
TITLE

Stat:@-cticalAnalysis of Mortality Rates of Cigarette, Pipe,

and Ciaar S:.nokers

AUTHORS

J.A. E. Bell N@iASc., PhD. . Senior Pesearcli Eng.

Internati,)iia','l.'ice-lelConipany of Canacia, Liii-iitecl,J. Roy

Gordon Res@arcii Laboi-a'.ory,Clarlcson, Ontario.

D. IJ Laiiig Senior Technologist, University of

Tororto, I)eoartn-.eiitof Metallurc.ryand N,,atcrialScience,

Toronto, 0,-.tario.

ACKNOWLE:DG'AENTS

Non e

CZ)

-@j

BATCO document for Province of BritiShColumbia 5 November 1999

BATCO 00092583



J.A. E. Bell, PhD D. H. Laing

ABSTRACT

Statisticalanalysis of recent data oi-itlicmortality rates

of pipe, cigar and cigarettesmolcers sliowedthat the mortalityratio

of si-nolccrscould be best described in tern-isof the dose rate (voluii-ie

of s-iiokeper day), length ofexposure and toxicityofthe smolce. When

the toxicityof ciaarettesmoke was defined as one, the toxicityof pipe

smoke %,.,asfound to be 0.07 11 and of cigar smoke 0.28 13. The

hypothesis thatthe toxicityof the smoke is controlledby the combus-

tioncoiditioiisduring pyrolysisof the tob,-.ccois sliown,for ih,-first

time, to be the only reasonable explanationfor this differencein

toxicity.
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StatisticalAnalysis of Mortality Rates of Cigarette, Pipe, and Ciizar

St-nolcers

Introductioii

A proper correlation between the mortality rates of cigarette,

pipe, and cigar sz-nokersas a fiinctionof the three exposure variaL-Ics,

amount smol@ed, depth of inhalition, and age at %%iiichsi-i-iokingstarted,

has not been carried o-ut. The purpose of this investigationis to develop

the statistical"best fit"equations relating the mortality ratio and the

exposure variables. Such an analysis permits a comparison between

the toxicityof smoke from cigars, pipes, and cigarettes. In addition,

the possibilityof explaining the mortality ratios in terms of a more con-

ventional dose rate and leng'thof exposure concept is investigated. The

developi-nentof these equations allows, for the firsttir,-ie,evaluation of

hypotheses concerning the reason for the lower mortality ratios of pipe

and cigar smckers compared to cigarette smokers.

Calculations

For a proper investigationthe mortality rate should be tab-

ulated as a function of two of the exposure variables at every level of

the third variable. For instance, the mortality rate of cigarette

smokers as a function of the number of ciaarettes smoked per day and

the depth of inhalation should be shown for every acyc of started srnoiz-
e--*)

ing for a given aee group i.e. 40 to 69 years.

L-ri
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However, the mortality rates (1).(2), (3)and (4)have not been

so tabulated. Table 3 reference (3)shows the mortality of cigarette

smokers as a function of the depth of inhalation and the amount smoked at

the average age of starting to smoke (19 years). From this table the best

fitequation of the mortality ratio (easilycalculated from the mortality

rate) can be found by multinomial regression.

To convert the depth of inhalationwhich 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 filterwas

measured when ten male subjects were requested to give the above depths

of inhalationten times. The rounded offratios (compared to the av erage)

were; none - 0. 54, slight - 0.80, moderate - 1.00 (average smoker) and

deep - 1.25. Itshould be noted that itis physically impossible to inhale

more deeply without taking a larger volume of smoke into the body. While

itcan 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 inhalation groups. In addition the re-

lationshipsderived below are valid for any reasonable assumption of the

relativevalues. The standardized value used in all smoking machines is

35 cc which corresponds to the average cigarette smoker (2). The puff

volume for any inhalation is calculated by multiplying the above ratio times

35 cc.
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Thus the best fitmultinomial equation relatingthe

mortalityratio* (MR), to the number of cigarettessmoked per

day (NC), and the depth of inhalation(DR) at the average age of

startingto smoke for men aged 40 to 69 was found to be:

MR = 0.983 + 0.028(NC) + 0.0155(DR) - 0.00031(NC)2 -+0.11 (1)

where 0.11 is the standard error. Each of theabove terms is

significantat the 99% confidcnce level. The multiple correlation

coefficientof thisequationis 0.97 (a perfectcorrelationis l.0)

and the F value for analysis of variance is 86.

While equation(1)is the bestfitequationfor thisdata

itdoes not have a physical interpretation.A more meaniful method

ofanalyzing the resultswould be to postulatethatthe mortality

ratewas proportionalto the "dose rate" of the smoke. Thus for

cigarettesmokers the dailydose rate would correspond to the number

of cigarettesper day multipliedby the number of puffsper cigarette,

multipliedby the volume inhaledper puffor; in other words, the

volume of smoke inhaledper day. Analysis of the data in Table 3

reference (3)for male smokers aged iO to 69 indicatesthe bestfit

equationis of the form:

MR = 1.01 + 0.95 (Dose Rate x 10-4 113
+ 0.13

where Dose Rate = (NC) x 12 x (DR) cc Smoke/Day. The

multiplecorrelation coefficientforthisrelationshipis0.96, the

mortality ratio is theratio ofdeath rates of smokers tonon-

smokers in the same age group.

BATCO document forProvinceofBritiShColumbia 5 November 1999

BATCO 00092587



-4

1/3
dependence with (dose rate) is significantat a confidence levelof over

99.99%, and F value for analysis ofvariance is 105. Three extradata

pointsfor allthe cigarette smoking relationshipsat MR = 1.0,DR = 0,

NC = 0, were added as itis the best known pointand represents the zero

value for e,-.chvariable. Thus expressing the mortality ratioas a func-

tionofthe dose rate gives as good a fitto the data as the best multin-

omial equation.

As mentioned a proper multinoi-nialregression on al'ithree ex-

posure variables is not possible because the information isnot tabulated

ina convenientform. However, the mortality rates are expressed as a

functionofthe three variables when the other two are averaged (1),(2)

and (3). A multinomial regression on thisgrouped data is thuspossible.

Ifa comparison between smokers ofciaars, pipes, and cicrare-"-esis to

be made, itis necessary to consider the mortality of men over -i_:-)years

of age in order to have enough observations in each grouped da'L,---point.

However, the mortality rates have not been summarized in thisage group

in any of thereference works. The mortalityrates were thus calculated

from tablespresented in reference (2)in theage group 45 - 65 as th:is

group contains a higher number of excess deaths from smoking than an

older groLi:).

.The mortality rates were normalized on the standar--2population

distribution(Table 1, Appendix of reference (2))as was done ir.thatwork. Ln

The avarace values for amount smoked, age started smoking ard depth of

c7N
inhalation;vereaveragcd from the appropriatetables in (2)ovc:-the 45 to
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65 age gro,.io.The mortality ratioas a functionof the amount smo'-ed, depth

of inl-ialaticii,aiidace started sn-iokiiiafor cigarette,pipe and cigar smokers

are showiiin Table I for the acycgroup 45 to 65.

The best fitequations v/ei-efound to be:

Mal(!Ci7,pretteSjiiokcrsOnly Aized (45 - 65

2 2 +
MR = 3. 18 0156(NC) 134(AS) + .00017(AS) + .00033(DR) 0 8'7 (3)

multiplecorrelationcoeff. = .99 F = 126.5

where AS = age st--rtedsmokin-.

Male Cigare,--te+ Ciaar + Pipe Synokc-.rs:--Aged (45 - 65

MR = 2.05 0 101 (NC) 113(AS) + .027(DR) + .00023(NC)
2
+ .00171(AS)z

.096 (4)

multiplecorrelationcoeff. = .98 F = 60.5

T'r,ecorrespond;-nabest fitdose rate equations are:0

Male Cigare,teSi-nokersOnly Aaed (45 - 65)

-
4 1/3 +

MR = .93 -1.031(NC x 12 x DR x 10 ) x (55-AS) -
.
13 (5)

where NC x 12 x DR = dose rate = volume smoke/day

multiplecorrelationcoeff. 97 F = Z07.

Male CigarettePlus Pipe and Cigar Smokers Aged (45 - 65)

MR = .92 + .026 ((NC)x 12 x (DR) x 10-
4
)
1/3

x (55-AS) + .19 (6)

multiplecorrelationcoeff. 9 1 F = 66.

F3r pipe and cigar smokers there are not enough data

pointsto evaL,..atethe best fitn-itiltinoniialequations so only the

mortality ra:ioas a function ofthe dose rate equations can be cal-

classifi-.,dby nliti-iberof cigarettes srnol,-cclper dcy
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culated. No data is available for the age started smoking for pipe

and cigar smokers.

Male Pipe Smokers Only Aged (45 - 65)

MR = 1.OZ + 0. 16 (7)

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

Cigar Smol@ers Only Aged (45 - 65)

MR = .82 + .208 (NCIG x 60xDR x 10-
3
)
1/3 +

.13 (8)

where NCIG = number of ciaars per day

multiple correlation coeff. =0. 7 F = 1.82.

The average number of puffs per cigar is 60 and for pipes 90.

Discussion

An excellent correlation (correlationcoefficient 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 found 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.

Ifthe mortality ratio of men who smoke cigars and pipes

in addition to cigarettes is compared to that of men who smoke only

cigarettes by utilizationof the respective best fitequations (3)and

C=)
(4),an important conclusion can be drawn. The best value of the

mortality ratio for male cigarette smokers aged 45 to 65 at 24 cigarettes
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per da,.,an inhalationvolume of35 cc, and an age of started smoking

of 19, --s2.00 087, while the corresponding value for cigarette

plus c'-alarand pipe smokers is 1.80 .096. Thus one of thetwo

followi=gconclusions can be made depending whether the smokers

smoke--:cigars and pipes concurrently with cigarettesor at some

time s-.vitchedmode of smoking:

(a) Cicar and pipe smoking in addition to cigarettesmoking

produces a significantlowering ofthe mortality ratioof the smoker,-

or:

Cigar and pipe smoking did not induce mortality as read-

ilyas ciaarettesmoking over the period when those devices were

smoke-"'.

The most important conclusion is derived from the analysis

of pipe smokin-; namely, pipe smoking is not dangerous to health and

there isno correlation between the dose rate or exposure and the mor-

talityratio. Cigar smoke is only slightlytoxic and the relationshipbetween

the mortalityratio and the dose rate is not highly significant.

The lower mortality ratioof pipe and cigar smokers compared

to cigarettesmokers is oftenlinkedto a lower volume of inhalation.For

exam=le; 70% of pipe smokers (45to 65 years) inhaleonly approximately

19 cc jer puff,800/oof cigar smokers inhale only 19 cc per puff,while the

averaze cigarettesmoker inhalesapproximately 35 cc per puff (see
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Table 1. %,-nenconverted,in terms of dose rates the average dailydose

of these thrc-emodes of s@-nokin,,are: cigarette - 12,000 cc/day, pipe -

15,000 cc/d:--y,cigar - 4,000 cc/day. Calculation of the mortalityratio

from equations(5,7,8) at equivalentdose rates clearly indicate,at a

confidencelevel of better than 99.901o,thatthe lower mortality ratiooil

pipe and cig=-rsmokers cannot primarily be caused by a smaller depthot

inhalationor dose i-ate.No data isavailablefor the age started sinoking

of pipeand zi-.carsmokers so the effectof this variable cannot be check-

ed. However, even ifthe average age of startingto smoke cigarettes

was 24 years instead of 19 years the same conclusion would result.

A-more fundamental way of expressing the data isto calculate

the relative6oxicityof pipe and cigar smoke cornpared to cigarettesmoke.

Ifthetoxici--yof the smoke is defined by the equation:

MORTALIT--;'RATIO (MR) = a + b (TOXICITY) (DOSE RATE) 1/3

x (LENGTH OF EXPOSURE)

then the rel@-tivetoxicityof pipe and cigar smoke can be easilycalculated

from a corr.-jarisonof the respective mortality ratio versus dose rate

equation(5,7,8).

Let the toxicityof cigarettesmoke be 1.0; then the mortality

ratiofor allniale smokers aged 45 to 65 is expressed by the equation:
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MR =0.93 +0.031(TOXICI.-y)(cC SMOKE/DAY ,c10-4 1/3 x

(55 - AS) (9)

where AS is the age stai-tedsmoking.

Comparison of eqn. (9)with eqn. (7)and (8)yields

the followinc,to:@icityvalues.

DEVICE SMOKED TOXICITY OF SMOKE

CIGARETTE 1.0 .07 (Defined)

CIGAR .28
+

.13

PIPE .07 .11

Placing the appropriate toxicityvalue in equation (9)allows the

calculationof the mortality ratio of a male smoker ages 45 to 65

for any smoking device.

Conclusions

The mortality ratioof cigarettesmokers ishighly

correlated(multiplecorrelationcoefficient= .97) to the dose

rate ofthe smoke (volume of smoke inhaled per day) and the

lengthof exposure to the dose. The increase in mortality ratio

with dose rate islarge for cigarettesmokers and represents a

doubling of the death rate of male smokers from 45 to 65 at

average dose rates.

The mortality ratio of pipe smokers isindependent

of the dose rate ofthe smoker.

C)D
4
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The mortalityratioof cigar smokers is correlated

to the dose rate of the smoke but the increase in mortality with

dose rate is not large.

The mortality ratio of cigarette smokers who also

smoke pipes and cicars is significantlylo%ver than smokers who

smoke only cigarettes at the same cigarette smoke dose rate

and length of exposure.

The lower mortality ratio of pipe and cigar smokers

compared to cigarette smokers cannot be explained by a differ-

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

smoking.

Ifthe relativetoxicityof smoke from a cigarette is

+
defined as 1.0 then the toxicityof pipe smoke is 0.07 - .11 and

cigar smoke .28 '!'.13. No factors mentioned in current re-

ports on smoking and health (1),(2), (3)and (4)can satisfactorily

account for the lower toxicityof pipe and cigar smoke. The only

hypothesis which might satisfactorilyexplain the smoke toxicity

differences is a difference in smoke composition produced by

differentcombustion conditions in the pipe, cigar and cigarette.

The combustion of tobacco is a complex process CD
c:@l

involving both destructive distillationand oxidation reactions.

Two major pliasesare present in the smoke - a gaseous phase

cc

BATCO document forProvinceofBritiShColumbia 5 November 1999

BATCO 00092594



and a liquidparticulatephase. From thermodynamiwd kinetic

considerationsitis well known thatthe time - temperature re-

lationshipswhich existduring the combustion are the important

variables governing the composition of both the particulateand

gaseous phases. Tests were undertaken to see ifdifferencesin

the time - temperature relationshipin the combustion oftobacco

ina cigarette,pipe, and cigar did occur and ifthe smoke from

these devices was different.

Results ofpreliminary tests indicatefor instancethat

the velocitiesof the burning interfacesare for cigarettes,cigars

and pipes 1.9, 1.1, and 0.25 in/min respectively, and the tar

contenton a relativeper puffbasis is 100, 45, and 8 respectively.

These results indicateindisputablythat there are differencesi.n

both the time - temperature relationshipduring combustion and in

theproducts of the combustion. A detaileddescriptionof a more

complete investigationwill be the basis ofa future communication.

The hypothesis that the differencesin ttiecombustion

conditionsofthe pipe, cigar and cigaretteare responsiblefor

theirdifferenteffecton mortality, has not received the widespresd

attentionitwould appear to merit and thisfact is somewhat disturbing.

co
4
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TAB LE I

MortalityRatios For American Malcs Ages 45 to 65 As A Function Of Amount

Smoked, Depth of inhalatiqn,Aee Started Smoking And Smoking Device

Mode ofSmoking Mortality Avera
'g@'
e Number Of Draw Age Of Starting

Ratio CiLarettes Per Dav Volume To Smoke

Cigarettes 01-ily 1.64 5 35 19

2.04 15 35 19

2.18 30 35 19

2.44 50 35 19

1.74 28 19 19

2.05 28 27 19

2.14 28 35 19

2.36 28 44 19

1.35 28 35 33

1.77 28 35 27
1.86 28 35 22

Z. 24 28 35 17

2. 56 28 35 13

Cigarettes Pliis 1.50 5 34 19

Other 1.65 15 34 19

1.86 30 34 19

2.54 50 34 19

1.43 24 19 19

1.72 24 28 19

1.81 24 35 19

2. 10 24 44 19

1.66 24 34 33
1.37 24 34 27

1.62 24 34 22
1.84 24 34 17
2.24 24 34 13

Number of Cigars Or
Pipe Fulls Per Day _

Cigar 1.09 2 20 20
1.03 7 20 20

1.02 3 19 20

1.28 3 28 20

Pipe 1.08 5 21. 5 20
.92 13 21. 5 20
.98 8 19 20

1.21 8 IZ8 20 cc
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