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Cohort ana lys i s  of c i g a r e t t e  smoking and of mor t a l i t y  from four  
assoc ia ted  diseases 

1. In t roduct ion  

1.1 "Cohort ana lys i s"  means an ana lys i s  i n  which the  bas i c  ma te r i a l  is 

c l a s s i f i e d  by t h e  year  of b i r t h  of t h e  s u b j e c t s  r a t h e r  than by the  

y e a r  i n  which t h e  event of i n t e r e s t  (such a s  death)  happened t o  them. 

This paper p re sen t s  analyses  i n  cohort  form both  of dea th  r a t e s  from 

the  fou r  main card iovascular  and r e s p i r a t o r y  d i seases ,  namely, hea r t  

disease, s t r o k e ,  lung cancer  and b r o n c h i t i s ,  and of cumulative 

c i g a r e t t e  consumption. I t  a l s o  gives  observat ions on t h e  ex ten t  t o  

which t h e  p a t t e r n  of cumulative c i g a r e t t e  consumption by success ive  

cohor t s  of men and women i s  cons i s t en t  w i t h  t h e  p a t t e r n  of death 

r a t e s .  The advantage of using cohort  d a t a ,  where t h e  a v a i l a b l e  

s t a t i s t i c s  enable  t h i s  t o  be done, is t h a t  causes  and e f f e c t s  a r e  

analysed i n  the same group of people.  By c o n t r a s t ,  i f  people dying 

a t ,  say ,  ages 60-64 and 65-69 i n  a p a r t i c u l a r  per iod  a r e  compared 

one is  comparing d i f f e r e n t  cohor t s  which may have had d i f f e r i n g  

exposure t o  f a c t o r s  in f luenc ing  mor t a l i t y .  An outstanding example 

of erroneous deduction from comparison of contemporary death r a t e s  

of d i f f e r e n t  cohor t s  was the  deduction t h a t  male lung cancer death 

r a t e s  dec l ined  a f t e r  t he  age of 65-69. This  conclusion w a s  drawn 

by comparing the lung cancer death r a t e s  of one cohort  of men a t  

age 65-69 w i t h  t h e  r a t e s  f o r  t he  same per iod of t h e  previous cohort  

a t  age 70-74. When t h e  same male cohort i n  England and Wales is 

followed throughout i t s  l i f e t i m e ,  i t  can be seen t h a t  the  lung cancer 

death r a t e  a t  age 70-74 w a s  always higher  than t h e  r a t e  a t  65-69. 

In s o  f a r  a s  t he re  was a reduct ion  i n  male lung cancer  r a t e s  w i t h  

increas ing  age, i t  occurred,  i f  a t  a l l ,  only a t  age 80-84 o r  85+ 

(a s  can be seen i n  t a b l e  l.M of t h i s  paper ) .  

1 . 2  The main t a b l e s  i n  t h i s  paper have been arranged so t h a t  mor t a l i t y  

r a t e s ,  o r  c i g a r e t t e  consumption i e v e l s ,  of a given cohort  f o r  each 

age a r e  represented by a row of f i g u r e s  oppos i te  the c e n t r a l  year  

of b i r t h  of the  cohor t .  On t h i s  b a s i s ,  contemporary death r a t e s  

( i . e .  those f o r  the same calendar  year)  f o r  d i f f e r e n t  ages a t  death 

can be found from the  f i g u r e s  i n  ascending d iagonals .  The dea th  

rates of d i f f e r e n t  cohorts  can,  of course,  be  obtained from the  

usual  t a b l e s  of death r a t e s  by  age groups f o r  success ive  5-year I '  



per iods  by reading t h e  f i g u r e s  of ascending o r  descending 

d iagonals ,  bu t  t h e  form of p re sen ta t ion  adopted he re  is  c l e a r e r  

when t h e  a n a l y s i s  is p r imar i ly  concerned wi th  cohor t s .  

1.3 Some information on c i g a r e t t e  consumption by fou r  cohor t s  of men 

and women has  a l ready  been given i n  Changes i n  Smoking P a t t e r n s  i n  

t h e  U . K .  (Todd, 1975; r e f e r r e d  t o  h e r e a f t e r  as Smoking P a t t e r n s ) .  

Smoking P a t t e r n s  a l s o  introduced t h e  concept of "constant  t a r  

c i g a r e t t e s "  which t akes  account of t h e  reduct ions  t h a t  have occurred 

i n  t h e  tar  y i e l d s  of B r i t i s h  c i g a r e t t e s  s i n c e  1965. The present  

paper extends t h e  cohort  f i g u r e s  so as t o  allow a s  complete a 

comparison as poss ib l e  with m o r t a l i t y  information.  

1.4 Sec t ion  2 of t h i s  paper p re sen t s  t h e  m o r t a l i t y  r a t e s  from t h e  fou r  

main smoking assoc ia t ed  d i seases .  Appendix A g ives  t h e  p r e c i s e  

d e f i n i t i o n s  of these  d i seases  and con ta ins  comments on t h e  

comparabi l i ty  of t h e  m o r t a l i t y  rates f o r  d i f f e r e n t  per iods .  

1.5 Sec t ion  3 presen t s  e s t ima tes ,  on c e r t a i n  assumptions,  of t h e  average 

cumulative c i g a r e t t e  consumption on a c o n s t a n t - t a r  b a s i s  by men and 

women i n  success ive  cohorts;.. Details  of t h e  procedure by which t h e  

c i g a r e t t e  consumption f i g u r e s  were c a l c u l a t e d  a r e  given i n  

Appendix B. While t h e  m o r t a l i t y  f i g u r e s  i n  t h i s  paper re la te  t o  

England and Wales, t h e  c i g a r e t t e  consumption f i g u r e s  are those  of 

t h e  U.K.  a s  a whole. C i g a r e t t e  consumption d e t a i l s  are not a v a i l a b l e  

- 

for  England and Wales sepa ra t e ly  bu t  a r e  l i k e l y  t o  have been s i m i l a r  

t o - t h o s e  of t h e  U . K .  Sec t ion  3 a l s o  conta ins  comments on c e r t a i n  

f e a t u r e s  of t he  m o r t a l i t y  and c i g a r e t t e  consumption f i g u r e s ,  bu t  a s  

t h e  purpose of t h i s  paper i s  p r imar i ly  t o  p re sen t  b a s i c  d a t a ,  no 

attempt has  been made t o  i n t e r p r e t  t h e  f i n d i n g s .  
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2 .  M o r t a l i t y  from four  smoking-associated d i seases  

2 . 1  This  s e c t i o n  of t he  paper presents  t h e  death rates i n  England and 

Wales from t h e  fou r  main cardiovascular  and r e s p i r a t o r y  d i seases ,  

namely, coronary h e a r t  d i sease ,  s t r o k e ,  lung cancer  and b r o n c h i t i s .  

N e a r l y  300,000 men and 300,000 women died i n  England and Wales 

from a l l  causes  i n  1973. The percentages of t h e s e  t o t a l s  

represented by deaths  from coronary heart d i s e a s e ,  s t r o k e ,  lung 

cancer and b r o n c h i t i s  were 29%, lO%, 9% and 7% r e spec t ive ly  €or  

men and 22%, 17%, 2% and 2% r e spec t ive ly  f o r  women.' I n  t o t a l ,  

t h e r e f o r e ,  t h e s e  f o u r  d i seases  accounted f o r  over  55% of a l l  male 

dea ths  and nea r ly  44% of a l l  female deaths  i n  1973. 

2 . 2  The lung cancer  death r a t e s  of men and women f o r  a l l  the f i v e  year 

per iods  from 1911-15 t o  1966-70 a r e  given in t a b l e s  1.M and 1 . W .  

These f i g u r e s  have been published previous ly  but  t h e  mean death r a t e s  

f o r  1971-73 have been added a t  t he  foot  of each column i n  order  t o  show 

t h e  l a t e s t  t r ends .  The dea th  r a t e s  from h e a r t  d i sease  ( t a b l e s  2.M and 

2.W), s t r o k e  ( t a b l e s  3 . M  and 3.W) and b r o n c h i t i s  (tables 4.M and 4.W) 

have been compiled from f i g u r e s  published i n  the  Reg i s t r a r  General 's  

Annual S t a t i s t i c a l  Review of England and Wa,les. Owing t o  major 

i n t e r r u p t i o n s  i n  e a r l i e r  years  i n  the  comparabi l i ty  of t h e  death 

rates, those  f o r  hea r t  d i sease  a r e  given only f o r  the  f i v e  year  

per iods 1951-55 t o  1966-70 and those f o r  s t r o k e  and b r o n c h i t i s  f o r  

1946-50 t o  1966-70. A s  wi th  lung cancer ,  the  mean death rates f o r  

1971-73 have been included. The average number o f  deaths  pe r  annum 

from heart disease, s t r o k e  and b r o n c h i t i s  f o r  t h e  per iods  concerned 

2.3 

a r e  given i n  t a b l e s  A.l t o  A . 3  as an i n d i c a t o r  of t h e  inherent  

v a r i a b i l i t y  of the death rates.  The numbers of dea ths  from lung 

cancer have been published i n  the  O . P . C . S .  Study N o .  29, Cancer 

Mor ta l i t y ,  England and Wales, 1911-70.' The death r a t e s  have been 

ca l cu la t ed  by tak ing  t h e  recorded dea ths  as a propor t ion  of t he  t o t a l  

populat ion a t  t h e  middle of each per iod covered, on t h e  bas i s  of 

t h e  contemporary populat ion es t imates  contained i n  t h e  Reg i s t r a r  

Genera l ' s  S t a t i s t i c a l  Reviews. 

The  comparabili ty of the  death r a t e s  f o r  d i f f e r e n t  years  of  t he  

four  d i seases  included i n  t h i s  paper was a f f e c t e d  t o  a varying 

ex ten t  by t h e  changes i n  d e f i n i t i o n s  of the d i seases  caused by 
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t h e  r e v i s i o n s  of t he  I n t e r n a t i o n a l  S t a t i s t i c a l  C l a s s i f i c a t i o n  of 

Diseases introduced i n  1950, 1958 and 1968. The changes i n  the  

d e f i n i t i o n  of lung cancer  had l i t t l e  e f f e c t  on t h e  comparabi l i ty  of 

t h e  death r a t e s .  The changes i n  the  d e f i n i t i o n  of h e a r t  d i sease  

i n  1950 and 1968 w e r e  of major importance, bu t  i t  proved poss ib l e  t o  

put  t h e  dea th  r a t e s  f o r  1951-67 and 1968-73 on a reasonably 

comparable b a s i s .  Minor breaks a t  1950 and 1968 i n  t h e  con t inu i ty  

of t h e  d e f i n i t i o n s  of s t r o k e  and b r o n c h i t i s  could not  be overcome, 

s o  the  breaks were accepted and met by g iv i ag  dea th  rates i n  

tables 3.M and 3.W and 4 . M  and 4 . W  on both a temporal b a s i s  and 

a cohort  b a s i s .  I n  compiling the  f i g u r e s  on a temporal b a s i s ,  t h e  

per iod 1966-70 w a s  s p l i t  i n t o  t h e  two per iods  1966-67 and 1968-70 

represent ing  t h e  yea r s  before  and a f t e r  t he  1968 changes i n  t h e  

d e f i n i t i o n  of t h e  d i seases  so t h a t  the dea th  r a t e s  f o r  t h e s e  two 

per iods  could be  compared wi th  t h e  dea th  rates of e a r l i e r  and l a t e r  

per iods  r e s p e c t i v e l y .  On t h e  o the r  hand, t h e  dea th  r a t e s  of each 

cohort  during t h e  per iod  1966-70 had t o  be based on the  d e f i n i t i o n s  

used i n  p r a c t i c e  although changes had occurred i n  them. The 

problems of comparabi l i ty  of t h e  death rates of d i f f e r e n t  per iods  

a r e  discussed in some d e t a i l  i n  Appendix A .  

IW 

2 . 4  In  cons ide r ing - the  m o r t a l i t y  r a t e s  given i n  tables 1 t o  4 ,  i t  has  t o  

be borne i n  mind t h a t  t h e  dea th  r a t e s  of success ive  cohor t s  have i n  

some cases  be& markedly a f f e c t e d  by changes . in t h e  s tandards  of 

d i agnos i s ,  i n  p a r t i c u l a r  w i t h  lung cancer where a number of 

s i g n i f i c a n t  advances i n  d i agnos t i c  a i d s  have been made i n  t h i s  

cen tury ,  w i t h  t h e  success ive  advent of X-rays, bronchoscopy and 

open-chest ope ra t ions .  L i t t l e  f i r m  evidence is  a v a i l a b l e  t o  i n d i c a t e  

t h e  a c t u a l  e f f e c t s  on the  death r a t e s  of t h e s e  advances, but  i t  i s  

- 

bel ieved  t o  have been cons iderable .  One s tudy  which demonstrates 

t h a t  d iagnos is  was by no means pe r fec t  i n  t h e  1950's was t h a t  by 

Heasman and Lipworth (1966). They found, i n  a l a r g e  s tudy of deaths  

i n  1959, t h a t  i n  add i t ion  t o  253 cases  c l i n i c a l l y  diagnosed as l u n g  

cancer and confirmed a t  autopsy,  t h e r e  w e r e  a l s o  197 cases  c l i n i c a l l y  

diagnosed but  not  confirmed a t  autopsy ( f a l s e - p o s i t i v e s ) ,  and i n  a 

f u r t h e r  281 cases ,  lung cancer was found t o  have been the primary 

cause of dea th  a t  autopsy bu t  t h e  cases  w e r e  diagnosed c l i n i c a l l y  a s  

dying of o t h e r  d i seases  ( f a l se -nega t ives ) .  
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2.5 The p a t t e r n s  of t h e  death r a t e s  of success ive  cohor t s  of men from 

t h e  f o u r  d i seases  given i n  t a b l e s  l.M - 4.M may be summarised as 

fol lows : - 

2.5.1 The male lung cancer death r a t e s  a t  ages 50+ increased 

wi th  each successive cohort  up t o  t h e  cohor t s  born 

around 1901-06, and those a t  ages 30-49 increased with . .  r .  

each success ive  cohort  up t o  t h e  cohor t s  born around 

1911-16. Therea f t e r ,  t he  male lung cancer death r a t e s  

decreased a t  a l l  ages with each success ive  cohort .  

2.5.2 The male death r a t e s  from h e a r t  d i sease  increased 

almost continuously at a l l  ages wi th  each success ive  

cohort  from the  cohort  born around 1871 up t o  the  

l a tes t  cohort .  

2.5.3 The  change i n  t h e  d e f i n i t i o n  of s t r o k e  i n  1950 caused 

t h e  male death rates from s t r o k e  of most age groups 

t o  reach a peak i n  1951-55. Since then ,  t he  male 

death r a t e s  from s t r o k e  a t  ages 50-84 have decreased 

cont inuously i n  cohor t s  born up t o  1921. A t  younger 

ages ,  the death rates were approximately l e v e l  i n  

success ive  cohor t s  born around 1921 and l a t e r .  

2.5.4 Excluding t h e  age groups aged 80+ where t h e  death 

rates were i r r e g u l a r ,  the  male dea th  r a t e s  f r o a  

b r o n c h i t i s  increased almost cont inuously i n  each 

cohort  up t o  the  cohor t s  born around 1896-1901. 

Therea f t e r ,  t h e  dea th  rates decreased w i t h  each 

success ive  cohort  u n t i l  1968 when t h e  r a t e s  increased 

i n  1968-70 as  a r e s u l t  of t h e  change in t he  

d e f i n i t i o n  of the  d i sease  i n  1968. The death r a t e s  

resumed t h e i r  dec l ine  i n  1971-73. 

2.6 These conclusions a r e  based on death r a t e s .  Using da ta  suppl ied by 

t h e  South Thames Cancer Regis t ry ,  Todd and Skeet (p r iva t e '  

colmunication) analysed t h e  lung cancer new case r a t e s  of men i n  t h e  

South West Thames Region. They concluded t h a t  cohor t s  born p r i o r  t o  

1904-12 had increas ing  new case r a t e s  with each success ive  cohor t ,  

but  t h a t  a f t e r  t he  1904-12 cohor t s ,  each success ive  cohort  had lower 
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new case r a t e s  than  i t s  predecessor.  The conclusions der ived from 

new case rates w e r e  t he re fo re  s imi l a r  t o  those  drawn from death 

rates.  

2.7 The p a t t e r n s  of t h e  death r a t e s  of successive cohor t s  of women from 

t h e  fou r  d i s e a s e s  given i n  tables l . W  - 4 . W  may be summarised as 

fol lows : - 
2.7.1 The lung cancer dea th  rates of success ive  cohor t s  

of women have increased continuously up t o  t h e  cohort  

born around 1926 and decreased i n  la ter  cohor t s .  

2.7.2 Apart from a few i r r e g u l a r i t i e s  i n  t h e  70+ age groups,  

t h e  dea th  r a t e s  of women from h e a r t  d i s e a s e  have 

increased  a t  a l l  ages with each success ive  cohort  

s i n c e  t h e  1871 cohort .  

2.7.3 The change i n  t h e  d e f i n i t i o n  of s t r o k e  i n  1950 caused 
1 

t h e  female dea th  rates from s t r o k e  of almost a l l  age 

groups t o  reach a peak i n  1951-55. Since  then ,  t h e  

female death r a t e s  from s t r o k e  a t  ages  45-83 have 

decreased continuously i n  almost a l l  cohor t s  born up 

t o  1926. A t  younger ages,  the  death r a t e s  were 

approximately l e v e l  i n  successive cohor t s  born around 

1921 and l a t e r .  

2 
? 

P 

2.7.4 The female death r a t e s  from b r o n c h i t i s  decreased w i t h  

each success ive  cohort  from t h e  cohort  born around 

1866 t o  t h e  1906-11 cohor ts .  The b r o n c h i t i s  dea th  

rates increased  i n  la ter  cohor t s ,  p a r t  of t h e  increase  

being due t o  t h e  change i n  the  d e f i n i t i o n  of t h e  

disease i n  1968. However, t he  dea th  r a t e s  f o r  1971-73 

were lower than those f o r  1968-70 i n  a l l  age groups.  

2.8 The male and female p a t t e r n s  were thus d i f f e r e n t  f o r  lung cancer and 

b r o n c h i t i s  but  broadly s i m i l a r  f o r  hea r t  disease and s t r o k e .  
J 1' 
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3. 

3.1 

E s t i m a t e s  of cumulative cons tan t  tar  c i g a r e t t e  consumption pe r  adul t  

The purpose of t h i s  s e c t i o n  i s  t o  provide es t imates  of the 

cumulative constant  t a r  c i g a r e t t e  consumption (CCTCC) by cohor t s  of 

men born a f t e r  1830 and of women a f t e r  1855, and t o  consider  t hese  

es t imates  i n  r e l a t i o n  t o  t h e  death r a t e s  given i n  s e c t i o n  2 .  A s  

explained i n  Smoking P a t t e r n s ,  "constant  tar  c i g a r e t t e s "  a r e  the  

number of c i g a r e t t e s  which would have been smoked i f  smokers had 

drawn t h e  same t o t a l  weight of p a r t i c u l a t e  mat ter  ( i . e .  t a r )  i n t o  

t h e i r  mouths a s  they had obtained from the  c i g a r e t t e s  a c t u a l l y  

smoked but had been smoking c i g a r e t t e s  which were t h e  same as  t h e  

average c i g a r e t t e  smoked i n  1965. 

3.2 As t h e  c i g a r e t t e  consumption of successive cohor t s  of men and women 

w a s  no t  observed a t  t he  t i m e ,  t h e  es t imates  of consumption are an 

exe rc i se  i n  h i s tor ica l  recons t ruc t ion .  While they a r e  based on what 

a r e  thought t o  be t h e  most probable assumptions, t h e  es t imates  

inev i t ab ly  contain a reas  of uncer ta in ty :  the procedure has the re fo re  

been descr ibed i n  some d e t a i l  here and i n  Appendix B.  I n  p a r t i c u l a r ,  

two b a s i c  assumptions have been made. 

Basic assumptions 

3.3 The  f i r s t  b a s i c  assumption is  t h a t ,  before  1935, t h e  age d i s t r i b u t i o n  

of c i g a r e t t e  smokers of each sex was s i m i l a r  t o  t h a t  of the  same sex 

i n  1935-39. The second assumption is  t h a t  the average amount of t a r  

de l ivered  pe r  c i g a r e t t e  i n  each year  p r i o r  t o  1965 was the  same as  

i n  1965. 

3.4 T h i s  f i r s t  assumption has t h e  e f f e c t  of f r eez ing  t h e  age-d is t r ibu t ion  

of smokers i n  each sex .  Consequently, a s  repor ted  i n  paragraph A.4 

of Smoking P a t t e r n s ,  i f  a surge i n  consumption had been working i t s  

way through f i r s t  t h e  youngest and next t he  middle age groups - as  

may have happened when women first s t a r t e d  t o  smoke - t h i s  would not 

show up i n  t h e  consumption es t imates  which have been made f o r  the  

d i f f e r e n t  age groups i n  successive years .  On t he  o the r  hand, e r r o r s  

of t h i s  na tu re  a r e  l i k e l y  t o  have been l a r g e s t  when consumption l eve l s  

were lowest .  In consequence, t h e  CCTCC es t imates  a r e  s t i l l  l i k e l y  

t o  provide a reasonable r ep resen ta t ion  of t h e  ways i n  which cumulative 

c i g a r e t t e  consumption by successive cohor t s  has changed. Fu r the r ,  

from 1935 onwards t h e  CCTCC es t imate  f o r  each cohort  w i l l  tend more 
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and more t o  be dominated by components of consumption from more 

r ecen t  yea r s  where knowledge of the age -d i s t r ibu t ion  i s  more 

reliable. 

The second assumption, namely t h a t  t h e  average amount of t a r  

de l ive red  p e r  c i g a r e t t e  i n  each year  p r i o r  t o  1965 was t h e  same as  

i n  1965, is  based on t h r e e  observa t ions .  F i r s t l y ,  a s  Table B.4 

shows, t h e  average weight of B r i t i s h  c i g a r e t t e s  remained 

approximately unchanged from 1920 t o  1935. Secondly,  some 

evidence is a v a i l a b l e  from surveys of b u t t  l eng ths  l e f t  by smokers, 

a l though back only a s  f a r  as 1958, which showed t h a t  t h e r e  had been 

no s i g n i f i c a n t  change i n  the  propor t ion  of each c i g a r e t t e  smoked by 

t h e  average smoker over t he  years .  Th i rd ly ,  i t  was a major 

o b j e c t i v e  of t h e  c i g a r e t t e  manufacturers t o  meet i n  a s  unchanged 

form as p r a c t i c a b l e  the  p r e c i s e  types of demand which c i g a r e t t e  

smokers had long e s t ab l i shed .  Although t h e  y i e l d  p e r  a c r e  of U . S .  

f lue-cured tobacco, which has been the  main c o n s t i t u e n t  of B r i t i s h  

c i g a r e t t e s ,  increased  from 856 l b s .  i n  1934-39 t o  2 ,211  l b s .  i n  

1964 causing t h e  "body" and weight of i n d i v i d u a l  leaves t o  d e c l i n e ,  

t h e  r e s u l t a n t  reduct ion  i n  tar  de l ive ry  p e r  l ea f  would have been . - 

compensated t o  some exten t  by t h e  inc rease  in t h e  number of leaves  

r equ i r ed  t o  make up a given weight of tobacco. N o r  is  t h e  f a c t  

t h a t ,  a f t e r  1955, t h e  demand f o r  f i l t e r  c i g a r e t t e s  began t o  become 

s i g n i f i c a n t  ( t h e  proport ion which f i l t e r  c i g a r e t t e s  formed of t o t a l  

sales increased  from 2% i n  1955 t o  53% i n  1965) l i k e l y  t o  have made 

our assumption s e r i o u s l y  inaccura t e ,  a s  t h e  e f f e c t  of f i l t e r s  on 

t a r  de l ive ry  d i d  not  become marked u n t i l  a f t e r  1965. 

Estimates of cumulative cons tan t  t a r  c i g a r e t t e  consumption (CCTCC) 

on the t w o  assumptions descr ibed a r e  given in tables 5.M and 5.W. 

The p r i n c i p a l  conclusion which emerges from a comparison of CCTCC 

and t h e  lung cancer death rates of men i n  t a b l e  1.M is t h a t  i n  

s e v e r a l  age groups t h e r e  were some l a t e r  cohor t s  which had g r e a t e r  

CCTCC than t h e  cohort  with t h e  h ighes t  lung cancer  r a t e .  The 

fol lowing t a b l e  g ives  f o r  each age group t h e  cohort  o r  cohor t s  which 

had CCTCC g r e a t e r  than o r  equal  t o  t h a t  of the cohort  wi th  t h e  

h ighes t  lung cancer r a t e .  The cohort  w i t h  the  g r e a t e s t  CCTCC a t  

each age is underl ined:  
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Table 6 

Age 
group 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

Male cohort  which had 
t h e  h ighes t  lung cancer 

r a t e  f o r  t h i s  age 

1916 

1916 

1916 

1911 

1906 

1901 

Male cohor t s  which had 
CCTCC g r e a t e r  than o r  equal 

h ighes t  lung cancer  rate 
t o  t h a t  of t h e  cohort  with t h e  

1921 

1921T 1926 

1921 

- 1  

1916, 1921 

1911, 1916,. 1921 

1906, 1911, 1916 
-- 

3.7 I t  is n a t u r a l  t o  ask what changes i n  t h e  b a s i s  of es t imat ing  t h e  t a r  

d e l i v e r i e s  of c i g a r e t t e s  p r i o r  t o  1965 would be requi red  i n  order  to  

cause t h e  peak l e v e l s  of CCTCC and of t h e  lung cancer  dea th  rates t o  

be reached i n  t h e  same cohor t ,  and whether t h e s e  changes would 

be l a r g e .  Assumptions about pre-1965 t a r  d e l i v e r i e s  which might 

br ing  about t h i s  synchronizat ion of CCTCC and lung cancer dea th  

r a t e s  f o r  a t  least some ages a r e ,  f o r  convenience, termed " the  

synchronizat ion assumptions", and while many such assumptions a r e  

p o s s i b l e ,  two i n  p a r t i c u l a r  a r e  considered here .  

Synchronization assumptions 

3.8 Table 7 gives  f o r  s i x  per iods  of t ime, namely, up t o  1929, 1930-39, 

1940-49, 1950-59, 1960-64 and 1965 onwards, t h r e e  a l t e r n a t i v e  s e t s  

of t a r  i nd ices .  The f i r s t . o f  t hese  is t h e  one we have used f o r  

our  main conclusions and i s  based on the  second of t h e  two b a s i c  

assumptions (descr ibed i n  paragraph 3.5). The o the r  two r ep resen t  

a l t e r n a t i v e s  based on assuming t h a t  tar y i e l d s  i n  e a r l i e r  i e a r s  

w e r e  h igher  than i n  1965. W e  have not considered a l t e r n a t i v e s  i n  

which they  were lower i n  e a r l y  years  a s  i t  i s  c l e a r  t h a t  these 

would have the  e f f e c t  of moving the  peaks of CCTCC and lung cancer 

apa r t .  Nor have w e  considered a l t e r n a t i v e s  i n  which t h e r e  was a 

s h o r t  per iod of h igh  t a r  r a t h e r  than a t rend a s  such a per iod would 

con t r ibu te  approximately equal ly  t o  each cohort  passing through i t  
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and a f f e c t  t h e  p o s i t i o n  of t h e  peaks very l i t t l e ,  

5 

Table 7 

Al t e rna t ive  t a r  ind ices  

up to 1930-39 1940-49 1950-59 1960-64 1965 Onwards 1929 Assumption 

2nd b a s i c  
assumption 100 

Synchronization 
assumption 1 110 

Synchronization 
assumption I1 150 

100 100 100 100 A s  t a b l e  B . 2  

110 105 100 100 A s  t a b l e  B . 2  

140 130 120 110 A s  t a b l e  B . 2  

A r e l a t i v e l y  s m a l l  ,ncrease i n  t a r  d e l i v e r i e s  above those  i n  t h e  

b a s i c  assumption, such a s  those  given i n  synchronizat ion assumption I 

i n  t a b l e  7 ,  would cause t h e  peaks i n  CCTCC a t  ages 30-34, 35-39 and 

40-44 t o  occur i n  t h e  1916 cohor ts  of men ins t ead  of i n  t h e  1921 

cohor t s ,  and thereby t o  co inc ide  with t h e  lung cancer peaks. Rather 

l a r g e r  i nc reases  i n  t h e  assumed t a r  d e l i v e r i e s  i n  e a r l i e r  years  would 

be necessary t o  cause synchronizat ion of t h e  CCTCC and lung cancer 

peaks i n  men aged-45-49. On t h e  o t h e r  hand, not even r e l a t i v e l y  

extreme assumptions about t h e  l e v e l  of ear l ier  t a r  d e l i v e r i e s  pe r  

c i g a r e t t e ,  such as those given i n  synchronizat ion assumption 11 i n  

t a b l e  7 (which assumes t h a t  t a r  d e l i v e r i e s  would have been 50% 

higher  p r i o r  t o  1930 than w e  have est imated)  would cause t h e  peaks 

i n  CCTCC and lung cancer a t  ages 50-54 and 55-59 t o  coincide.  The 

conclusion tha t  t h e  cohor t s  with peak CCTCC were born la ter  than the  

cohor t s  with peak lung cancer r a t e s  seems t h e r e f o r e  t o  be soundly 

based, e s p e c i a l l y  when ages of 50-59 are considered.  

3 .9  Like t h e  male lung cancer dea th  r a t e s ,  male b r o n c h i t i s  death r a t e s  

i n  each age group ( t a b l e  4.M) reached a peak i n  a cohort  born 

e a r l i e r  than t h e  cohort  i n  which CCTCC reached a peak. The 

fol lowing t a b l e  g ives  f o r  each age group t h e  cohort  o r  cohor t s  which 

had CCTCC g r e a t e r  than o r  equal  t o  t h a t  of t h e  cohort  wi th  the  

h ighes t  b r o n c h i t i s  r a t e .  The cohort  with t h e  g r e a t e s t  CCTCC a t  each 

age is underl ined:  
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Table 8 

Male cohor ts  which had 
CCTCC g r e a t e r  than o r  equal 
t o  t h a t  of the cohort  with 
t h e  h ighes t  b ronch i t i s  r a t e  

Male cohort  which had 
t h e  highest  b r o n c h i t i s  

r a t e  f o r  t h i s  age 

Age 
group 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

1916 J L  

1911 

1906 

1901 

1896 

1896 

1901 

1896 

1921 

1916, 1921, 1926 

1911, 1916, - 1921, 1926 

1906, 1911, 1916, 1921, 1926 

1901, 1906, 1911, 1916, 1921 

1901, 1906, - 1911, 1916 

1906, 1911 

1901, 1906 

- 
-- 

-- 

There are no p l a u s i b l e  assumptions about t a r  d e l i v e r i e s  i n  years  

p r i o r  t o  1965 which would cause t h e  peaks i n  CCTCC f o r  t he  age groups 

40-59 t o  occur i n  t h e  same cohor ts  a s  those  i n  which t h e  b ronch i t i s  

death r a t e s  reached t h e i r  peak. 

^- 
I n t e r p r e t a t i o n  of the  evidence 

3.10 There a r e  some po in t s  which should be borne i n  mind when i n t e r p r e t i n g  

the  cohort  evidence on smoking and death r a t e s ,  though they do not  

a f f e c t  t h e  conclusions reached i n  paragraphs 3 . 8  and 3 ,9 .  

3.11 F i r s t l y ,  where t h e  peak l e v e l  of consumption up t o  a p a r t i c u l a r  age 

by a cohort  has not  g r e a t l y  exceeded t h e  consumption by adjacent  

cohor t s ,  t h e r e  is doubt as t o  the  p r e c i s e  cohort  i n  which c i g a r e t t e  

consumption by t h a t  age had reached i t s  peak. This  is  because the  

two assumptions descr ibed may not have been wholly accura te .  There 

is thus some doubt whether CCTCC by t h e  50-54 age group reached i t s  

peak i n  t h e  1911 o r  1916 cohor t .  

3.12 Secondly, i t  is  necessary t o  bear i n  mind t h a t  success ive  cohorts  

may have been s u b j e c t ,  a t  the  same ages,  t o  d i f f e r e n t  s tandards of 

d iagnos is .  Consequently, where a peak lung cancer  dea th  r a t e  d id  

not  g r e a t l y  exceed t h e  r a t e s  i n  l a t e r  y e a r s ,  t h e r e  may b e  some 

doubt a s  t o  the ac tua l  y e a r  i n  which t h e  peak was reached. In t h e  

50-54 age group o f  men f o r  example, the  h ighes t  lung cancer death 

r a t e s  f o r  the 1901, 1906 and 1911 cohorts  were wi th in  about 2% of - 
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each o the r .  The e f f e c t  of improved s tandards  of d i agnos i s ,  however, 

is t o  inc rease  t h e  death rates of l a t e r  yea r s  r e l a t i v e l y  t o  those of 

e a r l i e r  years  so t h a t ,  on a comparable b a s i s ,  r a t e s  f o r  e a r l i e r  

years  tend  t o  be under-stated.  

3.13 The t h i r d  problem of in t eppre t a t ion  l ies i n  the f ac t  that CCTCC 

estimates by cohor t s  i n  t a b l e s  5.M and 5.W r ep resen t  a r i t hme t i c  

t o t a l s  of c i g a r e t t e  consumption, on a cons tan t  t a r  basis, over 

per iods i n  which ind iv idua l  dura t ions  of t h e  smoking h a b i t  may have 

var ied .  Papers  by Armitage, Do l l ,  L e e ,  Pet0 and o t h e r s  i n  recent  

years  have shown tha t  data r e l a t i n g  t o  cancer ,  p a r t i c u l a r l y  lung 

cancer i n  men and sk in  cancer i n  labora tory  animals induced by 

c i g a r e t t e  smoke condensate, can be  explained by mult i -s tage models 

which a r e  b a s i c a l l y  similar i n  p r i n c i p l e .  In a l l  t hese  models, the 

con t r ibu t ion  of the carcinogen t o  the  r i s k  of cancer  takes the form 

of a func t ion  which depends non-linearly on t h e  du ra t ion  of exposure 

t o  t h e  carcinogen. In p a r t i c u l a r ,  Pet0 et a l .  (1975) have quoted 

f i g u r e s  which showed t h a t ,  under c e r t a i n  assumptions, "lung cancer 

incidence r a t e s  are propor t iona l  t o  the f o u r t h  power of dura t ion  

of smoking". T h i s  would imply that  a person who bad smoked a- 

d a i l y  amount f o r  a given length  of t i m e  would be a t  much more than 

t w i c e  the r i s k  of lung cancer of a smoker who had smoked t h e  same 

amount f o r  half t h a t  length of t i m e  al though t h e  CCTCC estimate of 

the  former would be only double tha t  of the l a t t e r .  Nevertheless ,  

CCTCC i s  a u s e f u l  s t a t i s t i c  when appl ied t o  cohor t s  of men o r  

women who have been smoking s i n c e  age 16. (C iga re t t e s  smoked by 

ch i ldren  have been excluded from the estimates made in t h i s  paper.)  

-- 
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Appendix A 

C l a s s i f i c a t i o n  of deaths  by Reg i s t r a r  General of England and Wales 

A . l  The underlying cause of death is  c l a s s i f i e d  by t h e  Reg i s t r a r  General 

according t o  t h e  I n t e r n a t i o n a l  S t a t i s t i c a l  C l a s s i f i c a t i o n  of Diseases .  

The l a s t  condi t ion  mentioned i n  s e c t i o n  I of t h e  B r i t i s h  death 

c e r t i f i c a t e ,  which i n i t i a t e d  t h e  t r a i n  of events  leading t o  t h e  f a t a l  

outcome, i s  accepted a s  t h e  underlying cause of death un le s s  coding 

r u l e s  a l t e r  t h i s .  The comparabi l i ty  of t h e  death r a t e s  of successive 

cohor t s  over t h e  per iods  covered i n  t h i s  paper may have been in t e r rup ted  

by changes i n  d e f i n i t i o n s  of t h e  d i seases  whenever a new r e v i s i o n  of 

t h e  I n t e r n a t i o n a l  S t a t i s t i c a l  C l a s s i f i c a t i o n  of Diseases was introduced.  

The 5 th  r e v i s i o n  of I . C . D .  completed i n  1938 was adopted i n  t h e  

S t a t i s t i c a l  Review of t h e  Reg i s t r a r  General of England and Wales from 

1940, t h e  6 t h  r ev i s ion  completed i n  1948 w a s  adopted from 1950, t he  

7 t h  r e v i s i o n  completed i n  1955 was adopted from 1958 and t h e  8 t h  

r e v i s i o n  completed i n  1965 was adopted from 1968. The in t roduc t ion  

of t h e  6 t h  r e v i s i o n  i n  1950 made a number of changes i n  t h e  o f f i c i a l  

d e f i n i t i o n s  of t h e  d i seases  covered i n  t h e  present  paper ,  and t h e  death 

r a t e s  f o r  1946-50 from h e a r t  d i s e a s e ,  s t r o k e  and b r o n c h i t i s  were 

consequently not  s t r i c t l y  comparable w i t h  l a t e r  f i gu res .  The changes 

introduced i n  t h e  7 t h  r e v i s i o n  i n  1958, on t h e  o ther  hand, w e r e  very 

s l i g h t ,  so t h a t  t h e  death r a t e s  from 1950 t o  1967 w e r e  c lo se ly  

comparable. The changes made i n  t h e  8 t h  r e v i s i o n ,  introduced i n  1968, 

were again considerable .  The Reg i s t r a r  General has provided formulae 

(Par t  111, Commentary, of the  Reg i s t r a r  General ' s  S t a t i s t i c a l  Review 

of England and Wales f o r  1967) whereby dea ths  c l a s s i f i e d  under t h e  7 t h  

and 8 t h  r e v i s i o n s  of I . C . D .  can b e  made more comparable. The same 

formulae, however, is  provided f o r  a l l  age groups i n  r e spec t  of each 

cause of dea th  whereas comparison of t h e  dea ths  before  and a f t e r  t he  

8 t h  r e v i s i o n  suggest t h a t  a t  l e a s t  i n  dea ths  from b r o n c h i t i s ,  d i f f e r e n t  

conversion f a c t o r s  a r e  requi red  f o r  o l d e r  and younger age groups. 

A.2 The dea th  r a t e s  of t h e  cohor t s  i n  t a b l e s  l . M  and W t o  t a b l e s  4.M and W 

a r e  arranged so  t h a t  the  death r a t e s  a t  successive ages of t h e  same cohori 

. -  
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a r e  on t h e  same l i n e .  Consequently, t h e  dea th  r a t e s  a t  d i f f e r e n t  ages 

f o r  t h e  same per iod  of f i v e  y e a r s  (e .g .  1951-55) a r e  t o  be found i n  

the  appropr i a t e  ascending diagonal .  This  can be seen more c l e a r l y  i n  

t a b l e s  3.M and W and 4.M and W ,  where t h e  dea th  r a t e s  a r e  given on 

both a cohor t  b a s i s  and a temporal (usua l ly  %year) b a s i s .  The death 

rates by cohor t s  i n  t a b l e s  1.1 onwards are based on t he  death r a t e s  

f o r  f i v e  yea r s  except f o r  the  l a s t  f i g u r e  i n  each l i n e ,  which i s  based 

on t h r e e  years only (namely, 1971-73). The f i r s t  death r a t e  f i g u r e  

f o r  each age.group i n  t h e  cohort  t a b l e  i s  based on t he  death r a t e s  f o r  

1911-15 f o r  lung cancer ,  on those f o r  1946-50 f o r  s t r o k e  and 

b r o n c h i t i s ,  and those  f o r  1951-55 fo r  h e a r t  d i sease .  The c e n t r a l  years 

of b i r t h  of each cohort  are f i v e  years  a p a r t ,  except f o r  the las t  

cohort  born around January l s t ,  1940, which w a s  only fou r  years  l a t e r  

than the preceding cohor t ,  born around January l s t ,  1936. The year  

1936 w a s  c e n t r a l  to t h e  f i v e  years  1934-38, whereas 1940 was c e n t r a l  

t o  t h e  t h r e e  years  1939-41. 

A.3 The lung cancer  death r a t e s  i n  tables l . M  and W are those  c l a s s i f i e d  

under I . C . D .  162-164 of t h e  I n t e r n a t i o n a l  C l a s s i f i c a t i o n  of Diseases 

f o r  t he  yea r s  1950-67 and under I . C . D .  162-163 t h e r e a f t e r .  The 

dea th  rates i n  t a b l e s  l . M  and W f o r  t h e  s i x  f i v e  year  per iods from 

1911-15 t o  1936-40 a r e  those  publ ished by Case and Pearson (1957). 

The dea th  rates f o r  t h e  l a s t  s i x  pe r iods  from 1941-45 t o  1966-70, 

have been obta ined  from O.P.C.S. Study No. 29 ,  Cancer Mor ta l i t y ,  

England and Wales, 1911-70. A major change of d e f i n i t i o n  took p lace  

from 1968, when dea ths  from malignant neoplasms of t h e  lung,  unspec i f ied  

a s  t o  whether primary o r  secondary, were t r a n s f e r r e d  from I . C . D .  163 

t o  162, and I . C . D .  164 (malignant neoplasms of t h e  mediastinum) was 

t r a n s f e r r e d  t o  163, but  there has been l i t t l e  change i n  the  coverage 

of I . C . D .  162-164 combined s i n c e  1950. T h e  f u l l  d e f i n i t i o n  of t he  

f i g u r e s  i n  t a b l e s  l.M and W s i n c e  1968 has been dea th  r a t e s  from 

malignant neoplasms of the  t r achea ,  bronchus,  lung and o t h e r  r e s p i r a t o r y  

organs,  whether t h e  d i sease  w a s  primary, secondary o r  unspec i f ied .  The 

"other" r e s p i r a t o r y  organs a r e  the  p l eu ra ,  mediastinum o r  unspec i f ied  

r e s p i r a t o r y  si tes.  



g r e a t e s t  changes i n  t h e  d e f i n i t i o n s  of t h e  diseases covered by 

IS paper made by t h e  r e v i s i o n s  t o  t h e  I n t e r n a t i o n a l  C l a s s i f i c a t i o n  

Diseases were i n  t h e  d e f i n i t i o n s  of h e a r t  d i s e a s e .  Heart d i sease  

i s  defined by I . C . D .  94 of t h e  5 t h  rev is ion , in t roduced  i n  England 

and Wales i n  1940,as d i s e a s e s  of t h e  coronary a r t e r i e s  and angina 

p e c t o r i s .  This  d e f i n i t i o n  w a s  changed i n  1950, when t h e  6 th  r ev i s ion  

of I .C .D .  w a s  introduced, t o  a r t e r i o s c l e r o t i c  h e a r t  d i s e a s e  including 

coronary d i s e a s e  ( I . C . D .  420 of t h e  6 t h  r e v i s i o n ) .  In  add i t ion ,  t h e r e  

were I .C .D .  421 ("chronic endoca rd i t i s  not s p e c i f i e d  as rheumaticff) 

and 422 ("other myocardial degeneration").  This  las t  was sub-divided 

i n t o  422.0 ( " f a t t y  degeneration"),  422.1 ("with a r t e r i o s c l e r o s i s " )  

and 422.2 ("other d i seases  included under 422"). The same c l a s s i f i c a t i o n s  

were continued in t h e  7 t h  r e v i s i o n  of I . C . D .  When t h e  8 t h  r e v i s i o n  w a s  

introduced i n  1968, f u r t h e r  extensive changes were made i n  t h e  o f f i c i a l  

d e f i n i t i o n s  of h e a r t d i s e a s e .  I . C . D .  420 of t h e  6 t h  and 7 t h  r e v i s i o n s  w a s  

- r e - d i s t r i b u t e d  among t h e  new I . C . D .  410 ("acute myocardial i n fa rc t ion" ) ,  

411 (''other acute  and sub-acute forms of ischaemic h e a r t  d i sease" ) ,  

412 ("chronic ischaemic h e a r t  disease") , 413( "angina pector is")  and 414 

("asymptomatic ischaemic h e a r t  disease"  - f o r  which no deaths  a r e  recorded 

i n  England and Wales). The combined t o t a l s  of I . C . D .  410-414 c u r r e n t l y  

r ep resen t  deaths  from ischaemic h e a r t  d i s e a s e .  The problem of 

maintaining continuing Comparability of t h e  h e a r t  d i s e a s e  death r a t e s  

w a s  thus  d i f f i c u l t ,  but t h e  problem w a s  l a r g e l y  solved when Wald (1976), 

r e f e r r i n g  t o  unpublished work by J .I .  Mann, pointed out  t h a t  I . C . D .  420 

and 422.1 of t h e  7 t h  r e v i s i o n  of I . C . D .  t oge the r  c l o s e l y  matched 410- 

414 of t h e  8 t h  r ev i s ion  (ischaemic h e a r t  d i s e a s e ) .  I n  1967, 5,288 

male deaths  and 9,342 female deaths  were recorded under I . C . D .  422.1 

of t h e  7 t h  r e v i s i o n ,  arid t h e s e  formed r e s p e c t i v e l y  49.5% of t h e  male 

deaths  and 46.9% of t h e  female deaths  recorded under I . C . D .  422 i n  1967. 

When t h e  Reg i s t r a r  General ( i n  S t a t i s t i c a l  Review, 1967, Commentary, 

p.  295) analysed t h e  changes e f f ec t ed  by t h e  8 t h  r e v i s i o n  of I . C . D .  he 

estimated t h a t  44.3% of male deaths  and 42.1% of female deaths  included 

i n  1967 under 422 of 7 t h  r e v i s i o n  would have been included under I . C . D .  

410-414 of t h e  8 t h  r ev i s ion .  The closeness  of t h e  two sets of percentages 

suggest t h a t  I . C . D .  422.1 of t h e  7 t h  r e v i s i o n  should,  as Wald has s t a t e d ,  

be regarded as having been included i n  410-414 of t h e  8 t h  r ev i s ion .  The 

- - 
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f i g u r e s  f u r t h e r  suggested t h a t  dea ths  which would have been 

c l a s s i f i e d  under I . C . D .  420 and 422.1 of t h e  7 t h  r e v i s i o n  toge the r  

formed a very l a r g e  proport ion of t h e  dea ths  recorded under 410-414 

of t h e  8 t h  r ev i s ion .  The r e l evan t  f i g u r e s  a r e  given i n  t a b l e s  

A.& & W. 

A . 5  The case f o r  combining I . C . D .  420 and 422.1 f o r  t h e  per iod 1950-67 

is strengthened by two f u r t h e r  cons ide ra t ions .  F i r s t l y ,  as age 

increased  t h e  dea ths  recorded under I .C .D .  422.1 increased  more 

r a p i d l y  than those  recorded under 420, and f o r  t h e  y e a r s  1951-60, 

t h e  numbers of deaths  of men and women aged 85+ recorded under 422.1 

exceeded those  recorded under 420. Secondly, during t h e  per iod 

1951-67, t h e  dea th  r a t e s  from d i seases  recorded under I . C . D .  422.1 

dec l ined  sharp ly  i n  both sexes a t  almost a l l  ages .  IR most age 

groups,  t h e  reduct ion  between 1951-55 and 1966-67 w a s  a t  least 50% 

and i n  t h e  60-69 age groups i t  was 70%. T h i s  sugges ts  t h a t  many 

dea ths  which would have been recorded under I . C . D .  422.1 i n  the 

e a r l y  p a r t  of t h e  per iod 1951-67 were inc reas ing ly  recorded under 

420 i n  l a te r  y e a r s ,  and t h a t  t h e  inc reas ing  dea th  r a t e s  reported 

from forms of h e a r t  d i sease  recorded under 420 during t h i s  per%&&:- 

were t o  some ex ten t  a s ta t i s t ica l  a r t e f a c t .  It w a s  t h e r e f o r e  

decided t o  d e f i n e  dea ths  from heart d i s e a s e  i n  the main t a b l e s  

(namely, tables 2.M & W) of t h i s  paper f o r  the yea r s  1951-67 as 

being t h e  dea ths  under I . C . D .  420 and 422.1 combined. T h i s  

procedure,  however, has increased  t h e  break i n  c o n t i n u i t y  of t he  

h e a r t  d i s e a s e  dea th  r a t e s  a t  1950, and f i g u r e s  p r i o r  t o  1951 have 

t h e r e f o r e  been omitted from t a b l e s  2.M & W. 

A.6 The d e f i n i t i o n  of s t roke  has a l s o  undergone s e v e r a l  changes. Under 

I . C . D .  83 of t h e  5 th  r ev i s ion  introduced i n  1940, t h e  d i sease  was 

def ined a s  i n t r a c r a n i a l  l e s i o n s  of vascu la r  o r i g i n ,  and the  dea th  

r a t e s  of t h e  yea r s  1946-49 a r e  based on t h i s  d e f i n i t i o n .  I n  the  

6 t h  r e v i s i o n  introduced i n  1950, the d e f i n i t i o n  w a s  enlarged t o  

vascu la r  l e s i o n s  a f f e c t i n g  the  c e n t r a l  nervous system and became 

I . C . D .  330-334. The d e f i n i t i o n s  and t h e  I . C . D .  numbers were not  

changed i n  t h e  7 t h  r e v i s i o n  but  w i t h  t h e  in t roduc t ion  of t h e  8 t h  

r e v i s i o n  i n  1968, t he  o f f i c i a l  d e f i n i t i o n  w a s  a l t e r e d  t o  

cerebrovascular  d i s e a s e ,  I . C . D .  430-438. These changes, however, 

appear t o  have had only minor e f f e c t  on t h e  c o n t i n u i t y  of t he  dea th  

r a t e s .  The  R e g i s t r a r  General provided f a c t o r s  i n  1967 f o r  convert ing 
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deaths  on t h e  o ld  d e f i n i t i o n  t o  deaths  on t h e  new d e f i n i t i o n .  It  

has been thought p re fe rab le  t o  adopt a d i f f e r e n t  procedure i n  t h i s  

paper.  I t  has been decided t o  accept t h e  breaks i n  the  con t inu i ty  

of the  death r a t e s  i n  1950 and 1968, and consequently t h e  average 

death r a t e s  have been presented on a temporal b a s i s  f o r  5-year o r  

s h o r t e r  du ra t ions  f o r  t h r e e  d i s c r e t e  per iods  ( i n  t a b l e s  3 . M  & W ) .  

On t h e  o t h e r  hand, t h e  dea th  r a t e s  of t he  d i f f e r e n t  cohor t s  a r e  

those  which were a c t u a l l y  recorded on t h e  b a s i s  of t he  

d e f i n i t i o n s  i n  opera t ion  i n  t h e  years  concerned. 

A.7 The death r a t e s  from b r o n c h i t i s  f o r  1946-49 i n  t a b l e s  4.M & W a r e  

based on the d e f i n i t i o n s  of b r o n c h i t i s  contained i n  I . C . D .  406 of 

t h e  5 th  r e v i s i o n  of I . C . D .  introduced i n  England and Wales i n  1940. 

The disease was r e c l a s s i f i e d  under I . C . D .  500-502 when the  6 t h  

r e v i s i o n  w a s  introduced i n  1950. T h i s  change appears t o  have had 

r e l a t i v e l y  l i t t l e  e f f e c t  on t h e  comparabi l i ty  of t h e  b r o n c h i t i s  

death r a t e s .  The 7 t h  r e v i s i o n  of the  I . C . D .  l e f t  the d e f i n i t i o n  

of b r o n c h i t i s  unchanged. The  8 t h  r e v i s i o n ,  introduced i n  1968, 

widened t h e  d e f i n i t i o n  of the d i sease  t o  inc lude  emphysema 

without b r o n c h i t i s  and asthma i n  I . C . D .  490-493, which c u r r e n t l y  

the re fo re  covers  b r o n c h i t i s ,  emphysema and asthma. As with the 

death rates from s t r o k e ,  i t  has been thought p r e f e r a b l e ,  w i t h  

t h e s e  changes of d e f i n i t i o n ,  t o  present  t h e  dea th  r a t e s  from 

b r o n c h i t i s  i n  t a b l e s  4.M & W ,  on both a temporal and a cohort  

b a s i s ,  and i n  the former t o  present  the f i g u r e s  i n  t h r e e  d i s c r e t e  

per iods  of comparabi l i ty .  
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Appendix B 

C iga re t t e  consumption es t imates  

Method of es t imat ing  c i g a r e t t e  consumption by age group i n  each y e a r  

B . l  The method used t o  estimate c i g a r e t t e  consumption per  adu l t  male and 

female f o r  each f i v e  year age group i n  each year  during t h e  per iod 

1935-72, when survey-based f i g u r e s  were not  a v a i l a b l e ,  has  been 

descr ibed in Smoking P a t t e r n s .  For convenience i t  is re-s ta ted  i n  

t h e  paragraphs which follow. 

B.2  The f i r s t  s t e p  was t o  es t imate  t h e  missing consumption p e r  head 

f i g u r e s  f o r  1946 and for 1948 onwards by assuming t h a t  t h e  r a t i o  of 

t he  c igaret te  consumption of a f i v e  year age group t o  a broader age 

group enclosing it i n  any year  w a s  t h e  same a s  t h e  r a t i o  which la te r  

ex i s t ed  i n  1966-72. For example, consumption by men i n  t h e  broad 

age group 35-49 was known f o r  t h e  years  1956-65. I t  was assumed, 

t h e r e f o r e ,  t h a t  t he  l e v e l s  of c i g a r e t t e  consumption p e r  adu l t  male 

f o r  the  35-39, 40-44, 45-49 age groups of t h e  35-49 age group during 

the years  1956-65 bore the  same r a t i o  t o  each o the r  a s  they la te r  

bore during 1986-42. 

B . 3  Estimates  of t he  numbers of manufactured c i g a r e t t e s  smoked pe r  adu l t  

male and female by the  age groups 16-19, 20-24, 25-29, 30-34, 35-59 

and 60+ during the years  1935-45 and 1947 had been prepared by 

D.H. Beese i n  1958. These es t imates  were the re fo re  extended using 

t h i s  cons tan t  r a t i o  assumption. E s t i m a t e s  were given i n  Smoking 

P a t t e r n s  of t he  c i g a r e t t e  consumption per  adu l t  f o r  each f i v e  year  

age group of men and women f o r  each year  from 1935-1972. 

B.4 In order  t o  produce t h e  f i g u r e s  requi red  i n  Smoking P a t t e r n s ,  i t  had 

been necessary a l s o  t o  e s t ima te  t h e  number of c i g a r e t t e s  smoked pe r  

head pe r  yea r  from age 16 onwards during t h e  years before  1935 by men 

born i n  1900 and by men and women born i n  1910. 

it was assumed t h a t  consumption p e r  a d u l t  by t h e  age group concerned 

bore the  same r a t i o  t o  consumption pe r  a d u l t  f o r  a l l  age groups aged 

15+ i n  t h e  years  p r i o r  to 1935 a s  they bore during 1935-39. 

of consumption by  men and women sepa ra t e ly  aged 15 and over from 1920 

onwards are shown i n  S t a t i s t i c s  of Smoking i n  the  United Kingdom. 

For t h i s  purpose,  

Est imates  
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B.5 For t h e  yea r s  before  1920, when es t ima tes  of t he  weight of tobacco 

smoked i n  t h e  form of c i g a r e t t e s ,  but  no t  t h e  number of c i g a r e t t e s ,  

were a v a i l a b l e  it was assumed t h a t  during t h e  years 1905-1919 t h e  

b\weight of tobacco pe r  1,000 c i g a r e t t e s  s o l d  i n  t h e  U . K .  would have 

1 averaged about 2.2 l b s  i n  each yea r .  This  f i g u r e  was t h e r e f o r e  used 

1- i n  Smoking P a t t e r n s  t o  convert  t h e  estimates i n  weight t o  number of 

c i g a r e t t e s  back t o  1905. The numbers of c i g a r e t t e s  so obtained were 

then divided by the  U . K .  a d u l t  male populat ion.  Since women d i d  not  

s t a r t  smoking manufactured c i g a r e t t e s  i n  s i g n i f i c a n t  q u a n t i t i e s  u n t i l  

1921, it could be assumed t h a t  a l l  t he  c i g a r e t t e s  consumed before  

t h i s  yea r  were smoked by men. 

B.6 For t h e  purposes of t h e  present  paper it was necessary t o  extend the  

estimates of t h e  numbers of c i g a r e t t e s  smoked from 1905 back t o  

1888 when men f i r s t  s t a r t e d  t o  smoke manufactured c i g a r e t t e s  i n  

q u a n t i t i e s  which exceeded 100,000 lbs per  annum. I t  w a s  again 

assumed that  t h e  weight of tobacco pe r  1,000 c i g a r e t t e s  averaged 

2.2 l b s  i n  each year .  The e s t ima tes  of t h e  t o t a l  number of 

c i g a r e t t e s  consumed were then d iv ided  by t h e  U.K.  male populat ion 

aged 15 and over  i n  each yea r .  

B.7 I t  w a s  f u r t h e r  assumed t h a t ,  f o r  any y e a r  be fo re  1935, a reasonable  

estimate of consumption per  head by each age group could be obtained 

by applying t o  t h e  t o t a l  consumption f o r  t h a t  yea r  t h e  propor t ion  

which consumption by each age group i n  1935-39 bore t o  t o t a l  

consumption. 

t h e  n e a r e s t  50 c i g a r e t t e s .  S imi l a r  e s t ima tes  w e r e  made €or 

c i g a r e t t e  consumption p e r  head by age group f o r  women f o r  t h e  yea r s  

1921-1934. I n  add i t ion ,  the estimates of c i g a r e t t e  consumption f o r  

men and women f o r  t h e  years  1935-72 published i n  Smoking P a t t e r n s  

were up-dated t o  1975. The complete series of c i g a r e t t e  consumption 

p e r  a d u l t  by age group f o r  men from 1888-1975 is  shown in t a b l e  B.1M 

and the  corresponding f i g u r e s  f o r  women from 1921-1975 i n  t a b l e  B.1W. 

These es t imates  p e r  year  p e r  age group were rounded to. 

Correc t ing  f o r  v a r i a t i o n  i n  t a r  y i e l d s  of c i g a r e t t e s  

B.8 The next  s t e p  w a s  t o  convert  t h e  estimates from the  cu r ren t  c i g a r e t t e  

b a s i s  t o  t h e  cons tan t  t a r  b a s i s ,  a s  def ined  e a r l i e r  i n  paragraph 3.1, 

by applying t h e  ind ices  of t a r  pe r  c i g a r e t t e  given i n  t a b l e  B.2, 

which a r e  based on da ta  suppl ied  by the c i g a r e t t e  m-*ifacturers. 
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The r e s u l t i n g  es t imates  of c i g a r e t t e  consumption on a constant  tar 

b a s i s  a r e  given i n  t a b l e s  B.3M & W. 

B.9 The e s t ima tes  of average t a r  and n i c o t i n e  d e l i v e r i e s  per  c i g a r e t t e  

of t he  c i g a r e t t e s  smoked i n  the  U . K .  from 1965 t o  1973, which were 

published i n  Smoking P a t t e r n s  ( t a b l e s  8 and 9), a r e  extended t o  

1975 i n  t a b l e  B.2 ,  and f u r t h e r  extended i n  t a b l e  B.4  t o  g ive  the  

average t a r  and n i c o t i n e  d e l i v e r i e s  f o r  p l a i n  and f i l t e r  c i g a r e t t e s  

s epa ra t e ly  from 1965 onwards. I t  has t o  be emphasised, however, 

t h a t  these a r e  averages pe r  c i g a r e t t e ,  and t h a t  i n  consider ing the  

average t a r  and n i c o t i n e  in t ake  p e r  smoker o r  per  a d u l t ,  it is  

necessary t o  t ake  i n t o  account t h e  average number of c i g a r e t t e s  

smoked pe r  head. 

B.10 The measurement of t a r  and n i c o t i n e  y i e l d s  of t h e  smoke of 

commercial brands of c i g a r e t t e s  on a sys temat ic  b a s i s  s t a r t e d  only 

about 1963-65 ( the  f i g u r e s  f o r  1964 d id  not  d i f f e r  s i g n i f i c a n t l y  

from those  of 1965) ,  and t h e  only d a t a  w e  have a v a i l a b l e  before  t h a t  

per iod is d i f f i c u l t  t o  i n t e r p r e t ,  being based on t w o  a i r - t i g h t  tins 

of c i g a r e t t e s  about 40 yea r s  old discovered i n  1973. T h i s  d a t a  i s  

considered ‘ l a t e r  (Appendix C ) ,  but  w e  have a t t s ched  more weight t o  

what can be deduced from the r a t h e r  more s u b s t a n t i a l  evidence 

t h a t  is  a v a i l a b l e ,  a s  descr ibed i n  the fol lowing paragraphs,  including 

t h a t  about t he  weights of tobacco smoked per  c i g a r e t t e .  

B . l l  The average weight of tobacco p e r  1,000 p l a i n  and f i l t e r  c i g a r e t t e s  

can be ca l cu la t ed  from f i g u r e s  published i n  Todd (1972) ,  and t h e  

r e s u l t i n g  t o t a l s  back t o  1920 a r e  given i n  t a b l e  B . 4 .  These 

f i g u r e s ,  however, r e l a t e  t o  t h e  weights of tobacco i n  the  c i g a r e t t e s  

as manufactured, and what a r e  required a r e  e s t ima tes  of t he  average 

weights of tobacco smoked i n  p l a i n  and f i l t e r  c i g a r e t t e s  r e spec t ive ly .  

Allowance has  the re fo re  t o  be made f o r  t h e  amounts of tobacco i n  

the  discarded c i g a r e t t e  b u t t s .  Surveys of t h e  b u t t  l engths  l e f t  by 

smokers of t h e  d i f f e r e n t  types of c i g a r e t t e s  then on t h e  market were 

car red  out  on behalf of the Tobacco Research Council i n  1958, 1962 

and 1972. The r e s u l t s  of the surveys i n  1958 and 1962 were published 

by Todd (1963) ,  and t h e  r e s u l t s  of the  1972 survey a r e  summarised i n  

t a b l e  B.5 .  The 1972 survey was t h e  most comprehensive survey and 

showed t h a t ,  a t  t h a t  t i m e ,  about 70% of the tobacco i n  p l a i n  

c i g a r e t t e s  and about 88% of the tobacco i n  f i l t e r  c i g a r e t t e s  (on a 
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sales-weighted b a s i s )  was smoked. The r e s u l t s  of t h e  surveys i n  

1962 and i n  1958 d id  not  d i f f e r  s i g n i f i c a n t l y  from t h e  1972 

estimates. I t  was t h e r e f o r e  decided t o  t a k e  70% and 88% as 

represent ing  t h e  propor t ions  of tobacco i n  p l a i n  and f i l t e r  

c i g a r e t t e s  r e spec t ive ly  which were smoked i n  each year .  The 

r e s u l t i n g  average weights of tobacco smoked p e r  1,000 c i g a r e t t e s  

a r e  included i n  t a b l e  B.4. As w i l l  be seen ,  the average weight 

of tobacco smoked pe r  1,000 c i g a r e t t e s  i n  1965 w a s  1.55 l b s . ,  and 

t h e  h ighes t  f i g u r e  prev ious ly  recorded w a s  1 .57  l b s .  

B.12 A change which might have been expected t o  have had an e f f e c t  on t h e  

t a r  de l ive ry  of B r i t i s h  c i g a r e t t e s  s ince  1920 i s  t h e  reduct ion  i n  

the t e x t u r e  and body of U . S .  flue-cured tobacco duing t h e  per iod 

1935-65. This  reduct ion  has  a l ready  been r e f e r r e d  t o  i n  paragraph 

3.5 and w a s  brought about by the farmers p l ac ing  the p l a n t s  more 

closely toge the r  and applying inc reas ing  q u a n t i t i e s  of f e r t i l i z e r .  

However, the reduct ion  i n  t h e  average tar  d e l i v e r y  p e r  leaf  would 

have been o f f s e t  t o  some ex ten t  by t h e  inc rease  i n  t h e  number of 

l eaves  requi red  t o  make up a g iven  weight of tobacco,  so t h e  

o v e r a l l  e f f e c t  on t a r  d e l i v e r y  pe r  weig&?&-tobacco smoked may not  

have been marked. 

B . 1 3  Ca lcu la t ion  of CCTCC f i g u r e s  from annual components 

The f i n a l  stage i n  c a l c u l a t i n g  t h e  CCTCC f i g u r e s  of t a b l e s  5.M and 

5.W w a s  t o  accumulate consumption over t i m e  f o r  t h e  va r ious  cohor t s  

us ing  as b a s i c  data t h e  consumption by age group f i g u r e s  from 

t a b l e s  B.3M and B.3W f o r  1965 onwards and those  from t a b l e s  B.1M and 

B.1W before  1965. The  method of accumulation used i n  t h i s  paper is 

somewhat d i f f e r e n t  from t h a t  used i n  Smoking P a t t e r n s .  In  Smoking 

P a t t e r n s ,  s i n g l e  year  cohor t s  were followed through and CCTCC 

ca l cu la t ed  up t o  t he  end of an age group. I n  t h i s  paper CCTCC 

e s t ima tes  were ca l cu la t ed  i n  such a way as t o  make them d i r e c t l y  

comparable with t h e  m o r t a l i t y  f i g u r e s .  

B.14 The clearest way t o  i l l u s t r a t e  t h e  method of c a l c u l a t i o n  used i s  by 

an example. In t a b l e  l . M  the  male death rate from lung cancer of 

367.3 f o r  t h e  60-64 age group f o r  t he  cohort  w i t h  c e n t r a l  d a t e  of 

b i r t h  January l s t ,  1901 was ca l cu la t ed  by averaging the f i v e  death 

rates f o r  60-64 year o lds  for the f i v e  s e p a r a t e  y e a r s ,  1961, 1962, 
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1963, 1963 and 1965. As i l l u s t r a t e d  in figure 1, t h i s  procedure 

involves  people  born over 8 10  pear p e r i o d ,  ~ Z O Q  Janua,7 lst, 1896 

to J a n u ~ r y  1st , 1906 ( z c t u a l l p ,  Decenber 31st, 1905) . Ia f igure  1, 

the d a t a  r e l a t i n g  t o  a p a r t i c u l z r  cohor t  is r e p r e s e n t e d  iz t A e  r o l ~  

of figures o p p o s i t e  t h e  d a t e  or' b i r t b ,  tbe d a t a  r e l a t i n g  t o  a 

p a r t i c u l a r  age ia t h e  column of  f i g u r e s  below ;he age, and the d a t a  

for 2 p a r t i c u l a r  ca lendar  yea r  i n  t h e  a p p r o p r i a t e  upvard d i a g 9  -6 1. 

The popula t ion  considered in t h e  s o r t a l i t y  e s t i x a t e s  a r e  t h o s e  

people f a l l i n g  v i t h i n  tke diamond r'orsed by t h e  heavy l i n e s .  

there are slight v a r i a t i o n s  i n  popula t ion  d i s s r i b u t i o n  by cohorT 2nd 

by age w i t h i n  t h e  diamond, t h e s e  have been ignored in t h e  estimates 

and t h e  average CCTCC p e r  a d u l t  h a s  been comguted assumicg the 

a d u l t s  t o  have been u n i f o m l y  distributed o v e r  t h e  diamond. 

Although 

8.13 C a l c u l a t i o n  of the CCTCC for t h e s e  diamonds 72s complsv and d e t a i l s  

or' t h e  d e r i v a t i o n  of t h e  f o r z u l 2 e  used are a v a i l a b l e  on r e q u e s t .  

Fo r  p r e s e n t  puqoses ,  it is s u l f i c i s n t  to. i l l u s t r a t e  p a r t  of t h e  

c a l c u l a t i o n s  f o r  t h i s  p a r t i c u l a r  diamond. 

a) C o n t r i b u t i o n  of corrsunption a t  q e  15-19 t o  CCTCC 

# 

Ye- 

1912 

1913 

1914 

191 5 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

.. .- Consung t ion C o e f f i c i e n i  P r  oduc t 

750 

800 

850 

1000 

1000 

1100 

1130 

1450 

1350 

12 so 
1200 

11 30 

1200 

1300 

1 7 50 

7 5600 

16130 19 

37 37000 

60 60000 

64 

- 
90200 

94 82 4A 108100 

94 ' 

82 

60 

37 

-- 

19 i 17 

1 c--- 

7 

b 0 C  

T o t a l  

136300 

110700 

75000 

44400 

21830 

8400 

1300 

715750 

Contr ibut ion  = Totz1/150 = 4771.67 



FIGURE 1 
. -  

Cohorts represented in CCTCC and mortality estimates, 

Date of birth 
Jan. 1 1896 

1897 

1898 

1899 
--- .. 

1900 

1907 

1902 

1903 

1904 

1905 

59 60 61 62 63 64 6 5 .  

1906 
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b) Contribution of consumption at age 20-24 to CCTCC 

Year Consumption Coefficient Product 

1916 1900 

1917 2050 

1918 2100 

1919 2750 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

. _._ 

. .- 

2500 

2400 

2250 

2200 

2300 

2450 

2 500 

2650 

I 

‘, ’ 
7’ 

19 

37 

’ .  

_ _  

61 

8s 
- i’r( 

106 
7 

112/ . 
5’0” 

106 

88 -- 
61 

37 
, 

1900 

14350 

39900 

101750 

152500 

211200 

238500 

246400 

243800 

215600 

152500 

98050 
‘2 

1928 2800 19 e( 53200 

1929 2900 7 20300 

1930 3050 1 3050 

$7 Total 1793000 

Contribution =&ota1/150 = 11953.33 

c) Contribution of consumptions at age 25-29, 30-34, 35-39, 40-44, 
45-49, 50-54, 55-59 to CCTCC 

The method of calculation for these age groups was identical and 

the coefficients were the same as those for the 20-24 age groups 

except that the range of years was progressively shifted 5 years 

., on with each successive age group, e.g. for the 25-29 age group 
? 
‘the range was 1921 to 1935 and so  on up to 1951 to 1965 for the 

55-59 age group. 
L 

d) Contribution of consumptions at age 60-64 to CCTCC 

Year Consumption Coefficient Product 

1956 3600 14 50400 

1957 3750 38 142500 

1958 3300 56 184800 
2S.D 

1959 3650 

1960 3650 

1961 3850 

1962 3250 

68 248200 

74 

6 1  
& 

270100 

234850 

3 7‘ 120250 

Y 
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Year Consumption Coef f i c i en t  Product 

1963 3600 

1964 3150 

1965 2900 

68400 

7 22050 
( Z  5 19 

2900 

&Total 1344450 

Cont r ibu t ion  = Tota l / l50  = 8963.00 

F i n a l l y  a l l  t h e  con t r ibu t ions  were added up and divided by 1,000 

t o  g ive  t h e  f i g u r e  i n  t a b l e  l.M of 171. The accumulations a s  

c a r r i e d  out  w e r e  based on t h e  d e t a i l e d  consumption f i g u r e s  before  

they w e r e  rounded t o  t h e  nearest ,  50. 

B.16 For any diamond covering a f i v e  year age group anywhere from 20-24 

up t o  80-84 the procedure was s i m i l a r .  Three  sets of c o e f f i c i e n t s  

were used;  one f o r  the age group 15-19 ( i n  which i t  was assumed no 

c i g a r e t t e s  were smoked a t  age 15) a s  i n  a ) ,  one f o r  each f i v e  y e a r  

age group front 20-24 up t o ,  bu t  not inc luding ,  t h e  a c t u a l  age group 

of t h e  diamond as i n  b) and c ) ,  and one r e l e v a n t  t o  t h e  age group 

of t h e  diamond. For a diamond a c t u a l l y  covering t h e  fou r  yea r  age 

group 16-19:-a f o u r t h  set of c o e f f i c i e n t s  w a s  necessary ,  namely, 

1 ,7 ,19 ,37 ,48 ,47 ,41 ,29  and 11. These covered t h e  yea r s  from t h e  

cohort  c e n t r a l  year  +11 up t o  t h e  cohort  c e n t r a l  year  +19. 
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Year 
- 

1965 

66 

67 

68 

69 

1970 

71 

72 

73 

74 

1975 

Note 

--- 

TABU B.2 

Indices  of standard tar and n i c o t i n e  per c i g a r e t t e ,  

1965 - 75 

Index of standard 
tar per c i g a r e t t e  

100 

96 

83 

76 

76 

72 

68 

65 

60 

58 

/ 

57 

Index of standard 
n i c o t i n e  per c i g a r e t t e  

100 

96 

88 

83 

80 

75 

73 

71 

69 

66 

65 

a For years pr ior  t o  1965, i t  i s  assumed, f o r  reasons s t a t e d  i n  paragraphs 

B.10 t o  B.12, that  the  index of standard tar  d id  not d i f f e r  s i g n i f i c a n t l y  

from 100. 
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Appendix C 

The evidence of Gold Flake c i g a r e t t e s  

C . l  In  1973, t w o  a i r - t i g h t  t i n s  of 50 Gold Flake c i g a r e t t e s  were discovered 

i n  t h e  i n d u s t r i a l  archives  of t h e  Imperial  Tobacco Company. One t i n  

was opened and the c i g a r e t t e s  machine-smoked. The c i g a r e t t e s  were 

i d e n t i f i e d  as having been manufactured i n  August 1933 o r  1936 - i t  

w a s  n o t  p o s s i b l e  t o  decide which - and were t h e r e f o r e  regarded as having 

been made "about 1935". When smoked i n  accordance with the p resen t  

smoking parameters l a i d  down by the Department of Health and S o c i a l  

S e c u r i t y ,  t h e  c i g a r e t t e s  de l ive red  an average of 38.7 mg t a r  and 

3 .6  mg n i c o t i n e  and thus had a t a r / n i c o t i n e  r a t i o  of 10.8.  The 

c i g a r e t t e s  were 74 mm i n  l eng th ,  contained 1.11 g of tobacco and were 

smoked t o  t h e  s p e c i f i e d  b u t t  l ength  i n  an average of 10.7 puf fs  of 

35 m l  each. 

C.2 In t h e  mid-l930's, Gold Flake c i g a r e t t e s  were longer than t h e  average 

of a l l  B r i t i s h  c i g a r e t t e s .  A s  s t a t e d  i n  Smoking P a t t e r n s ,  t h e  averages 

f o r  a l l  B r i t i s h  c i g a r e t t e s ,  on t h e  bas i s  of the Gold Flake f i g u r e s ,  

might have been about 32.8 mg tar  and 3.0 mg n i c o t i n e .  On t he  procedure 

adopted i n  t h i s  paper ,  it w a s  assumed t h a t  t h e  average t a r  de l ive ry  

of B r i t i s h  c i g a r e t t e s  i n  1935, as i n  a l l  years  p r i o r  t o  1965, was 

31.4 mg. Judged by t h i s  one t i n  of 50 c i g a r e t t e s ,  t h e  Gold Flake 

f i g u r e s  of about 1935 were ZTmilar to t h i s  assumed f i g u r e .  

(2.3 The second t i n  of 50 Gold Flake c i g a r e t t e s  w a s  i d e n t i f i e d  as having 

been manufactured during the  w a r  - t h e  exac t  year  could not  be  

a sce r t a ined  - and t h e  c i g a r e t t e s  were machine-smoked i n  August 1976. 

They produced r e s u l t s  which d i f f e r e d  m a t e r i a l l y  from those of t h e  

e a r l i e r  c i g a r e t t e s .  The wartime Gold Flake c i g a r e t t e s  de l ive red  an 

average of 49.1 mg t a r ,  3.26 mg n i c o t i n e  and had a t a r / n i c o t i n e  r a t i o  

of  15.1.  The c i g a r e t t e s  had an average length  of 73.2 mm, contained 

1.11 g of tobacco and were smoked i n  an average of 12.3 pu f f s .  The  

t a r  f i g u r e  of t h e  wartime Gold F l a k e  c i g a r e t t e s  would imply  t h a t  t h e  

average tar de l ive ry  of a l l  B r i t i s h  c i g a r e t t e s  a t  t h a t  time was about 

45 mg p e r  c i g a r e t t e .  T h i s  f i g u r e  would b e  s e r i o u s l y  i n c o n s i s t e n t  with 

t h e  assumption t h a t ,  p r i o r  t o  1965, t h e  average t a r  de l ive ry  p e r  

c i g a r e t t e  was 31.4 mg. 
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C . 4  There are i nev i t ab ly  d i f f i c u l t i e s  i n  basing estimates of t h e  t a r  

de l ive ry  of a brand of c i g a r e t t e s  on one t i n  of 50 c i g a r e t t e s  which 

has happened t o  surv ive .  The  surv iv ing  c i g a r e t t e s  may no t  o r i g i n a l l y  

have been a r ep resen ta t ive  sample of t h e  year 's  output. '  In  addi t ion ,  

i t  i s  impossible t o  know what chemical and phys ica l  changes may have 

taken p lace  i n  c i g a r e t t e s  s t o r e d  f o r  40 o r  more yea r s ,  and how these  

changes may have a f f ec t ed  t h e  d e l i v e r i e s  of t a r  and n i c o t i n e  when the  

c i g a r e t t e s  were eventua l ly  smoked. 

C.5 Fur the r ,  owing t o  t h e  d i f f i c u l t i e s  of manufacture i n  w a r t i m e ,  t h e  

c i g a r e t t e s  made at  that  t i m e  a r e  l i k e l y  t o  have d i f f e r e d  i n  some 

respec ts  from pre-war c i g a r e t t e s .  

C . 6  A l l  measurements of t a r  and n i c o t i n e  d e l i v e r i e s  quoted i n  t h i s  paper 

were determined us ing  t h e  present  parameters f o r  machine-smoking of 

c i g a r e t t e s  l a i d  down by t h e  Department of Heal th  and S o c i a l  Secur i ty .  

These parameters are designed t o  s imulate  those  used on the average 

by human smokers i n  the  U . K .  a t  t h e  present  t i m e .  I t  is impossible 

t o  know how f a r  these  p a r t i c u l a r  parameters are r ep resen ta t ive  of 

those employed by smokers of B r i t i s h  c i g a r e t t e s  i n  the  years  p r i o r  

t o  the l a s t  war. For example, there i s  some evidence - that  before  

t h e  war, B r i t i s h  c i g a r e t t e s  had higher  draw r e s i s t a n c e  than t h e y  

now have, and t h i s  could have l ed  t o  them being smoked w i t h  a smaller 

puff volume than ,  s a y ,  t h e  c i g a r e t t e s  of 1965. 

These d i f f i c u l t i e s  i n  i n t e r p r e t i n g  the  r e s u l t s  of tests of  c i g a r e t t e s  

manufactured many years ago l e d  us t o  adopt t h e  procedure f o r  

es t imat ing  tar  d e l i v e r i e s  descr ibed i n  t h i s  paper.  W e  have compared 

the r e s u l t s  obtained from the  assumptions which w e  have made with 

those produced by a number of a l t e r n a t i v e  assumptions and formulations.  

. -  
.. ._ - 

C . 7  

We be l i eve  t h a t ,  i f  t h e  t r u t h  could be known, t h e  assumptions w e  have 

made would n o t  be found t o  be s e r i o u s l y  inaccura t e .  
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