
Stzit-is*,icz,:A,-,alv-sso@ '\IorLalilvPatc6 of Ci,,,arette,PiT)c and Ciczr

S-i-ioILI-,crs

A correlation between the mortality rates of

cigarette, pipe, and ci..r,,arsrnokers as .@.-.u.-ict,'Loriof Litt::inree

ex-posu:-evar-Aables, arnou-.itsinoke6, depth of inhalat-'-on,and

a,,;eat wh-.cn started, has not bee,-,carried out.
-
The

purpose of t*-,-*Isz,-)oendi.%is to develop the best f;.tequations

-eiatinc,tie -ro.-zalityratio and t.,ieexdosi,-revariab-es. Suc'.l

a.-.analys-.s perrn-*,tsa carrt)a,-:.sonbetween t"-.etoxicity of srroke

ci,,ars,p4.?esand ci-arettes. In addition the possibility

ol exr)lainin-t.-Lernortality rat,,Losin terms of a more conventional

dose rate and le-iathof ex-oosure concept is investicated.

-7or a t)rcder investicyationthe mortality :-ateshculd

be tabulazed as a. o--*two of the exposure variables at

every !eve. of tae th-.rdvar'.able. For instance
)
the rro.-tality-ate

of ci,,arettes=,o'--Iersas a function o-Ithe nun-.oerof C4m -garettes

sn-.oked per day and the depth of inhalation sl-louldbe shov.,.nfor

every a,,eof stzrted smokina for a -iven a,-e a.-oup i.e. 40 to 69 years."> el o r>

However, the mortality rates (1),(2), (3)and (4,have

not been so tabulated. Table 3 reference (3)shows the mortality

of ciea,-ettesmokers as a function of ti-iedepth of inhalation and0

the a.-nountsm.oked at the average age of starting to smoke (19 years).
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Fro,-:i tablc ti-obest fitc:quationof the mortality -atio (cas:l',y

calculai;ed -@roi-nthe mor-,all@y -,-ate)can be foun6 by rnultirornia.1

re

To convert t,iedepth o-.'inhalation which is ex?ressc--d by

(1), (Z), (3)and (4)as none, sli@-ht,moderate, or deeo, to a r--iore

r:-athen-.aticalform; the volume of air inhaled by s,-nokin,-, a

cir,arette--^ilterwas -r-easured when ten male subjects were requested

to ,ive the above dept',isof inhalation ten times. The rounded o-@'--'

avera-e values were; none - 14 cc, slicht - 20 cc, moderate - 2'0cc,

and deep - 33 cc. It should be noted that it is physically impossible

to 4.nlialedeeper without taking a lar-er volume of smoke into the

body. While itcan be arcued that these values do not represent

'L'neDor)ulat-*Iontheyare almost certainly r-.iorerepresentat,.ve than

the subjective class ificatio-.iby smokers into one of four depth of

.,iaa'*a'ion-roups.

Thus the best mult;-nornial equation relatincythe

mortality ratio:@'-(.V-R),to th,@-number of cigarettes smoked per

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

star*14.ngto smoke 'or men acred 40 to '09was found to be:

+
NLR .983 + .028(NC) + .0209(DR) - .000-31(NC) 11 (1)

Wl.cre 11 is the standard error.

rnorta@,ityratio is the ratio of dea6h rates of smokers to

non-srr-okcrs in the same aae aroup. CD
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-3-

z' 'jovctei-,-nsis s',zr,:-@:cantat t.,io99% confidence level.Z-a,:,-.o-Iii@@a

.c correlation coc--'.::.c4-entof this eq-,iationis -97(a perfect

correlation is 1.0) and the ---va'.ue!or analysis of variance is 86.

While equation (1)is the best --itecuation for this data.

i.tdoes not have a physical -.ntez-ore-@ation.A rnore rrean;-ful

n-,et@.c>dof analyzinr, the results would be to Dostulate that the

.-r.ortality-ate was proporz:.ona'--lothe "dose rate" of the s.---ioke.

',r@,usfor ci(,arettesn-o'l\-erst'-Iedaily dose rate would correspond

to t.-ienu-nber of cizarettes ue:-day ti,-nest-ienur.-iberof :)LLffsider

ci-arette ti-.nesthe volurne inhaled per puff or,4.notner words,,the

vo'@.u.-.neof srnoke inhaled per day. Analysis of triedata in Table 3

re.ere,ice(3)for -nalesrnokersa-ec:40 to 69 indicatesthe best

fitequation is of the for.-n:

-4 1/3 +
-%@IR 1.01 1-' .983 (Dose 1.@,ate x 10 13 (2)

where Dose Rate = ('-\'C)x '@5x (DR) ccS-noke/Day. The

r:-.-,iltip'.ecorrelation coe-@'fic@.ert-.orthisrelationshipis.96,the

de:)e-idencewith (dose rate)
1/3

4.ssic7nificantat a cordidence '@evel

over 99.990/'0,and F value for analysis of variance is 105. Taree

extra data pointsfor allthe cirarettesmokina relationshipsat

.\4R = 1-0. DR = 0, NC = 0, were added as it-isthe best known

pointand represents the zero value for each variable. Thus

exoressing the nortali.,yratioas a functionofthe dose rate crives

as good a !ittothe data as the bestfitrrultinornialequation.
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J.re-resbion on a'-lAs :-:-ioiiionec;a propc-,- 0

t'l-Iree ,-a,-iablesi-sno@ possible because the inforrnat-'.On

is not tztbula',c-,7-'@na convenient form. However, the rrorlality

rates are exo,-essecias a function o-.ft@iethree variables when the

(2)and (3). A mult-'ornialrecyressionot.ie,,-two are avera-,e,-@(1). n 0

an this grounecidata is thus possible. 1,:a comoar;.sor, between

s-.r.okersof ci-ars, Dioes and c;,carettesis to be rnade itis

necessary to consider the -nortalityo:men over 45 years of ace

i-iorc:er to have enoual.-iobservat,.ons @.-ieach croupe(2 data point.

The rnorzal-*.Zyrates were calculated from tables presented in

reierence (2)-*.nthe age -roup -':5- 65 as this group contains a

hi-her rurrber of excess deaths from srnokin- than ar.older croup.

T.-iemortality rates were normalized on the standar6 pop-

ulat-'@ondist.-@-but;.on(Table 1, A?pendix of reference (2))as was done

-valuesfor amount s.-roked.ace started@.ithat work. The average

s.-nok-'@-i-Iand depth of inhalation were averaged -from the appropriate

tables in (2)over the 43 to 63 ac7ecyroup.

The best fitequations were found to be:

Male Ciearetre Smokers Only ALed (45 - 65)

+
MR = 3.18 -..0156(NC)- 134(AS) ?-.00017(AST + 00059 (DR) 087 (3)

--jultiplecorrelationcoef. .99 F 126. 5

w'.-iereAS age started smoking.
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Pipe (45 - 65)

"v'P I'@3(AS)Z. 0 5 010'(.\C) .03@3(DR) + .00023(@'C)

00 17 1(AS) 096

i-nultiplecorrelation coefl-7. .98 F 60. 5

'lhecorrespondin- best A-itdose rate equations are:

.\Ia'leCic!aretteS-nokers Onlv ed 4 5 - 6

.%I@R= .93 @ .032(\C x 13 x DR x io-
4
)
1/3

x (55 - AS) 13 (3)

,,,,here*\C x 15 x DR dose rate = volume srnoke/day

rnul-.io'.ecorrelationcoei.. = .97 F = Z07.

-\'-aleCiLa---e-.@'ePl,,.zsPir)e and Ci,-a:-Smokers -A.Zed(45 - 65@

-MP, = .92 .0272 (('@\-C)x 15 x (DR) x 10-
4
)
1/3

x (55 - AS)

+ .19 (6)

66..nultipl.ecorre'at4.oncoe4-*f.= .91

For oipe and ci-ar smokers there are not enouch data points

to evaluate the best -@'-,trnult;.nor.-,ialequations so only the mortality

ratio as a funct@.ono4-'the dose rate equations can be calculated. No

data is availlab*-e-@:orthe age started smoking ior pipe anc clc;arsmokers.

.V,,ale Srno'l-ersOnlv AQed(45 - 65)

.V,.R 0 2 16 (7)

multi?le correlationcoeff. = .08 F = .01.

-"classifiedby -.u.-..berof ciaarettes smoked per day.
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0;-.I\, (15 - 65@

3 1/3
.%,,R S2 + .20S (,\CIG >z 60 x DR x 10 13

-,vhez-eNCIG = number of c4.-ars per day

.nult4.olccorrelation coeff. .7 F = 1.82.

'-7'.--leavera.@e number of puffs oer ciryaris 60 and for pipes 90 as

s,iown in Table (1)of this reoort.

D;.sc,,lssion

An excellent cor.-elation (correlation coefi,'.c;-ent 99)

-elatin,,the mortality ratio of ci-a@-ettesmokers and the exposure

--a.--ables of amount srr-oked, deoth or volume of inha'at-*on,and age

szarted srnokin,-, has been by ,nultinon).ialregression. The

=.ortal@.tyratio is linearly related to the dose rate (volume of smoke

-perday) to the one thir6 power ti.-nesthe average le.-iathoi exposure

to tie smoke.

ifthe mortality rat4.oof men who smoke ci-ars and pipes

in adci;.tionto cigarettes is cor.-ioaredto that of r.-ienwho smoke only

c;.,-a.-ettesby ut4.lizationof tie respective best fitequations (3)and (4)

an i,-nportantco,-.clusioncan 'oedrawn. The best value of the

-riortalityratio .-o.-male c:lgarettebinokers ac,ed4 to 6- at 24

ca-larettesper day, an inhalation volume of 25 cc,-and an a-e of

started s@-nokincrof 19, is 2.00 087 while the correspondincy

value for cicarette plus ciaar and pipe smokers is 1.80 096.
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)'.IQJ"*ZLIC',WUit-)IIC)Win,lCC)I'ICILLSIO.I.Scai-ibe n-,aricclepenclin(,

tiie 5r-,-.okeclci-ars and pipes concurrently w:t'.l

ci,-ai-ettes or'.a-,:some time, switched -no--'-eo@@smol@-z.nc.T:

C-'41@arand pipe smokin,- in a(@c!itionto ci-arette s.-nok@-nr,,

produces a lowerin- ofthemortality ratio of the s.-noker;

or:

C4.c,a.rand pipe smoki.-i-did not inciucemortality as0 C>

reaci-'-"@.yas c4-aarette srnoki-ic,over the period when those devices

were smo'A@-e d.

-e most irnportant conclusion is der.ved from the

analysis oi o-'.oesmoking; namely, pipe sr.-iokingis not dangerous

to healt',iand t-.ere-@sno correlation 't)ctweenthe dose rate or

exposure ard t.-iemortality ra6io. C,*.carsr.,lokeis only slichtly

zox.c and tie relationship between the mortality ratio and tne

dose rate is iot ',iic,,-ilysir,rn-"ficant.

T@-ielower mortality ratio of pipe and cigar smokers

compared to cigarette srro"Z%-ersis often lin'A'-.edto a lower volur@-ie

of @nhalat4.or,.For example; 70To of pipe smokers (45 to 65 years)

in*-aleonly ao-.-)roxi.-nately14 cc per puff, 800/oof ciaar smokers

inhale only 14 cc per puff, while the averace ciarerettesmoker

;n'nalesapproxi.-..ateiy25 cc per puff (see appendix of reference (2)).

W"nen converted in terms of dose rates the average daily dose of

CD@D
C7\
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o"' ai-c: C;IgLl,-C:ttc- I1.000 cc /day,

p,pe 11, 500 cc/c@ay, c@gar - 3,000 cc/day. Calc-,Liationof the

rat--oirom. eai-,ations(5,7,8) at equivztle-itcloserates

C7clearly ind-iczteat a cor.,-@@-denceLevel of better than 99. 9 o ,hat

t'.-Lelower n-iortalityrat;.oo;-pipe and cigar s,-..okerscannot be

primarily be ca-used by a s,-nalldepth of irhalat-.or.oz-dose rate.

No data -Asava4.1.ablefor the a-e started si-.-ioki.nao@ t)-?eand

c,,-arsmokers so tie e--'@.@ectof tl-lisvariable cannot be checked.

.--7.owever,even the P-ve.-a-ea-e oi ci-arette s-.-iokerwas 24

years irstead o.-L*19 years the same conclusion woulc:tresult.

A more --unda-.-iental,way o@-'express-'@nl-the data is

to calculate tae relativetoxicity of oipe and cigar smoke compared

to c.*Lcl-arette L-'the toxicity of the smoke is defined by the

eCUation.

1/3
"v@'.OR'rALITYP-kTIO('.v@R)= a -' b (TOXICITY) (DOSE RATE)

x (LENGT.II OF EXPOSURE:)

t.-le-Lt.-ierelative toxic@ltya-.'pipe anci ci-ar s,-nos-@ecan be easily

calculated from a corrparison of the respective mortality ratio

versus dose rate equation (5,'1,8).

Let the toxicity of ciclarettesmoke b6- 1.O,then theC>

:no.-talityratio "or all male smokers arred 45 to 65 is expressed

by t-.eequatior,:

co
CN
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T@ic t--,ortalityratio of ci,;arsrro'f@-c:-sis correlateci

to -L.I.-.edose rate o--Llie si-no'Ll-lebut the increase in rrorta';tywith

dc)serate is not iarrc.

T'rie-.-ortalityratio of c4.,-arettesmokers who also

s-noi-zepipes anc c,.garsis significantlylower than smokers whoC, 0

SMOL*-IEonly C;."-,a,.Ottesat tne same ciryare-.tes.-no'zl-ledose rate

and len,,tt-io,.7exoosure.

The lower mortality -atioof pine and cigar smokers

cor-.oared to cigarette smo'z-lerscannot be explained by a d4.f--'er-

ence -.r.a-rount s-.-ioked,deoth of inhalat@-on,or a-e started

L-'the relativetoxicityof smoke from a cigarette

is defi.-iedas 1-0 t-.ei"he toxicity of pipe smoke is 0.0-1

and cigar s-no*A-e.28 13. No factors rnentioned in current

reports an and health(1),(2),(3)and (4)can satis-

ractori'Lyaccount for the lower toxic:@tyof pipe and ci@yarsmoke.

T*.-ieoniy hypothesis which rni-ht satisfactorilyexpla-.nthe srnolm-e

toxic-*Ltydi--'iere-icesisa difference in srnoke cornposition

n.-odi;cedby -@if.:erentcor--ibustionconditions in t@.ep-l@-je,ci@fal@

and :'.zarette.Itis somewhat dist,,irbin-that thithypothesis has

not apparently, received the wz.despreaciattentionwh-*.chitwould

appear to merit.
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FLGURE 1

The relationship between-the coloured I4ydrocarbons yielded per puff

and the Thermodynamic and Kinetic Variables of Tobacco pyrolyris.
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