which can be exchanged per unit of time during maximal voluntary

hyperventilation.

Moderate smoker. A cigarette smoker who smokes from 10

to 20 cigarettes per day.

Nonsmoker. An individual who has not smoked more than

six months during his life.

Pack-years. The number of packs of cigarettes smoked per

day times the number of years smoked.

Pulmonary functions as used in this, study refer to one or

more of the following: forced expiratory flow (FEP200-1200), forced

expiratory volume for one second (FEV1 0) forced midexpiratory flow

(FEF25_75%) , and forced vital capacity (FVC).
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CHAPTER II

REVIEW OF RELATED LITERATURE

It is necessary to review two related areas in order to under-

stand the sequence of events that has lead to the interest in smoking

and pulmonary function. This chapter will be divided into the follow-

ing major areas: (1) pulmonary insufficiency and pulmonary testing;

and (2) smoking and pulmonary health.

LITERATURE ON PULMONARY INSUFFICIENCY AND
PULMONARY TESTING

During the last few years, laboratory methods for assessing

the respiratory system have been highly developed and standardized.

Their use has helped to clarify the meaning of clinical signs and

symptoms of cardiopulmonary disorders. The inclusion of clinical

and laboratory methods has enhanced accuracy of diagnosis, evalua-

tion of therapeutic effectiveness, and appraisal of cardiovascular in-

volvement. As a result, requests for pulmonary function measure-

ments by physicians and administrative agencies dealing with physi-

cal health problems are on the increase (16).

More and more physicians are now utilizing pulmonary func-

tion measurements as a part of a physical examination. Because of

the increasing use of pulmonary function tests, researchers and
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physicians have found it necessary to develop specific pulmonary

measures and to standardize the various tests (5, 8, 10, 14, 29, 36).

Obstructive Pulmonary Insufficiency.

The chief abnormality in this type of insufficiency is a par-

tial obstruction of the air-flow. The most common diseases associ-

ated with obstructive ventilatory insufficiency are emphysema, asthma,

and chronic bronchitis (36).

Obstruction is poorly tolerated by afflicted individuals and

the condition usually leads quickly to a sense of suffocation from

excessive work of breathing. This is due to the pressure drop re-

quired to produce a given rate of turbulent flow through a tube and

is inversely proportional to the fifth power of its diameter (16). For

example, a reduction to one-half of a major airway theoretically may

cause a 32-fold increase in the pressure required to produce the same

rate of flow.

Expiratory airway resistance is increased by two circum-

stances directly affecting the diameter of the bronchial system (16).

First, the pressure applied to one end of the airway to make the gas

flow is also applied outside of the entire length of the air tubes

within the thoracic cavity. Secondly, the airways are not rigid, but

quite easily compressed. Bronchioles have no cartilaginous support

which allows for compression and possible collapse during expiration
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when the pressure around the tubes becomes greater than that within.

During expiration the relationship between pressure and flow rate may

be lost. Once a certain flow rate has been reached it cannot be

exceeded regardless of the internal alvelous pressure applied (16).

In normal subjects this critical flow is very high; around

600 to 700 liters per minute. The factors affecting airway diameter

are greatly exaggerated by anatomic obstructions such as: (1) bron-

chial muscular spasm, (2) mucosal edema, (3) secretions, and (4)

bronchiolities. The same results can occur when the tissue support-

ing the airways has been lost such as in the disease emphysema. As

a result, expiration may require activity of the expiratory muscles;

the intrathoracic pressure becomes positive and the critical flow rate

becomes exceedingly low, possibly as low as 20 liters per minute

(16).

Obstructive impairment is often caused by diffuse obstruction

throughout the lungs. In atopic bronchial asthma this is thought to

result from bronchial mucosa edema, increased tone of the bronchial

musculature, and secretions. In chronic obstructive emphysema the

obstruction may begin with bronchiolitis; an intrinsic weakness of

supporting tissue. The obstruction is aggravated by progressive dis-

ruption of the pulmonary structure, and subsequent lack of support

for the smallest airways with collapse during expiration because of
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unfavorable intraluminal-extraluminal pressure relationships. Airway

resistance may also result from certain forms of heart disease that

are possibly associated with edema (12, 16, 33).

Pulmonary Testing

Measures of pulmonary volume date from the early 1800's

when Sir Humphrey Davy described a hydrogen dilution method of

volume measurement. It was not until early twentieth century, how-

ever, that there was significant research detailing the methods for

the study of measurement of the compartments of lung volume. Closed

circuit hydrogen dilution techniques date from the 1920's when re-

searchers utilized modern dilution methods (5, 42).

Christie introduced the oxygen-breathing dilution techniques

which were used by most researchers until 1940. McMichael devel-

oped a modified hydrogen dilution technique that was later simplified

by Meneely and Kaltreider (6, 30, 31).

In 1940 researchers described an open circuit nitrogen wash-

out technique which has been used widely since that time with only

minor modifications (9). The most recent major development has been

the technique of body plethysmography developed by DuBois (10).

This method is based on Boyle's law that the volume of a gas varies

in inverse proportion to the pressure to which it is subjected. The

changes in pulmonary gas volume can be measured by utilizing air-tight
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body plethysmograph and a sensitive electrical manometer. From

noting the change in pulmonary gas pressure and volume, the original

volume of gas in the chest can be calculated.

In 1965 Kory, Boren, and Syner developed regression equa-

tions for predicting normal values for the various compartments of lung

volumes. As a part of this study various methods of determining

pulmonary volumes were standardized and results published. Regres-

sion equations were developed for age, height, weight, and body

position in a number of compartments of lung volume. Kory and his

associates have also helped to standardize pulmonary function testing

terminology (5).

A number of pulmonary function tests are of particular value

in determining the degree and type of respiratory impairment. These

tests also substantiate any clinical impressions noticed by attending

physicians. The pulmonary function tests listed in Table XXVIII in the

appendix are well established and in common use throughout the

United States. Most all researchers adhere to the nomenclature pro-

posed by a Committee of the American Physiological Society for lung

volumes and for various phases of pulmonary research.

Pulmonary function tests for obstructive ventilatory insuffi-

ciency. The following pulmonary function tests are of particular value

in determining the degree and type of obstructive ventilatory insuffi-



11

ciency. These tests are designed to study mass movement of gas

and are performed by the use of a spirometer. The following pulmon-

ary function tests are valuable for determining particular values of

obstructive ventilatory insufficiency: (1) vital capacity; (2) forced

vital capacity for one second; (3) forced expiratory volume; (4) forced

midexpiratory flow; and (5) maximal capacity (5, 7, 12, 36).

Vital capacity is the volume of gas that can be expelled

following a maximal inspiration. The vital capacity (VC) is of limited

value in assessing pulmonary obstruction because it does not consider

the time it takes for the patient to exhale the air.

Forced vital capacity is a measure of a fast vital capacity

related to the time required for the expiration. This test relates

much better to other tests of ventilatory function than the vital capa-

city because the timed vital capacity reflects the volume in terms of

time. Usually the volume is measured during the first one, two, or

three seconds of the timed expiration. The forced expiratory volume

for one-second (FEV
1 0

) correlates best with the maximal breathing

capacity that is occasionally used for obstructive measurements. Two

values may be recorded: (1) the volume exhaled during the time

interval; and/or (2) the percentage of the total vital capacity exhaled

during the one-second period.

Forced expiratory volume is the volume of air exhaled over a
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given time interval during a forced expiration. The earliest section

of the forced vital capacity is misleading due to equipment inertia and

patient hesitation. This early segment may be misleading because the

trapping of air does not occur instantly with onset of expiration.

These considerations have lead to elimination of the very early seg-

ment of the forced vita] capacity, As a result, the following two

measures have become valuable: (I) forced expiratory flow (FEFv1-v2);

and (2) forced midexpiratory flow (FEF25_757) (16).

The forced expiratory flow is the average rate of flow for a

specific volume segment of the forced expiratory spirogram; usually

between the 200 and 1200 cc volume points (46). This measures the

rate of expiration during the period when movement of gas is most

rapid. This measure also blocks from the spirogram recordings of the

misleading first segment.

The forced midexpiratory flow is the average rate of flow

during the middle two quarters of the volume segment of the forced

expiratory spirogram (16). Eliminated from consideration are the first

one-fourth of the volume where rate of flow may be unduly low be-

cause of patient hesitation or because of equipment inertia; or unduly

high as in emphysema prior to the trapping phenomenon occurs; and

the last one-fourth of the volume which is not ordinarily used during

stress (46).

Maximal breathing capacity is a measure of the amount of
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gas which can be exchanged per unit of time during maximal volun-

tary hyperventilation. Usually, the test is continued for 10 to 15

seconds and corrected to liters per minute. The results are compared

against a normative scale to determine the presence or extent of ob-

struction. This test is used primarily for diagnostic and clinical

purposes (16).

Spirography. Closed circuit spirometry is the simplest and

most practical means of measuring and recording respiratory volumes

and gas exchanges. The technique involves rebreathing, or exhaling,

into an inverted, counterweighted, watersealed container with a pen

arranged to record its movements. The container is a bell-shaped,

counterweighted, light-weight plastic or metal can that will hold from

9 to 10 liters of air.

Spirometers suitable for pulmonary function research should

be designed for the purpose of the research. The kymograph speed

should be from about 2 cm/minute for conventional spirography and a

rapid speed of about 2 to 3 cm/second to facilitate analysis of the

fast forced expiratory capacities. Other desirable attributes are low

inertia, continuous paper feed, a ventilograph, indicators of water

level and temperature and directly calibrated chart paper (16, 46).

Limitations of pulmonary function tests. However objective

pulmonary function tests are, there are limitations due to requirements
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of maximal voluntary effort, variation of capacities between normal

persons, and the possibility of lung impairment existing despite nor-

mal mechanics of breathing. Willful withholding of maximal effort is

a possibility. Such voluntary action is, however, easily detected

by repeated tests or by comparisons between the various pulmonary

compartments (16).

More important than true malingering is involuntary variation

of the maximum effort resulting from a low intensity of motivation,

mood, state of health, or non-pulmonary illness. It is somewhat

more difficult to detect this type of variation (16).

Certain physiological internal conditions vary remarkably

little from one normal individual to another and are quite independent

of external characteristics. This applies to alveolar ventilation,

oxygen and carbon dioxide tension and pH of the arterial blood (16).

When the value to be measured, however, depends upon ventilatory

function, e. g. volumes or times, the performances vary as much as

the sample population. For example, the volume of the lungs in a

six-foot male will most certainly be more than a five-foot six inch

male of the same age and pulmonary history. Variables include the

following: (1) age; (2) sex; (3) height; (4) pulmonary history; (5)

physical condition; (6) occupation; (7) mode of life; (8) general state

of health; and (9) respiratory muscular development. Coefficients of

variation are established for a number of these variables. However,
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little is known about occupations, mode of life, general state of

health, and respiratory muscular development. Although a number of

studies have attempted to overcome some of these variables, the

limitations to valid and reliable research still remain.

LITERATURE ON SMOKING AND PULMONARY HEALTH

Evidence is accumulating from prospective and retrospective

studies that tobacco smoking is an important factor in the etiology of

certain respiratory diseases that decrease pulmonary function (5, 14,

20, 40, 41). Individuals who do not smoke have better scores on

pulmonary function tests than do those who smoke (18, 25, 44).

However, in many of these studies, the subjects have not been clas-

sified according to age, sex, height, and smoking history. In a

number of these cases the results have failed to show significant

differences in lung function between smokers and nonsmokers (5, 11,

14, 19). Differences in pulmonary function values, or lack of differ-

ences, could often be explained by differences in age, lack of suf-

ficient numbers, questionable laboratory techniques, faulty or inade-

quate pulmonary equipment, inadequate collection of smoking history,

variance in physical conditioning, occupational differences, geographi-

cal differences, or general health and outlook of the sample groups.

In order to obtain a clear picture of the relationship of
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smoking to pulmonary health, it is necessary to review a number of

the more recent classic research studies (5, 11, 14, 20, 32, 44).

Berlin, New Hampshire Study. Ferris, Anderson, and Zick-

mantel (1965) were among the first to develop predictive formulas for

a nonsmoking population (73). A probability sample was drawn from

a special register for the town of Berlin, New Hampshire. Ninety-

six per cent of the samples were studied. This group consisted of

over 1200 persons between the ages of 25 and 74. Five forced ex-

pirations were recorded on a Collins 6-liter recording vitalometer.

From these recordings the forced vital capacity and forced vital

capacity for one second were calculated.

Regression equations were calculated for nonsmokers and for

persons with no respiratory disease. Nonsmokers included ex-workers

and those with respiratory disease included both smokers and non-

smokers. In general, the predictive values for current nonsmokers

were less than those for persons who had no respiratory disease.

The reason proposed by the author is that at the earlier ages, per-

sons who smoke have a larger mean vital capacity and forced expir-

atory volume for one second than persons who do not smoke (14).

It was found that those who have never smoked or who are

currently smoking ten or fewer cigarettes per day have better values

for those tests beyond the ages of 40 years than all other smoking
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groups. Prior to that age, heavier smokers perform these lung func-

tion tests better. One explanation for this is that persons who are

smokers at a young age may have certain morphologic advantages

over those who do not take up smoking. This has been indicated in

a study by other researchers (38).

Despite the physical advantages that might be related to the

beginner smoker's tolerance of tobacco, all male cigarette smokers in

the Ferris study show a greater decline in forced expiratory volume

for one second, forced vital capacity, and peak expiratory flow rate

with age than those individuals who have never smoked cigarettes or

who are presently smoking less than half a pack a day. In addition,

those who do not smoke may have some underlying pulmonary disease

or disability that causes lowered pulmonary functioning than the

smokers (14).

Veterans A c r a r a t o n A r m Cooperative u d Boren, Kory,

and Syner (1965) conducted the Veterans Administration-Army Cooper-

ative Study of Pulmonary Function (5). The chief aim of these studies

was to determine whether or not valid regression formulas for pre-

dicting normal values for the various compartments of lung volumes

could be derived. Male subjects were selected from hospital em-

ployees, active duty military personnel, medical students, patients,

residents, and full-time physicians of a number of hospitals through-
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out the United States.

As a part of their study certain information was obtained

from 266 male cigarette smokers. Each subject was classified

according to his present smoking pattern: (1) light smoker--less

than 10 cigarettes per day, (2) moderate smoker--10 to 20 cigarettes

per day; and (3) heavy smoker--more than 20 cigarettes per day. No

attempt was made to determine past smoking history. The vital

capacity and the inspiratory capacity are slightly larger and the

forced vital capacity, residual volume are slightly smaller in non-

smokers than in the smokers. Of the ventilatory measurements, forced

expiratory flow, forced midexpiratory flow, and the maximal voluntary

ventilation were also slightly larger in the nonsmokers. These dif-

ferences can be explained to some extent by the fact that the mean

age of nonsmoking subjects was definitely lower (35.8) than that of

any of those who smoked (39.2 to 41.3 years) (5).

The Edelman S irometric Performance Stud Edelman, Mitt-

man, Norris, Cohen, and Shock (1965) conducted a study to deter-

mine the extent of ventilatory impairment as a result of cigarette

smoking (11). Spirometry was performed on 410 healthy urban men

ranging in age from 20 to 103 years. A 13.5 Collins recording spiro-

meter was used. Eighty-three per cent were college graduates and

included scientists, educators, and businessmen. Most were
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employed in a sedentary type of work. The sample could not be

considered a random sample of the population at large.

The smoking habits of the men were assessed by question-

naires which provided the following information: type of smoking

habit, average daily consumption, and duration of smoking-free inter-

vals in those smokers who had discontinued the habit prior to testing.

Each of seven groups of men were analyzed and reported.

The current cigarette smokers had significantly lower values for vital

capacity, forced expiratory volume for one second, and maximal

breathing capacity than a comparable group of nonsmokers. Maximal

expiratory flow rates were also lower by approximately the same

degree, but the differences were not significant due to the greater

variability of these measurements. Former cigarette smokers had

significantly lower values of vital capacity than nonsmokers. Values

for other tests were similar to those of the nonsmokers. Pipe and

cigar smokers performed as well as nonsmokers in all tests.

The effects of cigarette smoking among current smokers were

analyzed by the partial regression method. The independent variables

were age, height, and an index of cigarette consumption. The spiro-

graphic measurements were the dependent variables. The partial

regression coefficients indicated the relationships between consump-

tion and the various spirometric measurements when differences in
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height and age have been held constant. Current cigarette smokers

who consumed the largest numbers of packages per day had signifi-

cantly lower values for vital capacity, forced expiratory volume for

one-half second, and forced expiratory volume for one-second than

those who smoked less. Similar results were obtained when pack-

years were used as the variable.

In the former cigarette smokers' group the regression coeffi-

cients indicated a relationship with decreased pulmonary function only

when years smoked were used as an estimate of consumption. Sig-

nificantly decreasing levels of performance with increasing number of

years smoked were noted for the forced expiratory volume for one-

second and for one-half second, but not for vital capacity.

Partial regression analyses were performed in a group of

former cigarette smokers' using age, height, pack-years, and length

of smoking free interval as independent variables. The partial re-

gression coefficients indicated that there is a positive relationship

between smoking-free period of time and vital capacity, forced ex-

piratory volume for one second, and forced expiratory volume for one-

half second.

In summary the Edelman Study found that the values for non-

smokers were higher than those found in a similar study and that

evidence indicates that there is a consumption-related impairment of
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ventilatory function among cigarette smokers (11).

The Goteborg, Sweden Study. Wilhelmsen and Tibblin (1966)

studied respiratory symptoms and ventilatory functions 'in 339 fifty-year

old men who participated in a population study (44). Nonsmokers

and ex-smokers constituted 46. 3 per cent of the group. The smoking

classifications include: 31.3 per cent smoked from 1 to 14 grams/

day; 18. 1 per cent 15 to 24 grams/day; and 5.3 per cent 25 grams/

day or more

The ventilatory function was gradually impaired with increased

tobacco consumption. Those smoking 15 grams/day or more had sig-

nificantly lower values for vital capacity, forced expiratory volume

for one-second, peak flow, and maximal mid-expiratory flow rate.

A decreased ventilatory function was also found in those smokers who

denied symptoms in the form of sputum.

Significant results were found in the group of men smoking

more than 15 grams/day. They showed differences in all ventilatory

tests except the forced expiratory volume in per cent. Smokers of 1

to 14 grams/day were analyzed with respect to the duration of their

smoking habits. The peak flow and maximal mid-expiratory flow

were somewhat higher in those who began smoking over 20 years of

age compared with those who began earlier (44) .

The Harjavalta, Finland Ventilatory Function Study. This
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study conducted by Huhti (1961), surveyed 761 men (96 per cent of

the entire population age group) and 925 women (96.2 per cent) (20).

A questionnaire was completed for each subject and each performed

the following pulmonary function tests: forced vital capacity, forced

expiratory volume for one-second, and peak expiratory flow. The sub-

jects were classified by smoking habits.

Tests for forced vital capacity and for one second forced

expiratory volume were performed using standard spirometric methods.

The subjects were in the sitting position. Peak expiratory flow was

determined with a Wright and McKerrow flow meter.

The multiple regressions cn age and height of the ventilatory

indices were calculated using well established statistical methods

and assuming a linear correlation. The differences between the

groups were taken to be significant. if P was 0.05 or smaller.

The regression equations for the forced vital capacity, the

values of the heaviest smokers tended to be a little lower than those

for nonsmokers, especially in younger age groups. However, there

were no significant differences between any two groups. The forced

expiratory volume regression equations for male nonsmokers differed

significantly from the two groups of heavier smokers, but there was

so significant difference as compared with those smoking lesser

numbers of cigarettes per day. The differences were slighter for the
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older than for the younger age groups and occasionally even disap-

peared. Evidence seems to indicate with increasing height, the dif-

ferences between the smoking groups decrease or disappear and con-

versely, the smaller the height, the more do the values of male

smokers diverge from those obtained for nonsmokers,

According to expiratory flow regression equations, the male

nonsmokers differed significantly from the two groups of heavy smokers

whereas there was no significant difference between nonsmokers and

those smoking 1 to 14 cigarettes per day. Height does not seem to

affect the difference appreciably, and only in the case of the heaviest

smokers does the difference between the groups diminish with in-

creasing years of age (20).

Morris, Koski, and Johnson Lifetime Nonsmokers Spirometric

Study. This study (1970), included 988 healthy nonsmoking men and

women (32). The subjects were obtained primarily from members of

the Church of Jesus Christ of the Latter Day Saints and the Seventh

Day Adventist Church living in the mid-Willamette River Valley of

Oregon.

A questionnaire was filled out by each subject prior to the

spirometric test to determine pulmonary health, atmospheric condi-

tions of residence or work, and previous smoking history. An inter-

view was utilized to cross-check the results of the questionnaire and
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all those who did not meet the criteria of being a healthy nonsmoker

were eliminated from the study° A non-smoker was defined as one

who had not smoked cigarettes for a total period longer than six

months. Subjects were also observed for signs of pulmonary incapa-

city such as coughing or wheezing.

A Stead-Wells spirometer was used for all testing and each

test was administered by a trained technician. The following spiro-

metric compartments were calculated from the better of two tests:

(1) forced vital capacity; (2) forced expiratory volume at one second;

(3) forced expiratory flow; and (4) forced midexpiratory flow.

Predictive formulas were calculated for the pulmonary func-

tion compartments defined in the study. From these predictive

formula, nomograms were plotted for males and females using age

and height as variables. By using a straight-edge to connect the

individual's age and height, all four pulmonary values could be pre-

dicted. The predictive equations were compared to those formulated

by other researchers (32).

The pulmonary function scores and physical characteristics

of the male lifetime nonsmokers between the ages of 20 and 49 years

were analyzed and compared to the values of the male smokers. The

data obtained by the Morris, Koski, and Johnson study will serve as

a baseline from which a comparison can be made using the smoking
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population obtained by the author.

SUMMARY

During the last ten years advances in pulmonary-function

testing and an increased awareness of causative factors of pulmonary

insufficiency have led to many research projects concerned with pul-

monary measurements of men and women cigarette smokers. The re-

sults of these studies have indicated a significant positive relation-

ship between chronic cigarette smoking and a decline in the various

compartments of pulmonary ventilation.

There are a number of standardized pulmonary function tests

that are used to determine obstructive insufficiency and their various

subdivisions. Most common for utilization in smoking and pulmonary

health studies are: forced vital capacity, forced expiratory flow,

maximal breathing capacity, forced expiratory volume, and forced

mid-expiratory flow.

Several pulmonary function testing devices are in common

use in smoking and pulmonary functioning research. The spirometer,

the most common device, should have the following characteristics:

a counterweighted bell, variable speed kymograph, low resistance

airducts, continuous paper feed, and indicators of water level and

temperature.
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Five recent classic studies on smoking and pulmonary func-

tion have indicated that smoking over a long period of time does

reduce the ability of the lungs to perform standard pulmonary function

tests. Although there are different results reported among the various

research studies, all indicate that some compartment of the forced

spirogram is adversely affected by chronic cigarette smoking.

A recent study of lifetime nonsmokers has set standards from

which spirograms of smokers can now be compared. This comparison

may lead to a more precise indictment to the deleterious effects of

tobacco smoking on pulmonary functioning.
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CHAPTER III

RESEARCH PROCEDURES

The research procedure utilized to collect and analyze the

data collected from the male lifetime nonsmokers, the male cigarette

smokers, and the statistical treatment of data are presented in this

chapter.

LIFETIME NONSMOKERS

The data collected by Morris, Koski, and Johnson (1970) in

the Willamette Valley Spirometric Study of lifetime nonsmokers was

utilized for comparative purposes with the spirometric values obtained

from the cigarette smokers, Of the 988 healthy nonsmoking men and

women, only the 406 males between the ages of 20 and 49, in-

clusively, were used for spirometric analysis and comparison to the

values of the cigarette smokers.

Identical models of the Stead-Wells spirometer were used for

all testing in both the nonsmoking study and the smoking study.

Individuals were trained by pulmonary testing specialists from the

same laboratory. Testing procedures and spirometric analysis techni-

ques were the same in both studies.
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SAMPLING OF SUBJECTS

A sample of 300 male cigarette smokers was obtained from a

population of males stationed at Fairchild Air Force Base Survival

School. Of the 300 sampled, 250 were found to be acceptable for

statistical analysis. Only those male cigarette smokers between the

ages of 20 to 49, inclusive, were retained for analysis. Any indi-

vidual who indicated he had a past or present pulmonary condi tiOn,

such as bronchitis, emphysema, or asthma, was not utilized for test

purposes.

Approximately 25 per cent of the men reporting to the Sur-

vival School were tested upon dismissal from a one and one-half hour

introductory meeting held on the Sunday night prior to their three week

assignment. The investigator introduced the purpose and importance

of the study to the men in the introductory meeting prior to dismissal.

The investigator and an assistant demonstrated the procedure for ad-

ministration of the pulmonary function test and encouraged all smokers

to participate upon dismissal.

The samples were collected over a period of six months.

During each testing session from 15 to 25 individuals were tested.

A line was formed directly in front of the exit forcing the men to wait

in a no smoking area. This assured at least one and one-half hours

had passed since the last smoking experience.
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TESTING PROCEDURES

Each prospective participant was given a one page question-

naire to complete while waiting to be tested. The testing assistant

questioned the participant as to any difficulty experienced in answer-

ing the questionnaire. If the participant was a male cigarette smoker

between the ages of 20 and 49, inclusive, and had no history of a

pulmonary disease he was given the following testing instructions:

It is extremely important to do as well as you possibly
can on both tests. Do not expect any resistance from
the machine.

Take as deep a breath as possible.

Place your mouth over the mouthpiece.

When you are ready force the air out as rapidly and as
completely as possible.

You will take the test two separate times.

Are there any questions?

If the subject had no questions the nose clip was placed on

his nose and he was advised to relax and take as deep a breath as

possible. If it was evident that the subject did not understand the

instructions, the first spirogram was repeated and the better of the

last two utilized for statistical analysis. The drum on the spirogram

was allowed to rotate at least one and one-half times prior to the

next forced expirator. This allowed the subject to relax and prevented
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the spirometric curves from overlapping.

Each subject was informed of leis vital capacity and how it

compared to the predictive scale developed by Boren. Many ques-

tions were answered concerning the relationship of smoking to pul-

monary function, lung cancer, and emphysema.

ANALYSIS OF THE SPIROGRAM

Because the purpose of this study was to determine the ex-

tent of pulmonary obstruction as a result of cigarette smoking, it was

necessary to select pulmonary function, tests that were designed to

measure pulmonary obstruction. The following four pulmonary function

tests were utilized in this study: (1) forced vital capacity; (2) forced

expiratory volume for one-second; (3) forced expiratory flow between

200 and 1200cc; and (4) forced midexpiratory flow between the 25th

and 75th per cents by volume.

Forced Vital Capacity

Forced vital capacity is the volume of gas which can be

exhaled by maximal voluntary effort foil: wl g fullest inspiration.

The expiration is as rapid and as complete as possible. The forced

vital capacity is the uppermost position of the red line on the spiro-

gram in Figure 1 (p. 31).
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Figure 1. Forced vital capacity.
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Forced Expiratory Volume for One Second

Forced expiratory volume for one second is the volume of gas

expired during the first one second of a forced expiratory spirogram.

Since this test was first proposed it has been considered a valid

measure of ventilatory function because it reflects the effective vol-

ume per unit of time. The forced expiratory volume for one second

has been calculated on the spirogram in Figure 2 (p. 33).

To calculate the forced expiratory volume for one second, a

one second vertical time line is drawn to the left of the beginning

of the forced expiration. The point at which this time line inter-

sects the expiratory curve represents the spirometric value.

Forced Expiratory Flow between 200 and 1200 cc

Forced expiratory flow between 200 and 1200 cc is the expir-

atory flow rate for that portion of the vital capacity exhaled between

200 and 1200cc. The forced expiratory flow 200 1200cc has been

calculated in Figure 3 (p. 34).

To calculate the forced expiratory flow between 200 and

1200cc a line must be drawn to indicate the 200 and 1200cc volume

level, e. g. line A and B on Figure 3. The diagonal line, A'B' is

drawn through the intersection of lines A and B with the forced ex-

piratory curve. The flow rate is determined by taking the values

from any two adjacent time lines and finding the arithmetical differ-
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Figure 2. Forced expiratory volume for one second.
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Figure 3. Forced expiratory flow between 200 and 1200cc.
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ence, e.g. the difference between B' (5100cc) and A' (0000cc).

This represents the average flow rate per second of exhaled air during

the 200 and 1200 cc volume.

Forced Expiratory Flow between the 25th and 75th per cent

Forced expiratory flow between the 25th and 75th per cent is

a measurement of the expiratory flow rate during the middle 50 per

cent of the vital capacity effort. Eliminated from the consideration

are the first one-fourth and last one-fourth of the volume, Like the

other timed segments, the midexpiratory flow can be calculated from

the recorded forced expiratory curve. On the spirogram in Figure 4

(p. 36) the forced expiratory flow 27-75% has been calculated.

The tedious chore of calculations can be shortened consider-

ably by applying a simple geometric principle. The following steps

were utilized in this study:

1. Determine the onset of the vita] capacity CA) and
draw a horizontal line through that point (AA1).

2, Determine the point of maximum expiration (B) and
draw a horizontal line through that point (BB1).

3. Draw a diagonal line (C B) from line (AA1) to line
(BB1) so that it is dissected into four equal segments
by the vertical time lines.

4. On the line CB draw horizontal lines from the second
and fourth time lines which intersect the FEV curve
at point F and H. These define the middle 50 per cent
volume of the FEV,
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5. Draw a line through these two points (F and H) and
extend it across any two time lines (JI).

6. The vertical distance between one time line and another
as defined by line II' is the forced expiratory flow 25-
75% in liters per second.

Since each subject was instruct ed to perform two forced ex-

piratory curves, it was necessary to determine which of the two was

a more accurate measure. The spirometric curve with the highest

forced expiratory flow for one second was chosen for statistical

analysis. The forced expiratory volume for one second correlates

best with other pulmonary measurements and is a partial function of

the forced expiratory flow 25-75% and the forced expiratory flow 200-

1200cc.

TESTING EQUIPMENT

The Stead-Wells Spirometer was utilized to obtain all pul-

monary function results. This spirometer was specifically designed

for rapid breathing tests. The light weight plastic bell has the re-

cording pen mounted for recording on the kymograph. A single sheet

of paper, calibrated horizontally in cubic centimeters was used. The

kymograph revolved at a speed of 1920mm a minute, Each time line

represented one second of lapsed time.
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STATISTICAL PROCEDURES

The primary statistical procedures used in this study were to

compute regression equations for predictive purposes of pulmonary

function and to compute the differences between the mean scores of

the pulmonary functions of the various classifications of smokers and

nonsmokers. The computations were done on a calculator or on a

digital computer. All statistical formula and models were adopted

from Popham (35). A complete statistical model is included in

Appendix B.

The facilities and equipment of the Computer Center at Ore-

gon State University were utilized in the processing of the descriptive

data and the regression equations. Mr. Dave Neiss and Janice

Monroe programmed and processed all of this data.

The difference in means was processed on the equipment in

the Computer Center at Eastern Washington State College. Dr. Roland

Keefer, Director and Mr. Irish Clark treated all of this data.

The difference in means was tested for significance at the

.05 and .01 levels by application of the t ratio. Both the pooled

variance t model and the separate variance t model were utilized

depending upon the degree to which the variance differed between the

two variables. Since the number of both variables was in all cases

different, either of two methods were used to determine the degrees
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of freedom. It was assumed that the two comparable groups of data

were uncorrelated since individuals were not matched nor were the

two scores utilized from the same individual.
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CHAPTER IV

ANALYSIS AND DISCUSSION OF THE DATA

The purpose of this study was to compare the pulmonary

function of male cigarette smokers with that of lifetime nonsmokers.

The data for the smokers was obtained from 250 male cigarette

smokers between the ages of 20 and 49 years, inclusive. All indi-

viduals tested were assigned to the Fairchild Air Force Survival

School located near Spokane, Washington.

The data for the lifetime nonsmokers was obtained from 406

male lifetime nonsmokers from a study conducted by Morris, Koski,

and Johnson at Oregon State University (32), Only lifetime non-

smokers between the ages of 20 and 49 years, inclusive, were

utilized for comparative purposes,

A Stead-Wells spirometer was used to obtain all pulmonary

function results in both studies, The following four pulmonary func-

tion tests were recorded and analyzed! (1) forced vital capacity; (2)

forced expiratory flow; (3) forced midexpiratory flow; and (4) forced

expiratory volume for one-second.

Pulmonary function test data and the smoking histories of the

smokers were analyzed by the investigator and the raw data key-

punched onto computer cards. The difference in means between the
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lifetime nonsmokers and the various classifications of smokers as

well as the other statistical computations were calculated by an

electronic digital computer.

PHYSICAL AND PULMONARY CHARACTERISTICS OF
LIFETIME NONSMOKERS AND SMOKERS

The physical and pulmonary function characteristics of the

lifetime nonsmokers and the various classifications of smokers are

compared in the following section. Correlation coefficients and an

analysis of the smoking history of the light, moderate, and heavy

smokers are also presented.

Age Distribution and Physical Characteristics of Lifetime Nonsmokers
and Smokers.

The physical characteristics of the lifetime nonsmokers and

the smokers differed in the following respects. The average age of

the smoking group was . 06 years more than the average age of the

lifetime nonsmokers. The average height of the smoking group was

.23 inches less than the average height of the lifetime nonsmokers.

The age distribution by half decades and the means for age and height

of the lifetime nonsmokers and smokers are shown in Table I.



42

TABLE I. MEANS OF PHYSICAL CHARACTERISTICS BY
HALF DECADES FOR LIFETIME NONSMOKERS
AND SMOKERS

Age group

NS

Height
(inches)

S NS

Age
(years)

S

Number

NS S

20-24 71.0 70.9 21.3 21.9 100 67
25-29 70.4 69.9 26.9 26.6 67 44
30-34 70.1 68.9 31.9 32.3 77 40
35-39 70.2 70.6 37,1 37,3 68 38
40-44 69.8 70.0 42.1 41.7 52 31
45-49 70.0 69.9 46.7 57.3 42 30

NS Nonsmokers (n = 406) S Smoker (n = 250)

Pulmonary Characteristics of Lifetime
Nonsmokers and Smokers

In all pulmonary function tests the lifetime nonsmokers aver-

aged higher than the smoking group. The greatest difference was

for the FEF200-1200 test. The other three pulmonary function tests

were higher for the liftetime nonsmokers by more than . 40 liter. The

means and standard deviations of physical and pulmonary character-

istics for lifetime nonsmokers and smokers are shown in Table II.
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TABLE II, MEAN AND STANDARD DEVIATION OF PHYSICAL
AND PULMONARY CHARACTERISTICS FOR LIFE-
TIME NONSMOKERS AND SMOKERS
(MALES AGED 20-49 YEARS)

Nonsmokers
X SD

Smokers
SD

Age (years) 32.18 8.61 32.24 8.88
Height (inches) 70.36 2.77 70.13 3.30
FVC (1, ) 5.38 . 89 4.50 . 79

FEF200_1200 J-/S) 8,23 1.72 6. 15 1.99
FEF25_75% (l /S) 4.35 1.21 3.91 1.15
FEvi. 0 (1 ) 4.17 . 68 3.70 . 70

Nonsmokers n = 406 Smokers n = 250

Correlation Coefficients

A comparison of correlation coefficients of lifetime nonsmokers

and cigarette smokers indicates that age was more highly correlated

with pulmonary function than was height. Age was more highly cor-

related with pulmonary function in the lifetime nonsmokers than in

the smokers. Height was more highly correlated with pulmonary

function in the lifetime nonsmokers than in the smokers. Smoking

history, expressed as pack years, correlates highest with forced ex-

piratory flow (FEF25_75%) and forced expiratory volume (FEV 1.0 sec).

A comparison of correlation coefficients of lifetime nonsmokers and

cigarette smokers for the physical and pulmonary characteristics is

presented in Tables III and IV.
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TABLE III. CORRELATION COEFFICIENTS OF LIFETIME
NONSMOKERS FOR AGE, HEIGHT, AND
PULMONARY FUNCTION TESTS
(MALES AGED 20-49 YEARS)

Age Height FVC FEF FEF FEV

200-1200 25-75% 1.0 sec.

Age 1.00 -.12 -.26 -.22 -.39 -.45
Height -. 12 1.00 . 48 . 15 . 15 . 41

FVC -. 26 . 48 1.00 . 22 . 25 . 68

FEF 200-1200 -. 22 .. 15 . 22 1.00 . 34 . 35

FEF25-75% -. 39 15 24 . 34 1.00 . 67

FEVi. 0 sec. -. 45 . 41 . 68 . 35 . 67 1.00

n = 406

TABLE IV. CORRELATION COEFFICIENTS OF SMOKERS FOR
AGE, HEIGHT, PACK YEARS, AND PULMONARY
FUNCTION TESTS
(MALES AGED 20-49 YEARS)

Age Height FVC
FEF

200-1200
FEF

25-75%
FEV

1.0 sec.
Pack
Yrs.

Age 1.00 -.08 -.30 -.18 -.35 -.40 .62
Height -. 08 1.00 . 31 . 15 . 00 . 19 . 01

FVC -.30 .31 1.00 .25 .25 .57 -.21
FEF200-1200 - 18 . 15 . 25 1.00 . 52 . 41 -. 21

FEF25_75% -.35 .00 .25 . 52 1.00 . 63 -. 32

FEV1 0 sec..
-. 40 . 19 . 57 . 41 . 63 1.00 -. 33

Pack Years .62 .01 -.21 -.21 -.32 -.33 1.00

n = 250
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Pulmonary Function of Lifetime Nonsmokers
and Light, Moderate and Heavy Smokers

In all cases the average pulmonary function test score for

the lifetime nonsmokers was higher than the average scores for the

smokers. The heavy smokers scored the lowest in all four pulmonary

function tests. The moderate smokers scored higher than the light

smokers in the following three pulmonary tests: forced vital capacity;

forced expiratory flow, and forced expiratory volume. This difference

may be explained by the small number tested in the light smoking

group. The pulmonary function test scores for the lifetime nonsmokers

and the various classifications of cigarette smokers are shown in Table

V. A graphic presentation appears in Table XXIX of the Appendix.

TABLE V. MEAN AND STANDARD DEVIATION FOR PULMONARY
FUNCTION MEASUREMENTS OF NONSMOKERS,
LIGHT, MODERATE, AND HEAVY SMOKERS
(MALES AGED 20-49 YEARS)

Smokers
FVC

X SD
FEF200-1200

X SD
FEF25_75%
X SD

FEV1.0 s
X SD

Non 5.38 .89 8.23 1.72 4.35 1.21 4.17 .68 406

(Morris)
Light

(1-9/day) 4.47 .63 7.00 1.96 4021 .86 3.72 .44 18

Moderate
(10-20/day) 4.55 .92 7.17 1,88 4.02 1,12 3.79 .62 113

Heavy
(21 or more/
day ) 4.46 .66 6.38 2.03 3.77 1.20 3.61 .79 119

All values given in liters.
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Relative Values for Pulmonary Function for
Lifetime Nonesmokers and Light, Moderate
and Heavy Smokers

The relative values of each pulmonary test for the lifetime

nonsmokers and the various classification of smokers has been cal-

culated in per cent of the nonsmokers' pulmonary function value. A

light smoker had a forced vital capacity of 83 per cent of the non-

smoker's pulmonary value as indicated in Table VI.

TABLE VI. COMPARISON OF NONSMOKERS, LIGHT SMOKERS,
MODERATE SMOKERS, AND HEAVY SMOKERS BY
PER CENT OF PULMONARY FUNCTION COM-
PARTMENTS

FVC FEF 200-1200 FEF 25-75% FEV 1.0 sec.

Nonsmokers 1.00 1.00 1.00 1.00
(Oregon Study)

Light Smokers . 83 . 85 .97 . 89

(1-9/day)
Moderate Smokers .85 .87 .92 .91

(10-20/day)
Heavy Smokers .83 .78 .71 .87

(21 or more/day)

Nonsmokers' pulmonary function measurements are standardized at
1.00.
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Physical Characteristics and Smoking History of Light,
Moderate, and Heavy Smokers

An analysis of the smoking history of the various classifi-

cations of smokers indicates that the age of the smoker is unrelated

to the number of cigarettes currently being smoked per day. How-

ever, as the number of cigarettes being smoked per day increases,

there is a corresponding increase in the years of smoking history

and average number of cigarettes smoked per day during the smoking

history. Table VII presents the mean and standard deviation of

physical characteristics and smoking history of light, moderate, and

heavy smokers.

TABLE VII. MEAN AND STANDARD DEVIATION OF PHYSICAL
CHARACTERISTICS AND SMOKING HISTORY OF
LIGHT, MODERATE, AND HEAVY SMOKERS
(MALE AGED 20-49 YEARS)

Light
1-9/day

X SD

Moderage
10-20/day

7 SD

Heavy
21 or more/day

X SD

Age
(years)

32.61 8.09 31.17 8.84 33.20 8.98

Height
(inches)

68.61 3.74 70.14 3,23 70.36 3.27

Weight
(pounds)

178.22 22.68 172.26 21.11 178.43 21.04

Years of
smoking

7.44 5.69 11.39 7,68 15.41 8.94

Average/day
at present

5.22 1.73 18.04 3.28 34.12 8.91

Average/day
for history

4.00 1.57 15.27 4.85 26.35 8.79

Pack years 1.84 1.57 10.65 7.68 27.04 19.49
Number 18 113 118
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Physical Characteristics, Pulmonary Function,
and Smoking History for Smokers.

In general it can be seen that the older age groups had a de-

creased pulmonary function as measured on the spirogram. This is a

function of age and smoking history. It can be seen that the older age

groups have been smoking longer and are smoking more cigarettes per

day now and have in the past. The average pack years for the lower age

group is 37 pack years less than the older age group. Table VIII shows

the physical characteristics and lung volume measurements by half

decades along with the smoking history.

TABLE VIII. MEANS AND STANDARD DEVIATIONS FOR SMOK-
ERS FOR PHYSICAL CHARACTERISTICS, PULMON-
ARY FUNCTION TESTS, AND SMOKING HISTORY
BY HALF DECADES

20-24 25-29 30-34 35-39 40-44 45-49

Age
(years)

Height

21.9
(1.52)

70.9

26.6
(1.54)

69.9

32.3
(1.29)

68.9

37.3
(1.32)

70.6

41.7
(1.46)

70.0

47.3
(1.27)

69.9
(inches) (2. 87) (3. 47) (4. 07) (2. 40) (3. 19) (3. 60)

FVC 4.76 4.59 4.59 4.35 4.36 4.04
(liters) ( . 80) ( . 74) ( . 75) ( . 68 ( . 83 ( . 71)

FEF200-1200 7.03 7.39 6.96 6.45 6.21 6.12
(1/sec.) ( 1.95) ( 1, 95) (2. 12) ( 2. 15) ( 1. 74) ( 1. 67)

FEF25_75% 4.34 4.21 4.10 3047 3.46 3.30
(1/sec.) (1.08 (1.00 ( .97) (1.37) (1.03) ( .99)

FEV1.0 sec. 4.01 3.93 3.74 3.38 3.61 3014
(liters) ( .56 ( .63) ( .78) ( .60) ( .83) ( .38)

Years of smoking 4065 9.11 12.63 16.50 20.26 25.93
(2.28) (3.54) (5.72) (5.22 (5.88) (7.23)

Average/ day at 21.96 24.93 28.65 23.50 20.87 31.17
present (9.31 (12,06 (12.57 (11.24) ( 8.32) (13.3
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TABLE VIII (Continued)

20-24 25-29 30-34 35-39 40-44 45-49

Average/day for 17.53 19.29 22.33 18.68 17.52 25.43
history (7.90) (9.60) (10.78) (8.04) (8.49) (12.78)

Pack years 5.50 12.06 20.77 20.07 22.07 42.34
(3.99) (7.35) (16.60) (12.85) (11.53) (24.28)

Number 67 44 40 38 31 30

Means are the top numbers; standard deviations are in
parentheses.

Smoking Frequency and Inhalation Depth

It was found from the data that the more a given individual

smoked, the more he would tend to inhale deeply and inhale fre-

quently. The king sized cigarettes or the 100mm length were the

most commonly smoked cigarette followed by the regular sized filter

tip cigarettes. Table IX presents the inhalation characteristics and

type of cigarette smoked by the various classifications of cigarette

smokers.
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TABLE IX. SMOKING CHARACTERISTICS OF LIGHT,
MODERATE. AND HEAVY SMOKERS

Light Moderate Heavy Combined

Frequency of inhalation:

Never inhale 3 2 0 5

Occasionally inhale 8 5 3 16

Regularly inhale 5 34 11 50

Usually inhale 2 23 29 54

Always inhale 0 49 76 125

Depth of inhalation:

Never inhale 3 2 0 5

Slightly inhale 10 3 1 14

Moderately inhale 2 62 69 133

Deeply inhale 2 40 33 75

Very deeply inhale 1 6 16 23

Type of cigarette:

Regular 3 19 16 38

Regular filter tip 7 27 41 75

King size 5 15 7 27

King size filter tip .2 47 51 100

Other 1 5 4 10

18 113 119 250
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DIFFERENCE OF MEANS BETWEEN LIFETIME NONSMOKERS
AND THE VARIOUS CLASSIFICATIONS OF SMOKERS

A difference between means of the lifetime nonsmoking group

and the various classifications of smokers and the combined smoking

group was calculated. The following tables give the computed t

ratio with the necessary table value of t that must be equalled or

exceeded to be significant at the . 05 or .01 per cent level. All

pulmonary values are given in liters.

Difference of Means between Lifetime
Nonsmokers and Light Smokers

The difference between means of the nonsmokers and the

light smokers were significant in excess of the .01 per cent level

in three of the pulmonary function tests. The forced midexpiratory

flow (FEF25_75%) test was not significantly different between the

two sample groups.

TABLE X. DIFFERENCE OF MEANS BETWEEN LIFETIME
NONSMOKERS AND LIGHT SMOKERS
(MALES AGED 20-49 YEARS)

Pulmonary
Function

Means (1)
NS LS

Computed
t

Tabled t
.05 .01

Significance
.05 .01

FVC 5.34 4.47 -.87 5.90 1.68 2.45 Yes Yes
FEF200_1200 8.23 7.00 -1.23 2.61 1.68 2.45 Yes Yes
FEF25_75% 4.35 4.21 -.14 .66 1.68 2.45 No No
FEVi 0 4.17 3.72 -.45 4.95 1.68 2.45 Yes Yes
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Difference of Means between Lifetime
Nonsmokers and Moderate Smokers

The differences between means of the nonsmokers and the

moderate smokers were significant in excess of the .01 level. The

difference between means of the two groups in the FVC compartment

was the most significant,

TABLE XI. DIFFERENCE OF MEANS BETWEEN LIFETIME
NONSMOKERS AND MODERATE SMOKERS
(MALES AGED 20-49 YEARS)

Pulmonary
Function

Means (1)
NS MS

Computed Tabled
t .05

t Significance
.01 .05 .01

FVC 5.38 4.55 -.83 8.52 1,66 2.34 Yes Yes
FEF200_1200 8.23 7.17 -1.06 5.40 1,66 2.34 Yes Yes
FEF25_75% 4.35 4.02 33 2.73 1.66 2.34 Yes Yes
FEV1.0 4.17 3.79 -.38 5.26 1.66 2.34 Yes Yes

Difference of Means Between Lifetime
Nonsmokers and Heavy Smokers

The differences between means of the nonsmokers and the

heavy smokers were significant in all pulmonary function compart-

ments in excess of the .01 per cent level. The differences between

means of the two groups in the FVC and FEVi. 0 compartments were

the most significant,
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TABLE XII, DIFFERENCE OF MEANS BETWEEN LIFETIME
NONSMOKERS AND HEAVY SMOKERS
(MALES AGED 20-49 YEARS)

Pulmonary
Function

Means (1)
NS HS ±

Computed Tabled
t .05

t Significance
.01 .05 .01

FVC 5.38 4.46 .92 12.36 1.65 2.34 Yes Yes
FEF200_1200 8.23 6.38 -1.85 9.05 1.65 2.34 Yes Yes
FEF25_75% 4.35 3.77 .58 4.63 1.65 2.34 Yes Yes
FEVi. 0 4.17 3.61 ,56 11.98 1.65 2.34 Yes Yes

Difference of Means Between Lifetime
Nonsmokers and the Combined Smoking Group

The differences between means of the lifetime nonsmokers

and the combined cigarette smoking group were significant in excess

of the 01 per cent level is all pulmonary function compartments.

TABLE XIII. DIFFERENCE OF MEANS BETWEEN LIFETIME
NONSMOKERS AND THE COMBINED GROUP
(MALES AGED 20-49 YEARS)

Pulmonary
Function

Means (1)
NS CS

Computed Tabled t Significance
.05 .01 .05 .01

FVC 5.38 4.50 .88 13.27 1.65 2.33 Yes Yes
FEF200_1900 8.23 6.87 -1.30 8.96 1.65 2.33 Yes Yes
FEF25_75% 4,35 3.91 .44 4.68 1,65 2.33 Yes Yes
FEVi. 0 4,17 3.70 .87 7,63 1 65 2.33 Yes Yes
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Difference of Means between Light Smokers
and Moderate Smokers

There were no significant differences between means of the

light smokers and the moderate smokers in any pulmonary function

compartment. Although not statistically significant at the . 05 or .01

level, the moderate smokers scored higher on the three pulmonary

function tests than did the light smokers.

TABLE XIV. DIFFERENCE OF MEANS BETWEEN LIGHT
SMOKERS AND MODERATE SMOKERS
(MALES AGED 20-49 YEARS)

Pulmonary
Function

Means (1)
LS MS

Computed Tabled t Significance
.05 .01 .05 .01

FVC 4.47 4.55 . 08 -0.47 1.70 2.47 No No

FEF200-1200 7.00 7.17 .17 -0.34 1.70 2.47 No No
FEF25_75% 4.21 4.02 -. 19 0.83 1.70 2.47 No No
FEVi 0 3.72 3.79 -.07 0.59 1.70 2.47 No No

Difference of Means between Light
Smokers and Heavy Smokers

The difference between means of the light smokers and the

heavy smokers was significant at the . 05 per cent level for forced

expiratory flow. The difference between means was significant in

excess of the .01 per cent level for forced expiratory volume.
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TABLE XV. DIFFERENCE OF MEANS BETWEEN LIGHT
SMOKERS AND HEAVY SMOKERS
(MALES AGED 20-49 YEARS)

Pulmonary
Function

Mean (1)
LS HS

Computed Tabled t
.05

Significance
. 01 .05 .01

FVC 4.47 4.46 .01 0.06 1.70 2.47 No No
FEF200_1200 7.00 6.38 .62 1.24 1.70 2.47 No No
FEF25_75% 4.21 3.77 .44 1.90 1.70 2.47 Yes No
FEVi. 0 3.72 3.61 .11 4.46 1.70 2.47 Yes Yes

Difference of Means between Light Smokers
and the Combined Smoking Group

There was no significant difference between means of the

light smokers and the combined smoking group in any of the four

pulmonary function compartments.

TABLE XVI. DIFFERENCE OF MEANS BETWEEN LIGHT
SMOKERS AND THE COMBINED SMOKING GROUP
(MALES AGED 20-49 YEARS)

Pulmonary
Function

Mean (1)
LS CS

Computed
t

Tabled t
.05 .01

Significance
.05 .01

FVC 4.47 4.50 .03 -0.19 1.69 2.45 No No
FEF200_1200 7.00 6.87 .13 0.27 1.69 2.45 No No
FEF25_75% 4.21 3.91 .30 1.39 1.69 2.45 No No

FEV1.0 3.72 3.70 .02 0.18 1.69 2.45 No No
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D ifference of Means between Moderate
Smokers and Heavy Smokers

There was a significant difference of means between moder-

ate smokers and heavy smokers in the forced expiratory flow and the

forced expiratory volume. No significant differences existed between

the moderate smokers and heavy smokers in forced vital capacity and

forced midexpiratory flow.

TABLE XVII. DIFFERENCE OF MEANS BETWEEN MODERATE
SMOKERS AND HEAVY SMOKERS
(MALES AGED 20-49 YEARS)

Pulmonary
Function

Mean (1)
MS HS ±

Computed
t

Tabled t Significance
.05 . 01 .05 .01

FVC 4.55 4.46 -.11 0.85 1.66 2.36 No No

FEF200-1200 7.17 6.39 -.79 3.08 1.66 2.36 Yes Yes
FEF25_75% 4.02 3.77 -.25 1.64 1.66 2.36 No No
FEV1.0 3.79 3.61 -.18 6.77 1.66 2.36 Yes Yes

Difference of Means between Moderate Smokers
and the Combined Smoking Group

There was no significant difference in the means between

the moderate smokers and the combined smoking group in any of the

four pulmonary function compartments.
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TABLE XVIII. DIFFERENCE OF MEANS BETWEEN MODERATE
SMOKERS AND THE COMBINED SMOKING
GROUP
(MALES AGED 20-49 YEARS)

Pulmonary
Function

Mean (1)
MS CS ±

Computedt Tabled t
. 05 . 01

Significance
. 05 .01

FVC 4.55 4.50 .05 0.50 1.65 2.33 No No
FEF200_ 1200 7.17 6.87 -.30 1.39 1.65 2.33 No No
FEF25_75% 4.02 3.91 -.11 0.86 1.65 2.33 No No
FEV10 3.79 3.70 -.09 1.23 1.65 2.33 No No

Difference of Means between Heavy Smokers
and the Combined Smoking Group

The difference between means of the moderate smokers and

the combined group of smokers was significant at the . 05 per cent

level for forced expiratory flow. The difference between means was

significant in excess of the .01 per cent level for forced expiratory

volume.

TABLE XIX. DIFFERENCE OF MEANS BETWEEN HEAVY
SMOKERS AND THE COMBINED GROUP
(MALES AGED 20-49 YEARS)

Pulmonary
Function

Means (1)
HS CS ±

Computed
t

Tabled t
.05

Significance
.01 .05 .01

FVC 4.46 4.50 .04 0.51 1.65 2.34 No No
FEF200_ 1200 6.38 6.87 .49 2.19 1.65 2.34 Yes No
FEF25_75% 3.77 3.91 . 14 1.06 1.65 2.34 No No
FEVL 0 3.61 3.70 . 09 6.35 1.65 2.34 Yes Yes
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REGRESSION EQUATIONS FOR LIFETIME NONSMOKERS
AND SMOKERS

Regression equations were cElculated for the 406 lifetime

nonsmokers and the 250 smokers. The regression equations for the

light, moderate, and heavy smokers were formulated for height and

pack years, The regression equations for the combined smokers

were formulated for the following: (I) age and height; (2) age and

pack years; and (3) height and pack years.

The regression equations can be used to predict the pulmon-

ary function of an individual if the two given variables are known,

The degree to which the prediction will be accurate is expressed as

the standard error of the estimate. It can be expected that 68.3

per cent of the time the individual' s actual pulmonary function score

would fall within a range of 4, the standard error of the estimate,

Regression Equations for Lifetime Nonsmokers

The datum used to formulate the regression equations for the

lifetime nonsmokers was compiled by Morris, )ski, and. Johnson

(32). Table XX presents the coefficients for height and age.



59

TABLE XX. REGRESSION EQUATIONS FOR LIFETIME
NONSMOKERS
(MALES AGED 20-49 YEARS)

Pulmonary Function Regression Coefficients Constant
(cc)

SEE
(cc)Height Age

FVC 145.4 -20.7 -4179 760
FEF200-1200 78.8 -41.3 4014 1668
FEF 25-75% 43.7 -53.5 2996 1104
FEV10 88.9 -32.3 -1044 561

n = 406

Table XXI presents the predicted pulmonary function value

utilizing hypothetical cases of 72 inches in height and ages 20

through 50 years by half decades. All pulmonary function values

decrease with age at approximately the same rate.

TABLE XXI. PREDICTIVE PULMONARY FUNCTION FROM
REGRESSION EQUATIONS FOR LIFETIME
NONSMOKERS
(HEIGHT HELD CONSTANT AT 72 INCHES)

Age
(Years)

Pulmonary function (cc)
FVC FEF 25-75% FEF 200-1200 FEV 1.0

20 5847 5072 8868 4716
25 5780 4804 8663 4556
30 5631 4537 8458 4396
35 5536 4069 8253 4236
40 5433 4002 8048 4076
45 5329 3734 7843 3916
50 5226 3463 7638 3756

n = 406
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Regression Equations for the Combined Smokers.

The data used to formulate the regression equations for the

combined smokers reflect the average of the light, moderate, and

combined smokers. Table XXII presents the regression equations

for the combined smokers with height and age as variables.

TABLE XXII. REGRESSION EQUATIONS FOR THE COMBINED
SMOKERS
(HEIGHT AND AGE)

Pulmonary Function Regression Coefficients Constant
(cc)

SEE
(cc)Height

(in)
Age

(years)

FVC 67.8 -24.0 524 719

FEF 200-1200 78.3 -37.8 2510 1944

FEF25-75% -9.9 -46.0 6090 1076

FEV
1 0

33.0 -30.7 2381 634

n = 250

Table XXIII presents the predicted pulmonary function values

utilizing hypothetical cases of 72 inches in height and ages 20

through 50 years by half decades. All pulmonary function values

decrease with age at approximately the same rate indicating that

age and pulmonary function are inversely related.
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TABLE XXIII, PREDICTIVE PULMONARY FUNCTION FROM
REGRESSFON EQUATIONS FOR THE COMBINED
SMOKING GROUP
WEIGHT HELD CONSTANT AT 72 INCITES)

Age in Years FVC
Pulmonary Function (cc)

FEE FEE25-75% 200-1200 FEVI. 0

20 4926 4457 92 4143
25 4800 4227 7203 3989
30 4586 3997 7014 3836
35 4566 3667 6825 3682
40 4446 3437 6636 3529
45 4326 3207 9447 3375
50 4200 3013 6258 3222

n ,--, 250

Table XXIV presents the rcgressien. equations for the com-

bined smokers with age- and pack years as vailalTdes Pack years

are calculated by multiplying the nuirly:r of packs smoked per day by

the number of years of cigarette smoking history,

TABLE XXIV, REGRESSION EQUATIONS FOR THE COMBINED
SMOKERS
(AGE AND PACK-(ARS)

Pulmonary Function Regrn-,sion Coe ificients Constarit SEE
Ant'. Pack-Years Ice)

INC 24.2 1.7 5313 753

FEF200-1200 -18,6 -18,2 7709 1946

FEF25-75% -33.1 -10.6 5167 1067
FEV1.0 -25.8 3.1 4623 640

n -= 250 Pack year -= packs per day x number of years smoked



62

Table XXV presents the predicted pulmonary function values

utilizing hypothetical cases 45 years of age and a smoking history

represented by five-year increments from five to 45 pack years.

TABLE XXV. PREDICTIVE PULMONARY FUNCTION FROM
REGRESSION EQUATIONS FOR THE COMBINED
SMOKERS
(AGE HELD CONSTANT AT 45 YEARS)

Pack-Years
FVC FEF25-75%

Pulmonary Function (cc)
FEF200-1200 FEV 1.0

5 4215 6781 3624 3436
10 4207 6690 3571 3411
15 4198 6599 3518 3385
20 4190 6508 3465 3360
25 4181 6417 3412 3334
30 4173 6326 3359 3309
35 4164 6235 3306 3283
40 4156 6144 3253 3258
45 4147 6053 3200 3232

n = 250

Regression Equations of Lifetime Nonsmokers
and Smokers Compared.

By using the regression equations for the lifetime nonsmokers

and the smokers it is possible to calculate and chart the predicted

pulmonary values. Table XXVI presents the predicted pulmonary

values for the lifetime nonsmokers and the combined smokers. In

these hypothetical cases height has been held constant at 72 inches

so that the effects of age may be noted.



TABLE XXVI. PREDICTIVE PULMONARY FUNCTION FROM
REGRESSION EQUATIONS FOR LIFETIME
NONSMOKERS AND SMOKERS
(HE,ICIIT HELD CONSTANT AT 72 INCHES)
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Table XXVII presents the regression equations for the light,

moderate, and heavy smokers. Height and pack years are the vari-

ables.

TABLE XXVII. REGRESSION EQUATIONS FOR THE SMOKING
SAMPLE
(HEIGHT AND PACK-YEARS)

Combined smoking group: (n = 250)

Pulmonary Function
Regression Coefficient

Constant SEEHeight
(in. )

Pack Years

FVC (ml) 73.9 9.7 -504 732
FEF200_ 1200 (ml) 88.4 -24.5 1017 1928
FEF25_75% (ml) 1.8 -21.3 4162 1092
FEVi. 0 (ml) 40.8 -13.5 1082 650

Heavy smoking group: (n = 119)
FVC (ml) 81.5 7.9 -1059 577
FEF200_ 1200 (ml) 142.9 -17.2 -3210 1952
FEF25-75% (ml) 20.0 -20.3 2911 1138
FEV1 0 47.9 -12.1 570 741

Moderate smoking group: (n = 113)
FVC (ml) 90.9 -31.3 -1486 855

FEF200-1200 (ml) 73.9 - 8.9 2081 1877
FEF25_75% (ml) -3.5 -41.2 4698 1080
FEV10 (ml) 51.5 32.5 525 550

Light smoking group: (n = 18)

FVC (ml) -46.0 19.5 7590 644
FEF200_ 1200 (ml) -74.7 -236.6 12564 2024
FEF25_75% (ml) -33.8 -251.8 6985 815
FEVi. 0 (ml) -42.4 -85.9 6790 396
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The pulmonary function scores of 250 male cigarette smokers

were compared with 406 male lifetime nonsmokers. All individuals

were between the ages of 20 and 49 years and in good pulmonary

health. A Stead-Wells spirometer was used to obtain the following

pulmonary function tests: (1) forced vital capacity (FVC); (2) forced

expiratory flow (FEF200-1200); (3) forced midexpiratory flow

(FEF25_75%); and (4) forced expiratory volume for one-second

(FEVi. 0). Predictive regression equations were formulated for life-

time nonsmokers and for the light, moderate, and heavy smokers.

SUMMARY

The difference in physical characteristics between the life-

time nonsmokers and the smokers appeared slight, The difference in

age was less than one year and the difference in height was less

than one inch. It was the effect of the smoking variable upon pul-

monary function that was calculated for comparative purposes and for

formulation of the regression equations for the smokers.

The lifetime nonsmokers had a significantly higher pulmonary

function score than the smokers in all four pulmonary function tests,
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This difference was also found when the lifetime nonsmokers were

compared to the light, moderate, and heavy smoking groups. Among

the smokers, the heavy smokers had the lowest pulmonary function

test scores.

Little difference was noted between pulmonary function test

scores of light smokers and moderate smokers as well as between

moderate smokers and heavy smokers. The moderate smokers scored

slightly higher than the light smokers in three of the pulmonary func-

tion tests. This was thought to be due to a small number of light

smokers or to an over-reaction of the light smokers due to the acute

effects of the smoke and/or physiological and anatomical adaptations

of the moderate smoker to the chronic effects of cigarette smoke.

When a test of significance was applied to the means of

lifetime nonsmokers and the combined smokers it was found that

significant differences existed in excess of the .01 per cent level

in all pulmonary function tests. A difference of means was signifi-

cant in excess of the .01 per cent level in all pulmonary function

tests when the lifetime nonsmoker's group was compared to the

moderate and heavy smoker's group.

When light smokers were compared to heavy smokers only

the forced expiratory volume was significantly different in excess of

the .01 per cent level. There were no significant differences between
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means of the pulmonary function tests of the light smokers and the

moderate smokers. When moderate smokers were compared to heavy

smokers only the forced expiratory volume was significantly different

in excess of the .01 per cent level.

When the combined group of smokers was compared to the

lifetime nonsmokers, and the light, moderate, and heavy smokers,

the only difference significant in excess of the .01 per cent level

was the forced expiratory volume test between the heavy smokers

and the combined group.

Regression equations were calculated utilizing height, age,

and pack years as independent variables and pulmonary function test

scores as dependent variables. The results from the regression

equations may be used to predict the expected pulmonary function

test values for an individual. The standard estimate of the error

indicates the degree to which the prediction will be accurate.

CONCLUSIONS

Upon review of the comparative results between the lifetime

nonsmokers and the various classifications of smokers, it seems

apparent that smoking reduces the pulmonary functioning of smokers.

In general, the more an individual smokes, the more his pulmonary

function test scores will decline.
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There is a positive correlation between age and a decline

in pulmonary function test scores as well as between smoking and

pulmonary function. Height seems not to be as important as age in

its effect upon pulmonary function test scores.

An analysis of the smoking habits of smokers revealed that

heavy smokers inhaled more deeply and did so more often than the

light or moderate smokers. Most of the smokers preferred filter tip

cigarettes.

Pack years correlate with age since the older the individual,

the more opportunity he has to smoke and build up total pack years.

Pack years also correlate with pulmonary function inversely, indi-

cating in part, the m ore pack years an individual has, the less his

pulmonary function scores will be. Pack years correlate most highly

with forced expiratory volume for one-second.

In general the older age group had a decreased pulmonary

function which can be accounted for by advanced age and increased

number of pack years. However, smokers have a reduced pulmonary

function when compared to lifetime nonsmokers of the same age.
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The following conclusions can be drawn from the data:

1. Male cigarette smokers have a significantly lower pul-
monary function when compared to lifetime nonsmokers.

2. Male cigarette smokers with a heavy smoking history
have a significantly lower pulmonary function when
compared to light smokers.

3. Little difference is noted between pulmonary function
scores of light smokers and moderate smokers.

4. Little difference is rioted between pulmonary function
scores of moderate smokers and heavy smokers.

5. Age is more highly correlated to pulmonary function than
is height.

6. Smoking history correlates more highly with pulmonary
function than does height.

7. Pack years correlate most highly with forced expiratory
volume for one-second and forced expiratory flow.

Highly predictive regression equations can be formulated
for forced expiratory volume for one-second and forced
vital capacity.

9. Pack years and age can be utilized to predict pulmonary
function of male cigarette smokers.

10. Age and height can be utilized to predict pulmonary
function of male lifetime nonsmokers.

11. The longer the smoking history of an individual the more
his pulmonary function scores will be decreased.

12. The rate of pulmonary function decline is greater for
male cigarette smokers than for lifetime nonsmokers.

13. The more an individual smokes the more he inhales and
the more deeply.

14. Cigarette smoking has been found to be a major contri-
bution to reduced pulmonary function,
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RECOMMENDATIONS

Additional research should be completed with detailed atten-

tion given to the smoking history of the sample. It would be helpful

if a prospective study could be undertaken with a large number of

samples. It is possible a match-pair study would reduce some of

the problems associated with a random sample study.

The regression equations in this study should be integrated

into a nomogram for utilization by physicians interested in evaluating

the pulmonary function of cigarette smokers. Every effort should be

made to promote the pulmonary screening of patients as a part of a

complete physical examination.
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STANDARDIZED TERMS, SYMBOLS AND DEFINITIONS FOR DIVISIONS
OF THE LUNG VOLUMES AND VENTILATORY MEASUREMENTS

STANDARDIZED TERM

Lung Volumes:

Inspiratory reserve

Expiratory reserve

Residual volume

Tidal volume

Lung Capacities:

Inspiratory capacity

Functional residual capacity

Vital capacity

Total lung capacity

Ventilatory Measures:

Forced vital capacity

Forced expiratory volume

Forced expiratory flow

Forced midexpiratory flow

SYMBOL

IRV

ERV

IC

FRC

VC

TLC

FVC

FEVt

FEF 1 2
v -v

FMF

DEFINITION

Maximal volume of gas that can be
inspired from end tidal inspiration

Maximal volume of gas that can be
expired from resting expiratory level

Volume of gas remaining in the lungs
at the end of maximal expiration

Volume of gas inspired or expired
during each respiratory cycle

Maximal amount of gas that can be
inspired from resting expiratory level

Amount of gas remaining in the lungs
at the resting end-expiratory level

Maximal amounts of gas that can be
expelled following maximal
inspiration

Amount of gas contained in the lungs
at the end of maximal inspiration

The vital capacity performed with
expiration as forceful as possible

Volume of gas exhaled over a given
time interval during a forced vital
capacity

The average rate of flow for a
specified volume segment of the
forced expiratory spirogram

The average rate of flow during the
middle two quarters of the volume
segment of the forced expiratory
spirogram
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TABLE XXIX. MEAN VALUES FOR PULMONARY FUNCTION
MEASUREMENTS OF LIFETIME NONSMOKERS,
LIGHT SMOKERS, MODERATE SMOKERS,
AND HEAVY SMOKERS

1 or 1/sec.

8. 8
8.6
8.4
8.2
8.0
7. 8
7. 6
7. 4
7. 2
7. 0
6. 8
6. 6
6. 4
6. 2
6. 0
5.8
5. 6
5. 4
5. 2
5. 0
4. 8
4.6
4. 4
4, 2
4. 0
3. 8
3. 6
3. 4
3. 2
3. 0

Non- Light Moder- Heavy
smokers ate

FVC FEF200-1200 FEF25_75% FEV1. 0
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APPENDIX B

SMOKING AND HEALTH QUESTIONNAIRE

Test Number PERSONAL DATA: Age Height
FVC:
FEF: Weight Sex M F
FMF:
FEV:

The purpose of this study is to determine the lung's ability
to force all of the air out in the shortest period of time. In order
to obtain meaningful results it is necessary to obtain a complete and
accurate smoking history from each person. All information will be
kept confidential.

SMOKING HISTORY:

I. How long have you been a regular cigarette smoker?
years)

2. How many cigarettes do you now smoke per day? ( per day)

3. How many cigarettes have you averaged per day during your
smoking history? ( per day)

4. Indicate below the frequency of cigarette smoke inhalation:

A. Never inhale
B. Occasionally inhale
C. Regularly inhale
D. Usually inhale
E. Always inhale

5. Indicate below the depth of cigarette smoke inhalation:

A. Never inhale
B. Slightly inhale
C. Moderately inhale
D. Deeply inhale
E. Very deeply inhale
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6. Indicate below the type of cigarette you have smoked most:

A. Regular
B. Regular filter tip
C. King
D. King filter tip
E. Other

CURRENT STATE OF HEALTH:

1. Do you presently have a cold or any disease that may cause
you to do poorly on the test? No Yes

2. Place a check after every disease you have had during the past
and indicate the date.

Pneumonia TB Influenza Asthma

Bronchitis Lung Cancer
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APPENDIX B

STATISTICAL FORMULAS AND MODELS

MEASURE OF CENTRAL TENDENCY

Mean: X

n

MEASURE OF VARIABILITY

Standard Deviation:

Variance:

where: X = a raw score
n = the number of raw

scores

s = x2 where: x2 = squared devi-
n 1 ations from the

mean
n = number of cases

in the distri-
bution

s2 x2

n 1

MEASURE OF RELATIONSHIP

Correlation:

where: x2 = squared devi-
ations from the
mean

n = number of cases
in the distribu-
tion

(2X) (ZY)
2XY

r=
- (.X)2).( _ y)

where: XY = the cross pro-
ducts of devi-
ation scores
for X and Y
variables

2X = summation of X
= summation of Y

D(2= summation of
square of X
variable
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zy2 = summation of the
square of Y variable

n = number

REGRESSIONS

Regression Equation:
iP = a bX where: V = the predicted value

X = the known value of
X variable

b = xy
x2

a = Y bX

Standard Error of Estimate:

sy z y2 (zxy) 2

x2
n 2

a = the intercept of the
regression line

b = the regression coef-
ficient

xy = cross products of X
and Y

x2 = squares of X
X = mean of X values in

regression sample
Y = mean of Y values in

regression sample

where: Z. y2 = sum of the squares
for y

x2 = sum of the squares
for x

xy = sum of the cross pro-
ducts of x and y

n = number



DIFFERENCE OF MEANS t TEST

Pooled Variance t Model:

t =

82

X1

Separate Variance t Model:

t =

`-'2(1 2
1 + 1

ni f n2 2 n1 n2

X1 X2

Homogeneity of Variance:

F = s4

s1

s 2
+ s 2

1 2

n1 n2

where: X1 = the mean of group 1

X2 = the mean of group 2

s 2 = the variance of group
1

s 2 = the variance of group 2

xi = squares of x of group 1

x2 = squares of x of group 2

n1 = number in group 1
n2 = number in group 2

where: F = the value by which
variance homogeneity
will be tested

sg2
= the greater (larger)

variance
2

s1 = the lesser (smaller)
variance



Selecting the t Model and Degrees of Freedom:

When: n1 = n2 and S
1

= s
2
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use pooled variance formula
with degrees of freedom
equal to n1 f n2 2

nl n2 and s 1 = s2 use pooled variance formula
with degrees of freedom
equal to n 1- n2 2

n1 = n2 and s
1

A s
2

use pooled variance formula
or separate variance formu-
la with degrees of freedom
in each case equal to
n1 -1 or n2 -1

n n2 and s1 s2 use separate variance formu-
la with tabled t value for a
given level of significance
determined by averaging t
values for df equal to
n1 -1 and df equal to
n2 1


