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Chapter 8

PROSPECTIVE STUDIES OF MALE POPULATIONS
The principal data on the death rates of smokers of various types and

of nonsmokers come from seven large prospective studies of men. In such
studies, information about current and past smoking habits, as well as
some supplementary information (e.g., on age), is first obtained from the
members of the group to be studied. Provision is also made to obtain
death certificates for all members of the group who die during subsequent
years. From these data, over-all death rates and death rates by cause are

computed for the different types of smokers, usually in five-year age classes.
These seven studies comprise all the large prospective studies known to

us. The first started in October 1951: the latest, in October 1959.
In brief, the seven groups of men are as follows:
(1) British doctors, a questionnaire having been sent to all members of

the medical profession in the United Kingdom by Doll and Hill,
1956 (5).

(2) White American men in nine states. These men were enrolled by a
large number of American Cancer Society volunteers, each of
whom was asked to have the questionnaire filled in by 10 white
men between the ages of 50 and 69. Hammond and Horn, 1958
(10) .

(3) Policyholders of U.S. Government Life Insurance policies, available
to persons who served in the armed forces between 1917 and 1940.
Dorn, 1958 (6).

(4) Men aged 35-64 in nine occupations in California who were sus-
pected of being subject to a higher than usual occupational risk of
developing lung cancer. Dunn, Linden and Breslow, 1960 (7).

(5) California members of the American Legion and their wives. Dunn ,
Buell and Breslow (8).

(6) Pensioners of the Canadian Department of Veterans Affairs, i.e., vet-
erans of World Wars I and II and the Korean War. Best, Josie
and Walker, 1961 (2).

(7) American men in 25 states, enrolled by volunteer researchers of the
American Cancer Society, each of whom was asked to enroll about
10 families containing at least one person over 45. Hammond,
1963 (11).

It will be noted that the studies cover different types of population groups
in three countries. Study (2), often referred to as the Hammond and Horn
study, terminated after 44 months’ follow-up, and the data discussed here
for this study are essentially the same as those already published (10).
All other studies have accumulated substantial amounts of data beyond
that which has been published. The authors and agencies responsible for
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the studies supplied their latest available data for this report. The tables
in this Chapter are based on the new compilations.

Table I shows for each study the approximate number of subjects from
whom usable replies about smoking habits were obtained, the date of en-
rollment, age range, number of  months followed, total number of deaths,
and the number of person-years of exposure. The number of subjects
studied (usable replies) ranged from around 34,000 in the British doctors
study to 448,000 in the new American Cancer Society study. The number
of months of follow-up varied from about 22 to 120.

Although several of the studies ohtained some data on women, only the
California Legion study (8) and the new American Cancer Society study
(11) include large numbers of women. No tabulations on women are as
yet available from these prospective studies.

DATA ON SMOKING HISTORY

The exact description of the type of smoking and the amount smoked at
all times throughout a man’s past life would necessitate an amount of detail
and an accuracy of memory that was not considered practicable in these
studies. While the information collected on smoking habits varied from
study to study, all studies asked for data on the current amount and type of
smoking as of the date of answering the questionnaire. These amounts
were usually expressed as the number of cigarettes, cigars or pipes per day.
In the case of subjects who had stopped smoking previous to the date of
enrollment (ex-smokers), most studies obtained data on the maximum
amount previously smoked per day. The category described as non-smokers
sometimes included also those men who had smoked an insignificant total
amount during their whole previous lifetime.

As regards type of smoking, cigarettes, cigars and pipes appear in all
seven combinations, Since results for the “mixed” categories are difficult to
interpret and sometimes involve relatively small numbers of subjects, the
analysis here concentrates on the following types:

Cigarettes only
Cigarettes and other
Cigars only
Pipes only

In some instances the last two categories have been combined when the num-
bers of subjects are too small to give reliable data for the separate types.

ADJUSTMENT FOR DIFFERENCES IN AGE DISTRIBUTION

Since the death rate of any group of men is markedly affected by their age
distribution, it is essential, when comparing the death rates of two groups of
men, to ensure that their age distributions are comparable. A standard meas-
ure for this purpose is the age-specific death rate, in which the rate is com-
puted for a group of men whose ages all lie within a relatively narrow span,
say 50-54 years. This measure is particularly appropriate when it is desired
to examine how the relative death rates in two groups change with age.
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Several methods of adjustment for differences in age distribution are
available for populations that have a wide range of ages. For comparing
the death rate of a group of smokers with that of the non-smokers in the
study, the measure most frequently used in previous publications is a type
of mortality ratio, obtained as follows: In each five-year age class, the age-
specific death rate for non-smokers is multiplied by the number of person-
years in the group of smokers. This product gives an expected number of
deaths, which represents the number of deaths of smokers that would be
expected to occur if the age-specific death rate were the same as for non-
smokers. These expected numbers of deaths are added over all age classes,
and their total is compared with the total number of observed deaths in the
smokers. The mortality ratio is the ratio (total observed deaths in the
smokers) /(total expected deaths).  A mortality ratio of 1 implies that the
over-all death rates are the same in smokers and non-smokers after this
adjustment for differences in age distribution. It does not imply that the
death rates of smokers and non-smokers were the same at each specific age.
A mortality ratio higher than 1 implies that the group of smokers has a higher
over-all death rate than the non-smokers.

Another common method of adjustment for age is to use some age-
distribution as a standard, for instance the combined age-distribution of all
persons in the study or the age-distribution of the U.S. male population as
of a certain Census year. The age-specific death rates for a certain group
(e.g., smokers) are multiplied by the number of persons of that age in the
standard distribution. These products are added and finally divided by the
total standard population to obtain an age-adjusted rate for the group. A
mortality ratio of smokers to non-smokers is then computed as the ratio of
the age-adjusted rates for smokers and non-smokers. Mortality ratios com-
puted in different ways will of course give somewhat different results and
experts in this field do not regard any one method as uniformly best. In this
report we have used the ratio of observed to expected deaths, as described in
the previous paragraph, primarily because this measure is the most common
one in previous publications from these studies. Both methods of adjust-
ment run the risk of concealing a change in the relative death rate with age.
For instance, the over-all mortality ratio might be unity if smokers had higher
death rates than non-smokers prior to age 60, but lower death rates thereafter.

Smokers and non-smokers may differ with regard to variables other than
age that are known or suspected to influence death rates, such as economic
level, residence, hereditary factors, exposure to occupational hazards, weight,
marital status, and eating and drinking habits. In the summary results
to be presented in subsequent sections, as in most results previously pub-
lished, the death rates of smokers and non-smokers have not been adjusted
so as to equalize the effects of these disturbing variables. This issue will
be discussed later in this chapter.

A further complexity in interpreting the results comes from interrela-
tionships among the variables that describe the habit of smoking. As will
be seen, the death rates of a group of cigarette smokers vary with the amount
smoked, the age at which smoking was started, the duration of smoking, and
the amount of inhalation. In trying to measure the “net” effect of one of
these variables, such as the number of cigarettes smoked per day, we
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should make adjustments so that the different groups of smokers being
compared are equalized on all other relevant aspects of the practice. This
can be done at best only partially. Most studies measured only some of the
variables on which adjustment is desirable. When the data are subclassi-
fied in order to make the adjustments, the numbers of deaths per subclass
are small, with the consequence that the adjusted death rates are somewhat
unstable.

Consequently, like previous reporters on these studies, we have used our
judgment as to the amount of subclassification and adjustment to present.
The possibility that part of the differences in death rates may be associated
with smoking variables other than the one under discussion cannot be
excluded.

RESULTS FOR TOTAL DEATH RATES

MORTALITY RATIOS FOR CURRENT SMOKERS

Table 2 shows the mortality ratios to non-smokers for men who were smok-
ing regularly at the time of enrollment.

For males smoking cigarettes only, the over-all death rate is higher than
that for non-smokers in all studies, the increase ranging from 44 percent
for the British doetors to 83 percent in the men in 25 states. For smokers
of other forms of tobacco as well as cigarettes the increases in death rates
are in all cases lower than for the smokers of cigarettes only.

For smokers of cigars only or of pipes only, three of the studies show small
increases in over-all death rates, ranging from 5 percent to 11 percent.
The study of men in 25 states, however, gives slight decreases for both types,
as does the British study for the two types combined.

MORTALITY RATIOS BY AMOUNT SMOKED

For smokers of cigarettes only who were smoking at the time of entry,
the mortality ratio increases consistently with the amount smoked in each
of the seven studies, with one exception for the California occupational study,
which includes ex-cigarette smokers as well as current smokers (Table 3).





For smokers of cigars only who were smoking at the time of entry, four
of the studies give a breakdown into two amounts of smoking (Table 4).

Men smoking less than five cigars per day have death rates about the same
as non-smokers. For men smoking higher amounts there is some elevation
of the death rate, When the results are combined by adding the observed
and expected deaths over all four studies, an over-all mortality ratio of 1.20
is obtained for the five-or-more group. This over-all increase is statistically
significant at the 5 percent level.*

For current pipe smokers (Table 5),) men smoking less than 10 pipefuls per
day have death rates very close to those of non-smokers. For heavy pipe
smokers (10 or more per day) two studies show increases of 15 and 12 per-
cent in death rates, but the other two studies show little or no increase. The
over-all mortality ratio of 1.05 does not differ statistically from unity, The

*Statistical significance throughout this report refers to the 5 percent level un-
less otherwise specified. In testing whether an observed mortality ratio of smokers
relative to non-smokers is greater than unity, the probability is calculated that a ratio
as large as or larger than the observed ratio would occur by chance if the smokers and
non-smokers were drawn from two populations having the same death rate. If this proba-
bility is less than 0.05 (5 percent) the observed increase in the death rate of smokers
relative to non-smokers is said to be statistically significant at the 5 percent level. The
results of significance tests will be quoted only for mortality ratios in which the number
of deaths raises a doubt as to whether the difference from unity could be due to sampling
errors.
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British doctors study gives a mortality ratio of 0.91 for cigar and pipe smokers
together (presumably mostly pipe smokers) who consume more than 14 gms.
of tobacco daily.

MORTALITY RATIOS AT DIFFERENT AGES

As indicated previously, the mortality ratios presented in previous tables
for different groups of smokers represent a kind of average over the age-
distribution of the smokers concerned, and do not necessarily apply to
smokers of any specific age. For cigarette smokers, the studies show that
the mortality ratio declines with increasing age, being higher for men aged
40-50 than for men over 70. This effect is illustrated in Table 6 from
the study of men in 25 states, which gives the mortality ratio computed
separately for five age classes.

The drop in mortality ratio with each increase in age appears fairly con-
sistently for every amount of smoking. For smokers of cigarettes only as a
whole, the death rate is more than double that for non-smokers in the age
range 40-49, but only about 20 percent higher for men over 80. The pic-
ture is, of course, different if we look at the absolute excess in death rates
at different ages. Owing to the marked increase in death rates with age, the
absolute excess also increases steadily with increasing age.

A more thorough investigation of the relation between death rates and
age for different groups of smokers has been made by Ipsen and Pfaelzer
(14).. If the logarithm of the age-specific death rate is plotted against age,
the resulting points lie reasonably close to a straight line. For the U.S.
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veterans study, Figur e 1 shows the points and fitte d lines  for non-smokers
and for current smokers of cigarettes only.  (The lines were fitted by the
standard method of least squares, weighting each point by the number of
deaths involved.)

If the lines for cigarette smokers and non-smokers were parallel. this
would imply that the mortality ratio of the smokers to the non-smokers was
constant at all ages, because the vertical distance between the two lines at
any age is the log of the mortality ratio for that age.  In Figure 1, however,
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the slope is slightly less steep for the cigarette smokers than for the non-
smokers. This indicates that the mortality ratio is declining with increased
age.

Table 7 shows these slopes (increase in the natural logarithm of the death
rate for each 5-year increase in age) computed from six of the studies.
The salient features are as follows: (1) In each study the slope for cigarette
smokers is smaller than the slope for non-smokers; (2) Within the cigarette
smokers the slope tends to decline, with some inconsistencies, as the amounts
smoked become greater; (3)for cigar or pipe smokers the slopes are closer
to those for non-smokers.

AGE AT WHICH SMOKING WAS STARTED

The study of U.S. veterans and the study of men in 25 states provide data
on the death rates of current smokers of cigarettes only, classified by the
age at which the person started to smoke. Since in both studies the men
who start to smoke early tend to smoke greater amounts per day than men
who start later in life, the mortality ratios to non-smokers are presented
separately for different amounts of smoking (Table 8).
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For a fixed amount of smoking, the mortality ratios (with one exception)
exhibit a consistent and rather striking increase as the age at which smoking
was started decreases. This increase appears in all smoking groups of
Table 8.  For men who started smoking cigarettes under the age of 20,
the over-all death rate was about twice that for non-smokers, whereas for
those who did not start until they were over 25 the death rate was only about
35 percent higher.

MORTALITY RATIOS BY DURATION OF SMOKING

Three studies have some data available on the number of years during
which the subjects had smoked. The comparison of mortality ratios for
different lengths of time smoked is of interest in relation to two questions
raised by Dorn (6) in an earlier analysis of the U.S. veterans’ data.  Is there
a minimum period of use during which no effect on the death rate is notice-
able?  Is there a maximum period after which no increase in the relative
death rate is perceptible?

For current cigarette smokers the results (Table 9) are not clear-cut. In
the U.S. veterans study, men smoking for less than 15 years had death rates
about the same as non-smokers . There is a rise of about 50 percent in the
mortality ratio for those who had smoked 15-35 years, with a further rise
for those smoking longer than 35 years. The study of men in nine states
shows a rise from under 25 years to 25-34 years duration, but no further
rise thereafter . In the Canadian study the mortality ratio with cigarette
smokers is just as high for durations less than 15 years as for durations of
15-29 years, though there is a rise (to 1.73) for smokers of cigarettes only
who have been smoking more than 30 years,

Thus, all three studies show some increase in the mortality ratios with
longer duration of smoking, but the pattern is irregular. In a further break-
down of the data by amount smoked, Hammond and Rorn (10) found no
trend with duration for men smoking more than a pack a day, but the other
two studies show an upward trend for this group of smokers.

For cigar smokers the only groups showing an increase in death rates over
non-smokers are those smoking for the longest period (Table 9). The in-
creases of 12 percent for the 35 years or over group in the U.S. study and of
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31 percent for the 30 years or over group in the Canadian study are both
statistically significant.

For pipe smokers no trend with duration of smoking is discernible. The
two figures which stand out (1.34 in the U.S. study and 1.36 in the Canadian
study) are both based on relatively small numbers of deaths.

INHALATION OF SMOKE

In two of the studies the subjects were questioned as to whether they
inhaled. In the study of men in 25 states each subject was asked to place
himself in one of the four classes: do not inhale, inhale slightly, inhale
moderately, inhale deeply. In the Canadian veterans study the subject simply
classified himself as an inhaler or non-inhaler.

For current smokers of cigarettes only in the U.S. study, 6 percent of the
subjects stated that they did not inhale, 14 percent inhaled slightly, 56 percent
moderately and 24 percent deeply. In the Canadian study 11 percent
classified themselves as non-inhalers.

Since inhalation practices may vary with the amount smoked, the results
for cigarette smokers (Table 10) are given separately for different amounts.
For the men in 25 states an increase in the degree of inhaling for a fixed
amount of smoking is in general accompanied by an increase in the mortality
ratio. Tbe relation of inhalation to mortality appears quite marked: for
instance, non-inhalers who smoke 20-39 cigarettes daily have mortality
ratios no higher than moderate or deep inhalers who smoke l-9 cigarettes
daily. With the very heavy smokers (40+ ) the figures in Table 10 suggest
that the mortality ratio may remain the same for non-, slight, and moderate
inhalers. The ratios of 2.05 (non-) and 1.97 (slight) are, however, based
on only 26 and 41 deaths, respectively.

Looking along the rows of the U.S. veterans study it will be seen that for
each degree of inhalation the mortality ratio increases with the amount
smoked. Ipsen and Pfaelzer (14) have shown that the logarithms of the 16
death rates at age 61 (approximately the average age) can be adequately rep-
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resented as an additive function of the amount of smoking and the degree of
inhalation (although other types of mathematical relationship would also fit
the data). In their analysis, the average change in logarithm of death rate
from “no inhalation” to “deep inhalation” is as great as the difference be-
tween consumption of less than 10 cigarettes and consumption of more than
40 cigarettes daily.

In the Canadian data the inhalers have higher mortality ratios than the
non-inhalers for each amount of smoking. No trend with amount of smok-
ing appears for the non-inhalers, but the ratios in this row are based on
rather small numbers of deaths.

For cigar smokers (current and ex-smokers) in the 25-state study 19 per-
cent stated that they inhaled to some extent.
non-inhalers and 1.37 for inhalers.

The mortality ratio is 0.89 for
The latter increase of 37 percent (based

on 91 deaths) is statistically significant, but as the data have not been sub-
classified by amount of smoking the result may be partially a reflection of
the increase in death rates noted in Table 4 for heavy cigar smokers. In the
Canadian study, 13 percent of the cigar smokers classified themselves as in.
halers, but the number of deaths is insufficient to present a breakdown of the
mortality ratio by inhalation status.

Among the pipe smokers there were 28 percent who inhaled in the U.S.
study and 18 percent in the Canadian study. The U.S. mortality ratios are
0.8 for non-inhalers and 1.0 for inhalers; the Canadian data contain too few
deaths to allow a breakdown by inhalation.

Ex-CIGARETTE SMOKERS

For men who had stopped smoking prior to the date of enrollment, Table
11 gives the mortality ratios from five studies for “cigarette only” smokers
and “cigarette and other” smokers. The corresponding results for current
cigarette smokers (from Table 2) are given for comparison. The distinc-
tion between current and ex-smokers is not of course clear cut, since some
current smokers may have stopped after enrolling in the study and some ex-
smokers may have later resumed smoking.

With one exception, the mortality ratios for ex-smokers lie consistently be.
low those for current smokers and above those for non-smokers. In inter.
preting comparisons of ex-smokers and current smokers there are at least
three relevant factors. If smoking is injurious to health, cessation of smok-
ing would be expected to reduce the mortality ratio.
stop smoking because of illness.

Secondly, some men
In the 25-State study, over 60 percent of

the men who had stopped smoking within a year prior to entry stated that a
disease or physical complaint was one of the reasons for stopping (12).
This factor would tend to make mortality ratios for ex-smokers higher than
those for current smokers. Fina 11 y, ex-smokers may have previously smoked
smaller amounts than current smokers. This factor is not the explanation
of the drops in mortality ratios in Table 11. In a further breakdown by
amount of smoking, made for the three largest studies, the mortality ratio
for ex-smokers is consistently below that for current smokers for each amount
smoked.
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Some supplementary analyses throw a little further light on this topic.
In the two American Cancer Society studies (Table 12) a breakdown is
given by the number of years since smoking was stopped.

Except for the smokers of under one pack a day in the 25-State study,
the mortality ratio for men who had stopped less than a year is higher than
that for current smokers.  Thereafter the ratio drops steadily as the interval
since smoking was stopped increases.

In the U.S. veterans study, further breakdowns are available by the
numbers of years during which the ex-smokers were smoking and by the
age at which smoking was stopped (Table 13), as well as by the amount
of smoking. The mortality ratios are about the same for those smoking
less than 15 years as for those smoking 15-24 years. Thereafter the ratios
rise with longer durations of smoking. Table 13 also shows that mortality
ratios were higher for those who stopped smoking at later ages.
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EX-CIGAR AND PIPE SMOKERS

Mortality ratios for smokers of cigars only and pipes only who had
stopped smoking prior to the date of entry are given in Table 14, the cor-
responding ratios for current smokers being included for comparison.

For ex-cigar smokers the mortality ratios are higher than those for non-
smokers and higher than those for current smokers in all four studies pre-
sented. The same is true for ex-pipe smokers with the exception of the
Canadian study.

The interpretation of this result is not clear to us.  According to Ham-
mond and Horn (10) and Dorn (6), the explanation may be that a sub-
stantial number of cigar and pipe smokers give up because they become ill:
some data from cigarette smokers that support this explanation have re-
cently been analyzed by Hammond (12). Further analysis of the U.S.
veterans data indicates that mortality ratios run highest in ex-smokers who
smoked heavily and for a long time.

EVALUATION OF SOURCES OF DATA

THE STUDY POPULATIONS

Various reasons dictated the particular choices made of the seven study
populations, considerations of feasibility playing an important role. None
of the populations was designed, in particular, to be representative of the
U.S. male population. Any answer to the question "toowhat general popula-
tions of men can the results be applied?“, must involve an element of un-
verifiable judgment .However, three of the studies have populations with
widespread geographic distribution within the United States, as do the
British and Canadian studies within their respective countries. Taken as a
whole, the seven populations offer a substantial breadth of sampling of the
type of men and environmental exposures to be found in North America and
Britain, as well as providing some variation in methodological approach,
although the basic plan was similar in all studies.

The seven studies differ considerably in size. They vary also in the extent
to which they are free from methodological weakness. The studies of men
in nine states and men in 25 States, for instance, suffer from the difficulties
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that the populations studied are hard to define, that the smokers and non-
smokers were recruited by a large number of volunteer workers, and that
completeness in the reporting of deaths was hard to achieve, since this de-
pends on reports from the volunteers. On the other hand these studies have
the advantage of being large and of having a broad geographic representa-
tion of the U.S. male population, while the second study is the only one that
attempts to investigate many other relevant variables in which smokers and
non-smokers may differ. In the California occupational study the focus of
interest is occupational differences in lung cancer mortality, smoking history
being recorded primarily in order to be able to adjust comparisons among
different occupational groups for differences in amount smoked. In the
analysis we have not attempted to rate the studies as to over-all quality or to
assign differential weights to their results, except that in the smaller studies it is
recognized that mortality ratios are subject to larger sampling errors. Our
attitude is to attach importance only to results that appear to be generally
confirmed by the studies.

Some idea of the relative death rates in these studies as compared with the
1960 white male population of the United States is given in Table 15, which
shows the age-adjusted death rates for ages 35 and over, using the age dis-
tribution of the U.S. white male population as a standard.  (The choice of
1960 for the comparison is arbitrary, but the white male rate changed little
between 1955 and 1960.)

In all studies the death rates for non-smokers are markedly below those
of U.S. white males in 1960. Even the smokers of one pack of cigarettes or
more daily have death rates that average slightly below the U.S. white male
figure. To some extent this is to be expected, since hospitalized and other
seriously ill persons are not recruited in such studies. The sizes of the differ-
ences appear, however, surprising for the studies with United States popula-
tions. Hammond and Horn (10), in a special investigation on this ques-
tion, concluded that the discrepancy in their study was due to the screening
out of sick persons in recruiting plus probably a selection towards men of
higher economic levels. They point out that their death rates are substantially
above those for males who had held ordinary life insurance policies for from
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5 to 15 years.  The U.S. veterans’ study population also came mainly from the
middle and upper socio-economic classes (6).

Another reason might be a failure to trace all deaths. In mass studies
it is almost impossible to devise infallible provisions for recording every
death. The study directors were, however, experienced in handling this
problem and it seems unlikely that more than, say, 5 percent of the deaths
would be missed. (Moreover, in the studies of veterans it is to the family’s
advantage to report the death.)

Another contribution probably came from the failure to obtain data for
some members of the population. Evidence on this point is available from
the British doctors and the U.S. veterans’ studies, in which death rates for
the complete population (respondents and non-respondents) are available.
In these studies the death rate for the whole population exceeded that in
the respondents, but by only 5 percent to 10 percent, so that non-response
appears unlikely to be a major cause of the discrepancy.

So far as interpretation of results is concerned, the discrepancy raises
two points. It is clear that the seven prospective studies involve popula-
tions which are healthier than U.S. males as a whole. Secondly, the low
death rates for non-smokers suggest the possibility that the studies recruited
unusually healthy groups of non-smokers. In the case of the five studies
which had clearly defined populations, this selection would arise only if
the non-smokers who refused to enter the study had death rates much
higher than those who were enrolled. This point is discussed in the next
section.

NON-RESPONSE BIAS

In all five studies that had a clearly defined target population, sizeable pro-
portions of the population were omitted. The major reason was failure to
answer the questionnaire; in addition, certain replies were rejected as too
incomplete. The percentages of the populations for which usable replies
were obtained were approximately as shown in Table 16.

In the U.S. veterans study, 68 percent replies were obtained from the
1954 questionnaire. A second questionnaire, sent in 1957, enrolled an addi-
tional 17 percent, for whom data are available during the period 1957-60.
In the two American Cancer Society studies it is not possible to present
meaningful percentages, since each research volunteer selected her own
small part of the study population from among her acquaintances.

The possible effec s of these amounts of non-response on the mortality
ratios have received little discussion. Some pieces of information about
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non-respondents are available in two studies. From a recent sample, Doll
(4) states that (a) the death rate of non-respondents in the British doctors
study is higher than that of respondents; (b) consequently the death rate
for respondents is lower than that of British doctors as a whole, perhaps
by as much as 5 percent to 10 percent; (c) there are relatively more smokers
among the non-respondents than among the respondents. In the U.S. vet-
erans’ study, the death rate for the whole study population exceeded that for
the original 68 percent responders by 7 percent in 1958 and 5 percent in
1959. From this study one can also calculate mortality ratios separately,
during 1957-60, for the 1954 respondents and the 1957 respondents. The
results for smokers of cigarettes are as follows:

1954 1957 Non-
respondents respondents respondents
(68 percent) (17 percent) (15 percent)

Current cigarettes only------------- 1.87 1.71 ?
Current cigarettes and other-------- 1.56 1.33 ?

Those who did not respond in 1954 but did respond in 1957 show lower
mortality ratios than the original set of men giving usable replies. By
making guesses about the mortality ratios in the 15 percent of non-responders,
one can compare the resulting mortality ratio in the whole population with
that found in the original 68 percent. To consider how much of an over-
estimate the ratios of 1.87 and 1.56 might be, we might suppose, to illustrate
the method, that the mortality ratio is unity for the non-respondents.  The
mortality ratio for the whole population then turns out to be 1.71 for cig-
arettes only and 1.44 for cigarettes and other. Thus, with a non-response
rate of 30 percent, the computed mortality ratio might overestimate by 0.1
or 0.2.

Berkson (1) produced a set of assumptions under which, with a mortality
ratio of 1 in the whole population and a response rate of 71 percent, the
mortality ratio in the respondents is found to be 1.5. Non-respondents are
assumed to be of two types. One group, destined to have a high death rate,
refuses because they don’t feel well. This group has a high refusal rate
(50 percent) for both smokers and non-smokers, since the reason for refusal
is illness and not smoking. In the remainder of the non-respondents, the
refusal rate is higher among smokers than non-smokers. Qualitatively,
these assumptions are not unreasonable and agree in direction with the
results quoted previously for the British doctors and U.S. veterans’ studies.
Korteweg (15) worked further examples of Berkson’s model as applied to
individual causes of death in the first report of the study of men in nine
states. He concluded that the response bias in the mortality ratio might be
as high as 0.3. Both Berkson and Korteweg, had, of course, to make some
arbitrary assumptions about the sizes of biases from different sources.

Further discussion of the non-response bias and computations as to its
magnitude are given in Appendix I. The computations indicate that re-
ported mortality ratios lying between 1 and 2 might overestimate by as
much as 0.3, a mortality ratio of 5.0 might overestimate by 1.0, and one of
10.0 might overestimate by 3.0. Thus, under assumptions that are rather
extreme, although consistent with the available data about non-respondents,
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the mortality ratios of cigarette smokers would still remain substantially
higher than unity after adjustments for these amounts of over-estimation.

MEASUREMENT O F  SMOKING  H ISTORY

Measurement of the type and amount of smoking, being based on a single
mail questionnaire, was admittedly crude. Consider men recorded as cur-
rent smokers of cigarettes only. Subsequent to enrollment, some of these
presumably stopped smoking, at least temporarily, and some took up other
forms, with or without cigarettes.

Similarly, some men recorded as non-smokers may have begun to smoke
cigarettes subsequently. Consequently, the group designated as “current
smokers of cigarettes only” presumably contained men who were, for some
period of time “ex-smokers” or “cigarette and other” smokers, while men
designated as “non-smokers” contained some who smoked cigarettes for a
time. It seems likely that this dilution of the contrast between the two
groups would make the mortality ratio of cigarette smokers, as reported in
previous tables, underestimate the mortality ratio of unchanging cigarette
smokers relative to unchanging non-smokers, particularly when we note
that the groups labeled “ex-smokers of cigarettes” and “cigarette and other”
smokers both had mortality ratios lower than the group labeled “current
smokers of cigarettes only”.

As regards number of cigarettes per day, two types of errors of measure-
ment may occur. There will be “random” errors of measurement (some
men overestimate the amount and others underestimate it) that tend to
cancel out over all men in the study. The effect of such errors is that
the reported data underestimate the increase in the mortality ratio per
additional cigarette smoked daily, the computed increase being an estimate
of B/(1+h), where B is the true increase and h is the ratio of the variance
due to errors of measurement in the amount smoked to its total variance,
Yates (17). There may also, however, be systematic errors in reporting
the amount smoked. Heavy smokers may tend to underestimate the amount
smoked.  If  this  happens,  the reported increase in mortal i ty  rat io per
additional cigarette smoked will be an overestimate of the true increase,
al though the upward t rend of  mortal i ty  ra t io  with increasing amount
smoked will remain.

On balance, we are inclined. to agree with the opinion expressed by the
authors of several of the studies to the effect that the general result of errors
in reporting smoking history is to depress the mortality ratios of smokers
relative to non-smokers, so that reported ratios will tend to be underestimates
so far as this source of error is concerned.

STABILITY O F  THE  MORTALITY  RATIO

The sampling distribution of the mortality ratio has not to our knowledge
been at all thoroughly investigated and appears to he complicated. As a
rough approximation (Appendix II), the ratio of smoker deaths to smoker

98



plus non-smoker deaths may be regarded as a binomial proportion with
mean AR/(1+hR) where R is the true mortality ratio, A is the ratio of the
expected smoker deaths to the observed non-smoker deaths and the sample
size is the number of smoker plus non-smoker deaths.
tion, confidence limits for R may be derived.

From this approxima-
This approximation requires

that (1) the age distributions of smokers and non-smokers do not differ
greatly and (2) all age-specific death rates are small. An alternative normal
approximation that avoids assumption (1) is also given in Appendix II.

The sampling variation of the estimate of R is seldom of major import
in this part of the report, since the ratios for total mortality are mostly based
on relatively large numbers of deaths. The estimate has a positive mathe-
matical bias, negligible with large but not with small numbers of deaths.
In another sense the particular mortality ratio used in this report has a
different kind of bias. Since the standard age-distribution used in this
ratio is the age-distribution of the smokers, who are somewhat younger than
the non-smokers, the mortality ratios apply to populations slightly younger
than the combined population of the study. This is not in our opinion a seri-
ous objection, but may sometimes be relevant in questions of interpretation.

OTHER VARIABLES RELATED TO DEATH RATES

As mentioned previously, the smokers and non-smokers in these studies
may differ with respect to other variables that might influence the death rate.
Except in the new 25-State study, no attempt was made to measure these
variables apart from urban-rural residence, and previous reports on these
studies give little discussion of this problem. For urban-rural residence, Doll
and Hill (5) found that the proportions of smokers of different amounts
in the study population were about the same in rural areas, small cities and
large cities. In three studies the mortality ratios of cigarette smokers were
computed separately by size of city (6, 10, 11). In the study of men in
25 States, the data refer to men who smoked 20 or more cigarettes a day
and said that they inhaled moderately or deeply. In all three studies the
mortality ratios show little change with size of community (Table 17).

In the 25-State study, over 20 other variables that may be associated with
death rates were recorded. The study population was broken down into
subgroups for many of these variables separately: for instance, into smokers
who have long-lived parents and grandparents and those whose parents and

TABLE 17.--Mortality ratios for cigarette smokers by population-size of city



grandparents were short-lived. Included among these variables were reli-
gion, educational level, native or foreign birth, residence by size of town
and occupational exposure, use of alcohol, use of fried food, amount of
nervous tension, use of tranquilizers, and presence or absence of prior
serious disease. For cigarette smokers who smoked more than a pack a day
and inhaled moderately or deeply, the mortality ratio was computed within
each subgroup. For example, the mortality ratio was 1.99 for men with
long-lived parents and 2.30 for men with short-lived parents. In every
subgroup the mortality ratio was well above unity, the lowest among 71
computed ratios being 1.57 (for men with a history of previous serious
disease).

These data provide information on the association of the other variables
with mortality as well as on the association of smoking with mortality. For
six of the most relevant variables, Table 18 gives age-adjusted death rates,
using the combined populations of non-smokers and cigarette smokers as
the standard population. The death rates apply to a period of roughly
22-months follow-up.  As already mentioned, the cigarette smokers (of
more than a pack per day who inhaled moderately or deeply) have higher
death rates than the non-smokers in every cell of Table 18.  Since not all
respondents answered these supplementary questions, the results may he
subject to some additional non-response bias.

As would be expected, death rates are relatively high for men with previ-
ous serious disease and for men from short-lived families, and are somewhat
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higher for single than for married men. The size of the excess death rate
for users of tranquilizers compared to men who do not use them is perhaps
surprising (29.1 against 18.2 and 52.4 against 31.8). However, the tran-
quilizers in question required a doctor’s prescription, so that some men in
this group are presumably under medical attention for illness. The group of
users is small, comprising only about 10 percent of those who answered this
question. Death rates tend to decrease slightly as the educational level
increases; this association may represent some facet of the association of
death rates with socio-economic level. Degree of exercise displays an inter-
esting association with mortality, the death rate declining steadily with
additional degrees of exercise. In particular, the two “no exercise” groups
show marked elevations in death rates. These groups, however, amount to
only 2 percent of the respondents to this question.

From the same data, Ipsen and Pfaelzer (14) made a further analysis
of seven variables that appeared to be related to mortality, in order to see
whether any of the variables had a stronger association with mortality than
did cigarette smoking. They concluded that apart from previous serious
disease, none of the other variables examined had as high a correlation with
mortality as smoking of cigarettes. Further, the correlation of any of these
other variables with cigarette smoking was too weak to reduce markedly
the correlation of cigarette smoking with mortality after adjustment for
the other variable.

In the analyses above, smoking was matched against each variable sep-
arately. In addition, Hammond (11) carried out a “matched pair” analysis,
in which pairs of cigarette smokers and non-smokers were matched on height,
education, religion, drinking habits, urban-rural residence and occupational
exposure. The percentage who had died in the 22 months was 1.64 for
smokers and 0.88 for non-smokers.

These informative analyses are available, unfortunately, for only one of
the studies. However, in order that the association of cigarette smoking
with mortality should disappear when we adjust for another variable, the
correlations of this variable with smoking and with the death rate must
both be higher than the correlation between smoking and the death rate.

Except for the breakdowns by longevity of parents and grandparents,
the analyses throw little light, however, on the objection that a part of the
differences in death rates may be constitutional, psychological or behavioral;
i.e., that regular cigarette smokers are the kind of men who would have
higher death rates even if they did not smoke. Further discussion of this
point appears in the next section.

M O R T A L I T Y  B Y  C A U S E  O F  D E A T H

In all seven studies the underlying cause of death, as specified in the Inter-
national Statistical Classification of Diseases, Injuries and Causes of Death,
was abstracted from the death certificate. In the two American Cancer So-
ciety studies, further confirmation of the cause of death, including histological
evidence, was sought from the certifying physician for all cancer deaths; this
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procedure was also followed in the British doctors’ study for all certificates
in which lung cancer was mentioned as a direct or contributory cause. With
these exceptions the data presented here represent the results of routine death
certification.

For current smokers of cigarettes the total mortality, after adjustment for
differences in age composition, was found previously (Table 2) to be about
70 percent higher than that of non-smokers in these studies. The primary
objective in this section is to examine whether this percentage increase ap-
pears to apply about equally to all principal causes of death, or whether the
relative increase is concentrated in certain specific causes or groups of
causes.

RESULTS FOR CIGARETTE SMOKERS

For 24 causes of death, plus the “all other causes” category, Table 19 shows
summary data over all seven studies.* In four of the studies the data are
those for current smokers of cigarettes only, but in the two California studies
and the 25-State study the cause-of-death breakdown was available only for all
cigarette smokers including “cigarette and other” smokers and current and
ex-smokers.

For each listed cause, Table 19 shows the total numbers of expected and
observed deaths of cigarette smokers summed over all seven studies, and
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the resulting mortality ratios, arranged in order of decreasing ratios. The
combination of the results of the seven studies in this way is open to criticism,
since it gives more weight to the larger studies than may be thought advis-
able, and since the true mortality ratios for specific causes presumably differ
somewhat from study to study. However, for some causes of death that
are of particular interest the numbers of deaths are small in all studies,
so that some procedure for combining the results is highly desirable. As
an alternative measure of the combined mortality ratio, the median of the
seven mortality ratios (obtained by arranging the seven ratios, in increasing
order and selecting the middle one) is also shown for each cause in Table
19. The median, of course, gives equal weight to small and large studies.
Although there are some changes in the ordering of the causes when medians
are used instead of the ratios of the combined deaths, the general pattern
in Table 19 is the same for both criteria.

Table 19 also presents the total numbers of non-smoker deaths on which
the combined mortality ratios are based.

Lung cancer shows the highest mortality ratio in every one of the Seven
studies, the combined ratio being 10.8. Other causes that exhibit sub-
stantially higher mortality ratios than the ratio 1.68 for all causes of death
in Table 19 are bronchitis and emphysema, cancer of the larynx, cancer of
the oral cavity and pharynx, cancer of the esophagus, stomach and duodenal
ulcers, and a rather mixed category labeled “other circulatory diseases,”
which includes aortic aneurysm, phlebitis of the lower extremities, and
pulmonary embolism. For three of these causes--cancer of the larynx,
oral  cancer  and cancer  of  the esophagus-- the numbers  of  non-smoker
deaths are small, so that the over-all mortality ratio cannot be regarded as
accurately determined.

The U.S. veterans’ study and the 25-State study provide an additional
breakdown for two of the causes listed in Table 19. For the rubric 527.1
(emphysema without mention of bronchitis), these studies give mortality
ratios of 13.1 and 7.5, respectively. For ulcer of the stomach they give
5.1 and 4.3, whereas for ulcer of the duodenum their mortality ratios are
2.3 and 1.1. Bronchitis and emphysema also show a high rate, 12.5, in the
British doctors’ study.

There follows a list of 14 causes whose mortality ratios are not greatly
different from the ratio of 1.68 for all causes in Table 19. These causes
range from cirrhosis of the liver, with a ratio of 2.2, down to a ratio of 1.2
for the miscellaneous class which contains accidents, suicides and violent
deaths. This group includes the leading cause of death, coronary artery
disease, with a ratio of 1.7, cerebral vascular lesions with a ratio of 1.3,
and the “all other causes” group with a ratio of 1.3. For each of these 14
causes the mortality ratio differs from unity, by the approximate statistical
test of significance.

Finally, there are four causes--nephritis, rheumatic heart disease, cancer
of the rectum and cancer of the intestines--whose mortality ratios are close
to unity.

For smokers of cigarettes and other, the data from four studies agree in
general  with the order ing of  causes  in  Table  19,  a lthough the mortality

ratios for most causes are slightly lower than with smokers of cigarettes
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only. These and the corresponding data for ex-cigarette smokers are shown
in Table 20.

Data on ex-cigarette smokers can be obtained from four studies. The
causes of death with mortality ratios of 2.0 or higher are, in decreasing
order, bronchitis and emphysema (7.6), cancer of the larynx (5.4), cancer
of the lung (4.8), stomach and duodenal ulcers (3.1), oral cancer (2.0),
and other circulatory diseases (2.0).

The group of 17 causes with mortality ratios below 2 in Table 19 requires
discussion.  If  cancer  of  the bladder  (mortal i ty  rat io 1.9)  and coronary
artery disease (mortality ratio 1.7) are omitted, since they receive detailed
consideration elsewhere in this report, the numbers of expected and observed
deaths for this group as a whole are as follows:

Expected Observed Mortality Ratio
8,241.3 10,789 1.31

If we exclude from this total the four causes at the foot of Table 19, for
which the mortality ratios are 1 and smaller, the corresponding totals
become:

Expected Observed Mortality Ratio
7,164.0 9,699 1.35

In either case the excess of observed over expected deaths is close to 2,500
or about 25 percent of the total excess in observed deaths in Table 19. Thus,
although the mortality ratios for these groups are only moderately over 1, the
group as a whole contributes substantially to the total number of excess ob-
served deaths. The group consists mainly of a miscellaneous collection of
chronic diseases.

Several tentative explanations of this excess mortality ratio can be put for-
ward. Part may be due to the sources of bias previously discussed. It was
indicated in the section on “Non-Response Bias” that the bias arising from
non-response might account for a mortality ratio of 1.3. Relatively high
mortality ratios in certain causes of death that have not yet been examined
individually may also be a contributor, although as these causes are likely
to be rare, the contribution from this source can hardly be large.

Part may be due to constitutional and genetic differences between cigarette
smokers and non-smokers. Except for the breakdown mentioned previously
by longevity of parents and grandparents in the men in 25 States study, there
is no body of data available that provides a comparison of cigarette smokers
and non-smokers on these factors as they affect longevity. But it is not un-
reasonable to speculate that the kind of men who become regular cigarette
smokers are, to a moderate degree, less inherently able to survive to a ripe old
age than non-smokers. We know of no way to make a quantitative estimate
of the difference in death rates that might be attributable to such constitu-
tional and genetic factors.

Studies reported in Chapters 14 and 15 indicate that some average differ;
ences can be detected between smokers and non-smokers on behavioral,
psychological and morphological characteristics. Nevertheless, the same com-
parisons show considerable overlap between the individual men in a group of
smokers and a group of non-smokers. For what they are worth, these com-
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parisons suggest by analogy that the differences in death rates from constitu-
tional or genetic factors may be moderate or small rather than large.* Fur-
ther, it seems unlikely that constitutional or genetic differences between cigar
and pipe smokers and between these groups and non-smokers can have any
substantial effect on their death rates, since the over-all death rates of these
three groups differ only slightly.

Finally, part of the difference may represent a general debilitating effect of
cigarette smoking in addition to marked effects on a few diseases. Pearl’s
hypothesis that smoking increases the “rate of living” is of this type, though
there are difficulties in making this hypothesis precise enough to be subject
to medical investigation. Hammond (13) has suggested that the explana-
tion might lie in the effect of cigarette smoking in decreasing the quantity of
oxygen per unit volume of blood, but there are numerous medical objections
to this hypothesis. This Committee has no information that would lead it
to favor one or another of the possible explanations put forward above.

*This question is discussed more fully in Chapter 9, p. 190.
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MORTALITY RATIOS FOR CIGARETTE SMOKERS BY AMOUNT SMOKED

For coronary artery disease and lung cancer, the mortality ratios are given
by amount smoked in Tables 21 and 22 for current smokers of cigarettes only.

In Table 21 an increasing trend with amount smoked appears in all five
studies.  The two California studies, in which the data are for all cigarette
smokers (current and ex-smokers combined) show a less marked trend.

The trends in lung cancer mortality ratio with amount smoked are steep
in all four studies.  The two California studies also show marked trends
for all cigarette smokers combined.

For the six causes of death (other than lung cancer) that were pointed
out in Table 19 as having unusually high mortality ratios, the numbers of
deaths permit a breakdown only into two amounts smoked. The results
from six studies are shown in Table 23. Data were not available from the
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men in the 25-State study. Cancer of the bladder is included in Table 23
as background data for Chapter 9.

All causes except stomach and duodenal ulcers show some increase in
the mortality ratio for the heavier smokers.  The rate of increase cannot be
regarded as accurately determined in view o f  the small numbers of deaths.

CIGARS AND PIPES

In view of the small numbers of deaths involved, the data for cigar and
pipe smokers were combined in Table 24, which lists the total expected deaths,
total observed deaths and mortality ratios from five studies (British doctors,
U.S. Veterans, Canadian Veterans, and men in 9 and 25 States). Causes
of death with relatively high mortality ratios are oral cancer (3.4), cancer of
the esophagus (3.2), cancer of the larynx (2.8), cancer of the lung (1.7),
cirrhosis of the liver (1.6), and stomach and duodenal ulcers (1.6). It
should be noted that all these ratios are based on modest numbers of deaths.

Separate breakdowns by cause of death for cigar-only smokers and for
pipe-only smokers are available in only three studies. The numbers of
deaths are too few to throw any light on the question whether there are
differences between cigar and pipe smokers in the causes of death for which
mortality ratios are elevated.

107





T HE C ONTRIBUTION OF D IFFERENT C AUSES TO E XCESS M O R T A L I T Y

Several of the reports previously published on these studies have included
a table showing how the excess number of deaths of cigarette smokers over
non-smokers is distributed among the principal causes of death. For each
cause, the difference between the observed and the expected number of
deaths for cigarette smokers is divided by the total excess for all causes,
and multiplied by 100 to express the figures on a percentage basis. Table
25 presents these percentages for the seven studies for 13 groups of causes.
A negative percentage, which occurs in a few places in the table, implies that
for this cause the observed smoker deaths were smaller than the expected
deaths.

As previous writers have noted, all studies agree in showing coronary
artery disease as the prime contributor to excess mortality, with lung cancer
in second place.  Other rubrics that show a substantial contribution in some
studies, though not in all, are bronchitis and emphysema, cancers other
than those of the mouth and lungs, and heart disease other than coronary.

SUMMARY

This report summarizes the results of the seven major prospective studies
of the relative death rates of male smokers and non-smokers.

TOTAL MORTALITY

Cigarette Smokers

The death rate for smokers of cigarettes only who were smoking at the
time of entry is about 70 percent higher than that for non-smokers.
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The death rates increase with the amount smoked. For groups of men
smoking less than 10, 10-19, 20-39, and 40 cigarettes and over per day,
respectively, the death rates are about 40 percent, 70 percent, 90 percent and
120 percent higher than for non-smokers.

The ratio of the death rates of smokers to that of non-smokers is highest
at the earlier ages (40-50) represented in these studies, and declines with
increasing age. The same effect appears to hold for the ratio of the death
rate of heavy smokers to that of light smokers.

In the studies that provided this information, the mortality ratio was
substantially higher for men who started to smoke under age 20 than for
men who started after age 25. In general, the mortality ratio was increased
as the number of years of smoking increased, although the pattern of in-
crease was irregular from study to study.

In two studies which recorded the degree of inhalation, the mortality ratio
for a given amount of smoking was greater for inhalers than for non-inhalers.

Cigarette smokers who had stopped smoking prior to enrollment in the
study had mortality ratios about 1.4 as against 1.7 for current cigarette
smokers. Two studies reported the number of years since smoking was
stopped. In these, the mortality ratio declined in general as the number of
years of cessation increased. The mortality ratio of ex-cigarette smokers
increased with the number of years of smoking and was higher for those
who stopped after age 55 than for those who stopped at an earlier age.
(These results were available in one study only.)

Taken as a whole the seven studies offer a  substantial breadth of sampling
of the type of men and environmental exposures to be found in North
America and Britain, although none of the groups studied was planned as
a random sample of the U.S. male population. All the studies had death
rates below those of the U.S. white male population in 1960. To some
extent this is to be expected, since men in poor health were likely to be
under-recruited in these studies. Only a minor part of these differences
in death rates can be attributed to a failure to trace all deaths or to higher
death rates among non-respondents in these studies.

The data on smoking status and on amount smoked were subject to errors
of  measurement ,  par t icular ly s ince smoking s tatus  was measured only
once and some men presumably changed their status after entry into the
study.  For  men designated as  current  smokers  of  cigaret tes  only,  our
judgment is that the net effect of such errors of measurement is to make the
observed mortality ratios relative to non-smokers underestimates of the
true mortality ratios.

The studies suffered from a failure to obtain substantial portions of the
study populations selected for investigation. For a non-response rate of
32 percent in the prospective studies, calculations based on the available
information about the non-respondents indicate that reported mortality
ratios lying between 1 and 2 might overestimate the corresponding figure
for the complete study population by 0.2 or 0.3. In our judgment these
biases can account for only a part of the elevation in mortality ratios found
for cigarette smokers (see Appendix I).

In three studies in which the data could be subdivided by size of city,
the mortality ratios differed little in the four sizes of communities studied.
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In one study numerous other variables that might influence the death rate,
such as longevity of parents and grandparents, use of alcohol, occupational
exposure and educational level, were recorded. Adjustment for each of
these variables individually produced little change in the mortality ratios.

Although similar information from other studies would have been wel-
come, it is our judgment that the mortality ratios are unlikely to be explained
by such environmental, social class, or ethnic differences between cigarette
smokers and non-smokers.

Except for the analyses reported above by longevity of parents and grand-
parents and by previous serious disease, no direct information is available on
whether there are basic constitutional differences between cigarette smokers
and non-smokers that would affect their longevity. As described elsewhere
in this report, differences have been found between cigarette smokers and
non-smokers on certain psychological and behavioral variables. However,
even for these variables the distributions for cigarette smokers and non-
smokers show considerable overlap. It seems a reasonable opinion that
the same situation would apply to the constitutional hardiness of cigarette
smokers and non-smokers, if it were possible to measure such a variable.
This implies that constitutional differences, if they exist, are likely to express
themselves in only a moderate difference in death rates.

Cigar Smokers
Death rates are about the same as those of non-smokers for men smoking

less than five cigars daily. For men smoking five or more cigars daily,
death rates were slightly higher (9 percent to 27 percent) than for non-
smokers in the four studies that gave this information. There is some indi-
cation that this higher death rate occurs primarily in men who have been
smoking for more than 30 years and in men who stated they inhaled the
smoke to some degree.

Death rates for ex-cigar smokers were higher than those for current
smokers in all four studies in which this comparison could be made.

Pipe Smokers
Death rates for current pipe smokers were little if at all higher than for

non-smokers, even with men smoking 10 or more pipefuls per day and with
men who had smoked pipes for more than 30 years.

Ex-pipe smokers, on the other hand, showed higher death rates than both
non-smokers and current smokers in four out of five studies. The epi-
demiological studies on ex-cigar and ex-pipe smokers are inadequate to
explain this puzzling phenomenon. According to Hammond and Horn (10)
and Dorn (6) the explanation may be that a substantial number of cigar
and pipe smokers stop smoking because of illness.

MORTALITY BY CAUSE OF DEATH

In the combined results from these seven studies, the mortality ratio of
cigarette smokers was particularly high for a number of diseases: cancer of

112



the lung (10.8), bronchitis and emphysema (6.1), cancer of the larynx (5.4),
oral cancer (4.1), cancer of the esophagus (3.4), stomach and duodenal
ulcers (2.8), and the rubric, 451-468, “other circulatory diseases” (2.6).
For coronary artery disease, the mortality ratio was 1.7.

There is a further group of diseases, including some of the most important
chronic diseases, for which the mortality ratio for cigarette smokers lay
between 1.2 and 2. The explanation of the moderate elevations in mor-
tality ratios in this large group of causes is not clear. Part may be due
to the sources of bias previously mentioned or to some constitutional and
genetic difference between cigarette smokers and non-smokers. There is
the possibility that cigarette smoking has some general debilitating effect,
although no medical evidence that clearly supports this hypothesis can be
cited. The substantial number of possibly injurious agents in tobacco and
its smoke also may explain the wide diversity in diseases associated with
smoking.

In all seven studies, coronary artery disease is the chief contributor to
the excess number of deaths of cigarette smokers over non-smokers, with
lung cancer uniformly in second place.

For cigar and pipe smokers combined, the data suggest relatively high
mortality ratios for cancers of the mouth, esophagus, larynx and lung, and
for cirrhosis of the liver and stomach and duodenal ulcers. These ratios
are, however, based on small numbers of deaths.

A P P E N D I X  I

APPRAISAL OF POSSIBLE BIASES DUE TO NON-RESPONSE

The non-response rates in the prospective studies were approximately as
follows: 15 percent for the California occupational study; 15 percent for
the U.S. veterans’ study during the 3-year period 1957-1959 and 32 percent
during the 3-year period 1954-1956: 32 percent for the British doctors’
study; and about 44 percent for the California Legion study and the Canadian
veterans’ study. In forming a judgment about the size of the bias that may
be due to non-response, we have concentrated on a non-response rate of
32 percent, since this represents roughly an average figure for these five
studies. The objective is to estimate by how much the mortality ratio for
the whole population might differ from that found in the respondents.

The only useful information in any detail about the non-respondents comes
from the U.S. veterans’ study. Table 27 shows data on death rates in 1958
and 1959 (16).

For the present purpose the 1957 respondents will be regarded as a part
of the 32 percent of non-respondents to the original questionnaire for whom
we are fortunate to have some data.

Table 27 indicates that the non-respondents in 1954 have higher death rates
than respondents for both non-smokers and smokers. For non-smokers the
ratio of the death rate of 1957 respondents to 1954 respondents was 1.35 in

113



1958 and 1 . 2 7  in 1959. For smokers the corresponding figures are 1.18 in
1958 and 1.14 in 1959.

If the adjusted death rates in Table 27 are weighted by the proportions of
men in the population, it is found that the over-all 1958 death rate for 1954
respondents was 17.77 as compared with 19.05 for the complete study popula-
tion. The ratio 19.05/17.77 is 1.07, so that in 1958 the death rate for the
study population was 7 percent higher than for the 1954 respondents. In
1959 the corresponding death rates were 17.46 for 1954 respondents and
18.31 for the complete population, the ratio being 1.05. These ratios agree
with Doll’s judgment (4) that in the British doctors’ study the death rate in
the complete population may exceed that in his 68 percent of respondents by
from 5 percent to 10 percent.

Comparison of the 1954 and 1957 respondents also suggests that the non-
respondents in 1954 contain a higher proportion of smokers than the re-
spondents. In the 1954 respondents,non-smokers contributed 183,094
person-years of experience during 1957-1959 as compared with 179,750
person-years for current smokers of cigarettes only, non-smokers represent-
ing 50.6 percent of the total of the two groups. Among the 1957 respondents
the corresponding figure was 46.8 percent. A further decline may have oc-
curred in the non-respondents to the 1957 questionnaire.

From these data the following assumptions were made in investigating the
non-response bias as it affects the mortality ratio of current smokers of ciga-
rettes only.

1. The proportions of the relevant groups in the complete population are
as follows:

This assumes that in the 68 percent of respondents, non-smokers consti-
tute 50 percent of non-smokers plus cigarette smokers, but in the non-re-
spondents this figure has dropped to 44 percent.
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2. The death rate in the complete population is 10 percent higher than in
the respondents.

3. One further numerical relationship is needed in order to obtain con-
crete results. For this, the computations were made under two different
sets of assumptions. The more extreme (3a) is that cigarette smokers have
no higher death rates among non-respondents than among respondents.
The alternative (3b) is that the death rate of cigarette smokers was 10
percent higher among non-respondents than among respondents. Both sets
of assumptions seem more extreme than the indications from the U.S. vet-
erans’ study in which, as already noted, the smoker death rates were 18
percent and 14 percent higher among 1957 respondents than among 1954
respondents.

For total mortality, the calculations of most interest are those for a
mortality ratio of 1.7 among the respondents, since this is the average ratio
found in the prospective studies for smokers of cigarettes only. For indi-
vidual causes of death, however, the mortality ratios among respondents
range from 1 to 10, so that calculations were made for a series of different
mortality ratios among respondents. Table 28 illustrates the calculations
made on assumptions (3a) and (3b) for a mortality ratio of 1.7 among
respondents.

Thus, the mortality ratio drops from 1.7 to 1.36 in the complete population
under assumption (3a) and to 1.48 under assumption (3b). One conse-
quence of assumption (3a) is that the mortality ratio of cigarette smokers
among the non-respondents is less than 1.

Table 29 shows the results obtained for a range of mortality ratios in the
respondent population.

For the high mortality ratios the assumptions may appear unduly extreme.
For instance, under assumption (3a) with mortality ratio 10.0 in the respond-
ents, the non-smoker death rate in the non-respondents has to be 3.6 times
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that in the respondents, although the smoker death rates are assumed the
same in respondents and non-respondents.

It may be of interest to quote Berkson’s (1) example in the same form
(Table 30).

In their general direction, Berkson’s assumptions are similar to those made
in this Appendix, but the differences in death rates between respondents and
non-respondents were more extreme in his example. The death rate in the
complete population (3.000) was 42 percent higher than the respondent death
rate. The non-smoker death rate was over 38 times as high among non-
respondents as among respondents (60.121/1.553), whereas among the
smokers it was only 1.8 times as high. His calculations referred to the early
years of a study, in which the effects of differential entry of ill persons among
smokers and non-smokers are likely to be most marked. Further, as we in-
terpret his writing, the example was intended as a warning against the type
of subtle bias that can arise whenever a study has a high proportion of non-
respondents, rather than a claim that this numerical estimate of the bias ac-
tually applied to these studies.

To summarize, the amounts of non-response in t h e  prospective studies
could have produced sizable biases in the estimated mortality ratios. Taking
assumption 3b in Table 29, as representing fairly extreme conditions, it
appears that a reported mortality ratio between 1 and 2 might overestimate
by 0.3, a ratio of 5.0 by 1.0 and a ratio of 10.0 by 3.0.
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APPENDIX II

STABILITY OF MORTALITY RATIOS

In computing the mortality ratio of a group of smokers to a group of non-
smokers, each group is subdivided into age-classes (usually 5-year). For
the ith age-class let yi denote the number of smoker deaths and xi the num-
ber of non-smoker deaths. The “expected” number of smoker deaths in the
ith class (expected on the assumption that smokers have the same age-specific
death rates as non-smokers) is

summed over the age-classes.
In the interpretation of the values of R found in the seven studies, much

weight has been given to the consistency of the values from one study to
another, on the grounds that if the values of R for a particular cause of death
are high in all seven studies, this evidence is more impressive than R values
that are high in say, three studies but show no elevation in the remaining
four studies. As a consequence, the question whether the value of R^ in an
individual study is significantly above unity, in the technical sense of this
term, becomes less important. Nevertheless, an answer to this question is
occasionally useful in the analysis. Moreover, for some causes of death the
total numbers of deaths, even when all seven studies are combined, are small
enough so that a measure of the stability of the combined R^ is needed.

Assumptions

In attempting to get some idea of the stability of R^ without too much com-
plexity, the following assumptions will be made.

1. The numbers of deaths yi and xi are distributed as Poisson variables.
As Chiang (3) has shown, a more accurate assumption is to regard yi and xi

as binomial numbers of successes. But with causes of death for which the
probability of dying in a 5-year age span is very small the Poisson assump-
tion, which is slightly conservative, is reasonable.

2. The quantities hi can be regarded as known constants. This is not
quite correct. Initially, the hi are the ratios of the numbers of smokers to
non-smokers in the age-classes, which can reasonably be regarded as given.
In subsequent years, however, the numbers are depleted by deaths, and the
number of deaths is a random variable. When death rates are small, how-
ever, this assumption should introduce little error.

3. The variates yi and yj are uncorrelated. An error in the age assigned
to a death, putting it in the wrong age-class, induces a negative correlation
between yi and yj. The existence of such errors should have no effect on
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the variance ascribed to Byi on the assumption of independence. The same
remarks apply to the assumption that xi and x j  are uncorrelated.

4. The variates xi and yi are uncorrelated. An error in assigning a death
to the correct smoking category would induce a negative correlation between
xi and yi. Such errors should of course not be allowed to happen, since
they vitiate the comparison of the death rates that is the main point of the
study, but occasional errors of this type may have occurred.

With these assumptions the numerator 8yi of R^ follows a Poisson distri-
bution. The denominator &xi is a linear function of independent Poisson
variates, and numerator and denominator are independent of one another.
The exact distribution of a ratio of this type has not been worked out. Two
approximate methods of obtaining confidence limits for the true mortality
ratio R^ will be given.  Confidence limits are presented rather than the
standard error of R^ because the distribution of R^ is skew when the numbers
of deaths are moderate or small, so that the standard error is harder to
interpret.

The Binomial Approximation

If the A, can be regarded as approximately constant (=A, say) then R^

becomes of the form Y/XX,  where y and x are independent Poisson variates.
Since lx then represents the expected number of deaths of the smokers,
the quantity h is estimated as the ratio of the expected number of smoker
deaths to the number of non-smoker deaths.

By a well-known result it follows that x/(y +x) , the ratio of non-smoker
deaths to smoker plus non-smoker deaths, is distributed as a binomial
proportion with

where R is the true mortality ratio. Confidence limits for R are found from
those for p.
Example. For the study of men in 25 States, the figures for lung cancer
for cigar and pipe smokers are as follows:

Hence, h=9.71,/16=0.607  and the binomial ratio is 16/31=0.516. Hald’s
(9) table of the 95 percent two-tailed confidence limits of the binomial
distribution gives 0.331 and 0.698 as the confidence limits for p. Those
for R are given by the relation

This yields 0.7 and 3.3 as the 95 percent limits for R. Since the lower limit,
0.7, is less than unity, the estimated R^, 1.5, is not significantly above unity.
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Unfortunately the assumption that A, is constant is not true in these studies.
For instance, in the study of men in 25 States A, has the value 3.85 for
cigarette smokers aged 45-49 and declines steadily with increasing age to
a value of 0.96 for men aged 75-79. For cigar and pipe smokers the
fluctuation in yi with age is less drastic but is still noticeable.

The Normal Approximation

This approach avoids the assumption that the A, are constant, but makes
other assumptions that are shaky with small numbers of deaths. If R is the
true mortality ratio, the quantity

y - R e

where e=8hixl  is the expected number of smoker deaths, will follow a
distribution that has mean zero. If µi, mi, denote the true means of yi and
xi, respectively, the variance of (y-Re) is

The basis of this approximation is to regard the quantity

as normally distributed with zero mean, since yi and xi are regarded, as
previously, as independent Poisson variates. The 95 percent confidence
limits for R are then obtained, by a standard device, by setting the absolute
value of this quantity equal to 1.96 and solving the resulting quadratic
equation for R.

Since the µi and the mi are unknown, a further approximation is to
substitute y as an estimate of Sp, and ZhTx,  as an estimate of XX@,.

Example. For the example previously discussed the data are as follows:

On squaring (2), the quadratic equation becomes

The roots are found to be 0.7 and 3.4, in good agreement with the limits
0.7 and 3.3 given by the binomial approximation. This agreement is better
than will usually be found with small numbers of deaths.

The following are 4 comparisons of the confidence limits for cigarette
smokers in the same study.
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The lower confidence limits agree well, but the upper limit runs higher
for the normal approximation. For cigarette smokers the normal method
is perhaps more accurate. The binomial method has some advantage in
simplicity.
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