ADnendix

Statisiica: Analvsis of Mortality Rates of Cicarette, Pine and Cicar

Smokers

A provper correlation between the mortality rates of
cigaretrte, pipe, anc cigar smokers as < function of ihe itnree
exposure variables, amount smoked, depth of inhalation, and
age at which smoking started, has not been carried out. The
purpose of tais appencix is to develop the best it ‘equations
relating the mortality ratio and the exposure variables. Such
an analysis permits a comparison between the toxicity of smoke
irom cigars, pipes and cigarettes. In additionythe possibility
of explaining the mortality ratios in terms of a more conventional
dose rate and length of exposure concept is investigated.

For a proper investigation the mortality rate should
be tabulaied as 2 function of two of the exposure variables at
every level of the third variable. For ins:anceythe mortality rate’
of cigarette smokers as a function of the number of cigarettesA
smokec per cay and the depth of inhalation should be shown for
every age of started smoking for a given age group i.e. 40 to 69 vears.

However, the mortality rates (1), (2): (3) and (4) have
not been so tabulated. Table 3 reference (3) showé the mortality
of cigarette smokers as a function of tne depth of inhalation and

the amount smoxed at the average age of starting to smoke (19 years).
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From this table tihe best fiv cquation of the mortality ratio (casily

caleulated froin the mortality rate) can be found by multinomial

To convert the depth of inhalation which is expressed by
{1), (2), (3) and (4) as none, slight, moderate, or deep, to a more

-

mathematical form; the volume of air inhaled by smoking through a
cigarette filter was measured wnen ten male subjects were requested
to give the above depths of inhalation ten times. The rounded oif
average values were; none - 14 cc, slight-20cc, moderate-26cc,
anc deep-33cc. It should be noted that it is physically impossible
to inhale deeper without taking a larger volume of smoke intc the
body. While it can be argued that these values do not represent
the population,they are almost certainly more representative than
the subjective classification by smokers into one of four depth of
innalation groups.

Thus the best {it multinomial equation relating the_
mortality ratio¥* (MR}, to the number of cigarettes smoked per
day (NC), and the depth of inhalation (DR) at the average age of
starting to smoke for men aged 40 to 69 was found to be:
MR = .9383 + .028(NC) + .0209(DR) - .'0003}(NC)2 Tl
where . 11 is the standard error.

rortaiity ratio is the ratio of death rates of smokers to

non-smokers in the same age group.
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ZTach of the above terms is significant at the 39% confidence level.
The multiple correlation coeificient of this equation is . 97(a perfect
correlation is 1.0) and the ¥ value for analysis of variance is 86,

While equaticn (1) is the best it equation for tnis cata
it coes not have a physical interoretation. A more meaniful
metnod of analyzing the results would be to postulate that the
mortality rate was proporiional io the 'dose rate" ‘of-t‘ne smoxe.
Thus for cigarette smokers the cdaily dose rate would corresponc
to the number of cigareties per day times the number of pufis per
cigarette times the volume inhaled per pufi or,in other words,the
volume of srmokxe inhaled per day. Analysis of the cata in Table 3
reference (3) for male smokers aged 30 to 69 indicates the best
fit equation is of the form:

MR = 1.0l + .983(Dose Rate x 10 5 !/3 7T

.13 (2)
where Dose Rate = (NC) x 15 x (DR) = ccSmoke/Day. The

multiple correlation coefficient for this relationship is .96, the

depencence with (dose rate)l /3 is significant at a confidence .evel

over 99.99%, and F value for analysis of variance is 105. Three

extra data points for all the cigarette smoking relationships at

MR = 1.0, DR = 0, NC = 0, were added as it-is the best known

point and represents the zero value for each variable. Thus

expressing the mortality ratio as a function of the dose rate gives

as good a {it to the data as the best fit multinomial equation.
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As mentioned a proper muliinomial regression on all
three exposure variables is not possible because the information
is not tabulated in a convenient iorm. However, the morzality
rates are expressec as a function of the three variables when the
otner two are average< (1}, (2) and (3). A multinomial regression
on this groupec cata is thus possible. I a comparison between
smokers of cigars, pipes and cigarettes is to be made,it is
necessary to consider the mortality ol men over 45 years of age
in orcer to nave enough observations in each groupecd data point.
Thne moriality rates were calculated from tables presented in
reierence (2) in the age group 45 - 03 as this group contains a
higher number ol excess deaths from smoking than an older group.
’l"r;e mortality rates were normalized on the standarc pop-
ulation distribution {Table 1, Appendix of reference (2)) as was done
in that work. The average values for amount smoked, age started
smoking and cepth of inhalation were averagecd irom the appropriate
tables in (2) over the 45 to 635 age group.
The best fit eguations were found to be:

Male Cigarette Smokers Only Aged (25 - 63)

-

MR = 3.18 ~ .0156(NC)*~ . 134(AS) - .00017(AST® + .00059(DR)% T .087  (3)

multiple correlation coeff. = .99 F = 126.5
wnere AS = age started smoking.
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Male Cicaretie - Ciaar + Pipe Smokers®  faecd (45 - 63)
MR = 2.05 + .0l0I(NC) - .113{AS) + .03c3(DR) + .00023(.\’(:)'2

+ .00171(AS)2 T .096 (+)
multiple correlation coeff. = .98 F = 60.5

The corresponding best {it dose rate equations are:

Male Cigarette Smokers Onlv  Agec <5 - €53

-2 1/3 -
MR = .93 - .032(NC x 13 x DR x 10 ) B (55 - AS) - .13 (3)

dose rate = volume smoke/day

"

where NC x 15 x DR

muliiple correlation coeff. = .97 F = 207.
Male Cigareste Plus Pipe and Cigar Smokers Aced (45 - 65)

-4 1/3
MR = .92 + .0272 {((NC) x 15 x (DR) x 10 4) x {55 - AS)

+ .19 (6)
multiple correlation coeff. = .91 F = b6.
For pipe and cigar smokers there are not enogg‘n data points
to evaluate the best fit muliinomial equations so only the mortality
ratio as a function of the dose rate equations can be calculated. No
cata is available ior the age started smoking for pipe and cigar smokers.

Male Pipe Smokers Only Aged(45 - 63)

MR = 1.02 I .16 (7)

multiple correlation coeff. = .08 F = .01. ~

#classified by number of cigarettes smoked per day.
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Cizar Smoacrs Onlv Aved (45 - 65)
) i -3.1/3 -
MR = .82 + .203(NCIG x 60 x DR x 10 ) . .13 (8)
where NCIG = number of cigars per day
multiple corrclation coeff. = .7 F = 1.82.

The average number of pufis per cigar is 60 and for pipes 90 as
snown in Table (1) of this report.
Discu.;sion

An excellent correliation {correlation coefricient = . 99)
relating the mortality ratio of cigarette smokers and the exposure
variables of amount smoked, depth or volume of inhalation, and age
started smoking, has been Joun< by multinomial regression. The
mortality ratio is linearly related to the dose rate (volume of smoke
per day) to the one third power times the average length of exposure
to the smoke.

If the mortality ratio of men who smoke cigars and pipes
in acdcdition to cigarettes is compared to that of men who smoke only
cigarettes by utilization of the respective best fit equations (3) and (4) N
an important conclusion can be drawn. The best value of the
mortality ratio Zor male cigarette smokers aged 45 to 63 at 24
cigarettes per day, an inhalation volume of 25 ccT and an age of
startec smoking of 19, is 2.00 N . 087 while the correspopding ,

. . . . +
value for cigarette plus cigar and pipe smokers is 1.80 _

. 096.
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Thus one of the two fullowing conclusions can be made depending
witcther the smiokers snioked cigars and pipes concurrently with
cigarcttes or at some time, switched mode of smoking:

Cigar and pipe smoking in addition to cigarette smoking
procuces a significant lowering of the mortality ratio of the smoker;
or:

Cigar and pipe smoking did not induce mor:ality as
readily as cigarette smoking over the period when those devices
were srmoxec.

The most important conclusion is derived from the
analysis of nipe smoking; namely, pipe smoking is not cdangerous
to health anc there is no correlation between the dose rate or
exposure anc the mortality ratio. Cigar smoke is only slightly
toxic and the relationship between the mortality ratio and the
dose rate is not aighly significant.

The lower mortality ratio of pipe and cigar smokers
compared to cigarette smokers is often linked to a lower volume
of inhalation. For example; 70% of pipe smokers (45 to 65 years)
inhale only approximately 14 cc per puff, 80% of cigar smokers
inhale only 14 cc per puff, while the average ciga‘rc_-:tte smoker

inhales approximately 25 cc per pufi (see appendix of reference (2)).

When converted in terms of dose rates the average daily dose of

LL998000]

BATCo document for Province of British Columbia 14 April 1999

BATCO 00112234



diese three modes of smoking are:  cigarette - 11,000 ce/day,

igar ~ 3,000 cc/day. Calculation of the

[¢)

oipe - 11, 300 cc/cay,
mortality ratio irom equations (3, 7, 8) at eguivalent dose rates

learly indicate at a coniidence level of better than 99. 9% that

(4]

the lower mortality ratio ol pipe and cigar smokers cannot be
primarily be caused by a small depth of inhalation or dose rate.
No cdata is available for the age started smoking of pipe and
cigar smokers so the efiect of this variable cannot be checked.
However, even if the average age of cigarette smoker was 24
years instead of 1Y years the same conclusion would result.

A more fundamental way of expressing the data is
to calculate the relative toxicity of pipe and cigar smoke compared
to cigarette smoxe. [ the toxicity of the smoke is defined by the
equation:

1/3

MORTALITY RATIO(MR) = a + b (TOXICITY) (DOSE RATE)

x (LENGTH OF EXPOSURE)
then the relative toxicity of pipe and cigar smoke can be easily
calculated irom a comparison of the respective mortality ratio
versus cose rate equation (5,7, 8).

Let the toxicity of cigarette smoke be” 1 O;then the

mortality ratio for all male smokers aged 45 to 65 is expressed

by the ecuation:
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MR = .95 - .032(TOXICITY)(CC SMOKE/DAY x 1077 /%
{35 - AS) ()

wiere AS is e age started smoking.
Comparison of egn. (9) with ean. (7) and (8) yielcs

the foilowing toxicity values.

DEVICE SMOKED TOXICITY OF SMOXE
CIGARETTE 1.0 . .07 (Defineq)
CIGAR 28 I .13

PIPE , 07 - .11

Placing the appropriate toxicity value in equation (9) allows the
calculation of the mortality ratic of a male smoker ages 45 to 65
f{or any smoking device.
Conclusions

The mortaiity ratio of cigarette smokers is 'nig"r.‘.y
correlated (multiple correlation coefficient = .97) to the cose
rate of the smoke (voiume oi smoxe inhaled per day) and the
length of exposure to the dose. The increase in mortality ratio
with dose rate is large for cigarette smokers and represents a
coubling of the death rate of male smokers from 435 to 65 a:
average dose rates. -

The mortality ratio of pipe smokers is independent

of the dose rate of the smoker.
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Tae mortality ratio of cigar smokers is correlated
1o thie dose rate o the smoke but the increase in mortality with
dose rate is not large.

Tne mortality ratio of cigarette smokers who also

smoke pipes anc cigars 1s significantly lower than smokers who

smoxe only cigaraettes at tne same cigarette smoke dose rate
and length oI exposure.
The lower mortality ratio of pipe and cigar smokers

compared to cigarette smokers cannot be explained by a diifer-

ence in amount smoked, depth of inhalation, or age started

smoking.
I the relative toxicity of smoke from a cigarette
is cefined as 1.0 then the toxicity of pipe smoke is 0.07 _ .11

anc cigar smoxe .28 _ .13. No factors mentioned in current
reports on smoking and health (1), (2), (3) and (4) can satis-
factorily account for the lower toxicity of pipe and cigar smoke.
The oaly hypothesis which might satisfactorily explain the smok
toxicity difierences is a difference in smoke composition
produced by different combustion conditions in the pipe, cigar
anc cizarette. It is somewhat disturbing that this hypothesis has

not apparently, received the widespreac attention which it would

appear to merit.
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The relationship between_the coloured Hydrocarbons yielded per puff
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