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1. Introduction 

Following the publication of t he  latest  Royal College of Physicians 

Report on Smoking and Health (R.C.P., 1977), considerable a t ten t ion  waa 
given in the press,  both i n  the United Kingdom and abroad, t o  the claim 

contained in it that  "on average the t i m e  by which a habitual c iga re t t e  

.smoker's l i f e  is  shortened is about 53 minutes f o r  each c iga re t t e  smoked - 
which is not mu.& less than the t i m e  he spends smoking it." 

waa f i r s t  made by Diehl (l969), who based h i s  ca lcu la t ions  on t ab les  

provided by Hammond (1969) giving the  lo s s  of l i f e  expectancy of U.S. 

men of various ages smoking d i f f e ren t  numbers of c igare t tes .  

This claim 

Such a claim refers t o  only one of many d i f f e r e n t  ways i n  w h i c h  the 

loss of l i f e  due t o  smoking can be quantified.  The a i q o f  t h i s  paper is 

t o  look generally a t  a l t e rna t ive  methods for estimating loss of l i f e  

i n  r e l a t ion  t o  a disease or t o  a f ac to r  causing it ,  and to apply the ones 

thought most u se fu l  t o  obtain estimates relevant t o  the population o f  

England and Wales of the loss of l i f e  due t o  smoking and t o  diseases 

associated w i t h  i t .  

This paper starts, i n  Section 2, by looking a t  t h e  theorp behind 

estimation of loss of l i f e  in the experimental s i t ua t ion .  The concept 

of the l i f e  table is introduced and the advantages and disadvantages of 

a number of a l t e rna t ive  s t a t i s t i c s  describing differences i n  survival 

between exposed and non-exposed groups are discussed. 

data on the  re la t ionship  between smoking and mor ta l i t ya reco l l ec t ed  

observationally rather than experimentally. 

co l lec t ing  relevant d a t a  a re  discussed i n  Section 3 along with the 

assumptions required i n  extrapolating r e s u l t s  obtained t o  the current 

smoker in England and Wales. 

are available (Section 4) ,  calculations of t h e  l o s s  of l i f e  due t o  

In prac t ice ,  human 

The problems involved i n  

Following discussion of what data ac tua l ly  

smoking and some smoking-associated diseases are made i n  Section 5 .  

The conclusions of the  paper are discussed i n  Section 6 and 

summarized i n  Section 7 .  

. 
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2 .  Estimation of loss  of l i f e  i n  the experimental s i t u a t i o n  

2.1 Tne two group experiment 

Idea l ly ,  t o  determine t h e  l o s s  of l i f e  r e l a t ed  t o  a p a r t i c u l a r  

f a c t o r ,  one would l i k e  t o  take a population and randomly a l loca te  

i t  i n t o  two groups. One group would then be exposed t o  the f a c t o r  

of i n t e r e s t  while  the o ther  group would not .  The mortal i ty  of each 

group would then be monitored f o r  the rest of i ts  l i f e  by-not ing the  

t i m e  a t  w h i c h  each member d i ed .  S t a t i s t i c s  descr ibing t h e  d i f fe rence  

between the mor ta l i ty  experience of the two groups would then be 

computed and could be taken t o  b e  re levant  t o  t h e  effect the  f a c t o r  

would have on the  lo s s  of l i f e  of o the r  people typ ica l  of the o r i g i n a l  

population. 

In t h e  real world, such an experimental approach is  only usual ly  poss ib le  

w i t h  animals so t h a t  f o r  humans inferences have t o  be made about t h e  e f f e c t s  

of p a r t i c u l a r - f a c t o r s  from o the r  types of data. The  problems involved and 

assumptions required t o  m a k e  such inferences a r e  discussed l a t e r  (Section 

3); f o r  the  moment our i n t e r e s t  i s  centred on what a r e ,  and a r e  not ,  

useful  s t a t i s t i c s  t o  describe the e f f e c t  of a f a c t o r  on morta l i ty  and 

f o r  t h i s  i t  is  convenient t o  s t ay  w i t h  our  i d e a l  s i t u a t i o n .  To f u r t h e r  

s implify discussion of method w e  assume, f i r s t l y ,  t h a t  exposure t o  t h e  

f a c t o r  of i n t e r e s t  is a t  a regular  r a t e  throughout l i fe t ime,  and, 

secondly, t h a t  a l l  the members of the  o r i g i n a l  population a re  a l l  of t h e  

same age a t  t h e  beginning of the experiment. 

2.2 Functions descr ibing su rv iva l  

Survival  data measure t i m e  t o  death.  The  d i s t r i b u t i o n  of 

surv iva l  times can be character ized by three equivalent funct ions 

(Gross and C l a r k ,  1975): 

a )  Death Density Function f ( t )  

f ( t ) d t  is the  probabi l i ty  t h a t  a person w i l l  d i e  i n  the t i m e  

i n t e r v a l  ( t ,  t d t ) .  I f  w e  assume that the  experiment starts 

a t  t i m e  zero i t  follows t h a t  

f (t) is non-negative. 
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Survivorship Function S ( t )  

S ( t )  is the p robab i l i t y  that  a person w i l l  su rv ive  t o  a t  l e a s t  

t i m e  t ( t > O ) .  I t  follows tha t  

S ( t )  = f ( T ) d T  5: 
and tha t  .. . f ( t )  = -S'(t) 

S ( t )  is a non-negative decreasing func t ion  s t a r t i n g  from 1 a t  

t i m e  zero. 

c) Hazard Function X ( t )  

X(t)dt  is  the p robab i l i t y  that  a person w i l l  d i e  i n  the t i m e  

i n t e r v a l  ( t ,  t + d t )  g iven  he has survived t o  t i m e  t .  This 

func t ion ,  which is a l s o  known as the  f a i l u r e  rate,  the fo rce  of 

mor ta l i t y  o r  the incidence r a t e ,  s a t i s f i e s  t he  condi t ion 

X ( t )  is non-negative but  may be  increas ing  (such as  i n  t h e  
k Weibull d i s t r i b u t i o n  X ( t )  = b t  where b and k are cons tan ts ) ,  

constant  (such as  i n  the  exponential  d i s t r i b u t i o n  X ( t )  = a) 

o r  have o t h e r  more e r r a t i c  shapes. 

I 

2.3 Cohort l i f e - t a b l e  

For absolute  p rec i s ion  one observes,  a s  mentioned above, the  ac tua l  

t i m e  a t  which deaths occur.  In p r a c t i c e ,  e spec ia l ly  f o r  human popu- 

l a t i o n s ,  i t  is usua l ly  convenient t o  group the  data i n t o  c e r t a i n  

defined t i m e  i n t e r v a l s  r a t h e r  than ac tua l  po in t s  of t i m e .  W e  s h a l l  

assume, f o r  our purposes t ha t  t h e  da t a  we have f o r  each group cons i s t s  

of information r e l evan t  t o  n time i n t e r v a l s  (i = 1, .... n) as  follows: 

Age of population a t  beginning of i n t e r v a l  i ti 

Ai 

Di 

Li 

'i 

'Number a l i v e  a t  beginning of i n t e r v a l  i 

Number dying from a l l  causes i n  i n t e r v a l  i 

Number dying from a p a r t i c u l a r  cause of i n t e r e s t  i n  i n t e r v a l  i 

"Midpoint" of i n t e r v a l  i .  
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Such information is known as a life-table. According t o  the  

nomenclature of Gross and C l a r k  (1975), t h e  p a r t i c u l a r  type of l i fe -  

table w e  a r e  deal ing with here  i s  a cohort l i f e - t a b l e ,  a "cohort" 

being a group of individuals  born a t  about t h e  same t i m e .  Later on 

(Section 3.5) ,  w e  consider 0ther:forms of l i f e  ' t ab l e .  - 

W e  note  t h a t ,  because w e  have assumed a l l  people are followed u n t i l  

Y i ,  t h e  
*. I 

death,  Ai - Di - - Ai + 

"midpoint" of i n t e r v a l  i ,  can u s u a l l y ,  i f  t h e  i n t e r v a l  is  s u f f i c i e n t l y  

s m a l l ,  b e  taken as  the ac tua l  midpoint of t he  age-interval considered. 

If more accurate  answers a re  required the  ac tua l  average age a t  which 

deaths i n  t h e  i n t e r v a l  occur should be subs t i t u t ed .  

S ( t  ) t h e  survivorship function a t  age ti. 

f o r  a l l  i and t h a t  t,, = 0 and An = Dn. 

Pi = Ai/A1 estimates 

i 

Description of t h e  mor ta l i ty  of a population by l i f e - t ab le s  has a 

long h i s to ry  da t ing  back t o  the  pioneer work of Ha l l ey  (1693 - s i c ) .  

Mortal i ty  ind ica to r s  i n  general  have been reviewed i n  the  l i t e r a t u r e  

on a number of occasions (e.g. Woolsey (1943), Haenszel (19501, Logan 

and Benjamin (19531, Kitagawa (1966), Benjamin and Haycocks (1970), 

Romeder and McWhinnie (1977)). In t h i s ,  and t h e  sec t ions  t h a t  follow, 

w e  d i scuss  t h e  merits of a number of s t a t i s t i c s  t h a t  have been suggested 

t o  summarize t h e  main f ea tu res  both of the  information contained i n  a 

l i f e - t a b l e  and of t he  d i f fe rences  between the  two l i f e - t ab le s  being 

compared. W e  s ta r t  by looking a t  some of t he  more simple s t a t i s t i c s  

t h a t  have been employed i n  t h e  pas t .  

2.4 Measures of t he  proportion dying 

One obvious type of s t a t i s t i c  t o  look a t  is t h e  proport ion dying. 

C l e a r l y  i f  one is looking a t  t o t a l  mor ta l i ty  then t h e  proportion . 

dying over t h e  whole experiment w i l l  b e  100% and w i l l  o f f e r  no dis-  

cr iminat ion between the  groups. However i t  can be use fu l  t o  compare 

t h e  proportion dying between two p a r t i c u l a r  t i m e  po in ts  t 

e spec ia l ly  i f  t h e  t i m e  period represents ,  i n  some sense,  "premature" 

deaths. 

and tk, 
j 

This s t a t i s t i c ,  Q,, is defined by 

I f  one i s  in t e re s t ed  i n  mortal i ty  from a p a r t i c u l a r  cause then 

the  t o t a l  proportion dying from t h i s  cause 
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= (; Li) /A1 
Q2 i=l 

- .  
can g ive  some ind ica t ion  of the magnitude of the  problem caused by the 

disease. I t  i s ,  however, l imi ted  i n  its usefulness  by the f a c t  t h a t  

i t  gives  no information as to-when the deaths occur.  

There are two o the r  types of i n d i c a t o r  w h i c h  have the same object ion 

that  they concentrate  on numbers of deaths and ignore when deaths occur. 

The first of these a r e  s tandardised death r a t e s .  They can be ca lcu la ted  

by two methods, the  d i r e c t  and the  i n d i r e c t  method. 

t he  r a t e ,  Q 

w i t h  t he  weights represent ing  the populat ions in each age-group i n  some 

s tandard population. 

In the  direct method, 

is  a weighted sum of t he  ind iv idua l  crude death rates ( R i ) ,  3' 

Thus, i f  wi a r e  the weights,  Q3 is  defined by 

n 
Q, = 2 WiRi  

i-1 

In the  i n d i r e c t  method, t h e  number of deaths  from the cause of 

i n t e r e s t  observed (Oi l  i n  an i n t e r v a l  is compared w i t h  t h a t  expected (Ei) 

i f  some s tandard death rates (€2, ) from the cause had ex i s t ed .  The sum 
* 

of deaths  observed from 

t o  give a 'Standardized 

A 

a l l  i n t e r v a l s  is divided by the t o t a l  expected 

Mortal i ty  Ra t io ' ,  Q4. Q4 is  defined by 

n .  n 

* n n 

i=l Ei i=l 

A problem w i t h  both these i n d i c a t o r s ,  as was pointed out by 

Yerushalmy (1951), is t h a t  they a r e  markedly a f fec ted  by r e l a t i v e l y  

s m a l l  d i f f e rences  i n  mor ta l i ty  i n  o l d e r  ages when deaths  a re  f requent  

and l i t t l e  a f fec ted  by  l a r g e  propor t iona l  d i f f e rences  in ea r ly  years  

which cause g rea t  l o s s  of l i f e .  

The f i n a l  type of s t a t i s t i c ,  q u i t e  popular i n  quant i fying the e f f e c t  

of smoking (e .g .  R .C .P .  (1971)) is  the number of deaths  associated w i t h  

t h e  number of deaths - tha t  the f a c t o r .  To ca l cu la t e  t h i s  s t a t i s t i c ,  

ac tua l ly  occur i n  an i n t e r v a l  i n  t h e  exposed group a r e  compared w i t h  the  

number t h a t  would have occurred had t h e  exposed'group had the same number 

Q5 1 

a t  r i s k  i n  the i n t e r v a l  but  t h e  death rates of t h e  non-exposed group. In 

okher words 
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n 
= C (DZi - Api' 3) 

i=l li 
Q5 

where t h e  f i r s t  subscr ip t  r e f e r s  t o  t h e  group (1 = non-exposed, 2 = 

exposed) and t h e  second t o  t h e  t i m e  i n t e rva l .  Apart from the f a c t  

t h a t  Q gives no ind ica t ion  a t  a l l  of l i fe-shortening,  the main defect-  

with t h i s  s t a t i s t i c  is that i t  carries with i t  the implicat ion t h a t ,  

had t h e  f a c t o r  not  existed, t h i s  number of deaths would, i n  some sense,  

have been avoided. Clear ly  everyone dies once, so what is  t h e  real 

implication? A s  normally used, t h e  number of deaths associated with a 

f a c t o r  is attached t o  a t i m e  scale, e .g .  "50,000 deaths  a year are asso- 

ciated w i t h  smoking'' but  what does t h i s  mean? As ca lcu la ted ,  i f  the t i m e  

i n t e r v a l s  were years,  and i f  i n  f a c t  t h i s  ca lcu la t ion  w a s  c a r r i ed  out  on 

population data r a t h e r  than our idea l ized  cohort da ta ,  t h e  s t a t i s t i c  would be 

a reasonable es t imate  of the  numbers of deaths t h a t  would not  have occurred 

5 

i n  t h e  year following a universa l  giving up of smoking, assuming (and 

the re  i s  evidence t o  show t h a t  f o r  some d iseases ,  e .g .  lung cancer (Doll 

(1971)), t h i s  is  n o t  t h e  case) t h a t  on giving up smokers age-specific 

death rates reverted a t  once t o  those of never smokers. However, it would 

only be  accurate  for t h e  f i r s t  year  and would be increas ingly  inaccurate  

f o r  subsequent years .  The reason being, of course,  tha t  i n  l a t e r  years ,  

due t o  t h e  lower mor ta l i ty  immediately following mass giving-up (on t he  

assumption quoted),  t he re  would be more survivors  a t  h igher  ages and 

consequently more deaths than t h e  cur ren t  age-dis t r ibut ion would suggest.  

A s  shown i n  Appendix A ,  it can be estimated (under c e r t a i n  f u r t h e r  

assumptions) t h a t ,  on mass giving up of smoking a t  t h e  end of 1975, 72,000 

less male deaths in England and Wales would have occurred t h e  first y e a r  

afterwards than had no giving-up occurred. However t h i s  number would b e  

ha l f  as much by 1988 and down to  12,000 by the year  2,000. 

2.5 L i f e  expectation and average age a t  death 

Another simple s t a t i s t i c  that  has been used t o  assess mor ta l i t y  is 

average age a t  death.  Average age a t  death of the whole population from 

a l l  causes i s  i d e n t i c a l  t o  expectat ion of l i f e  a t  b i r t h ;  expectat ion of 

l i f e  a t  age t , Q6, being defined by t h e  expression 

and measures the  average number of y e a r s  of l i f e  s t i l l  t o  be l i ved  by 

those who have survived t o  age t. 
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Average age a t  death of those people dying only of the cause of 

i n t e r e s t ,  Q,, is  an a l t e r n a t i v e  s t a t i s t i c  which has been used by some 

workers. I t  i s  defined by 

= c (LiYi)/ c Li Q7 
i=l i=l 

Though it can be of value i n  some circumstances t o  compare such 

an average f o r  one cause of death with a s i m i l a r l y  computed average f o r  

another cause, i t  only measures when t h e  disease occurs and not how 

many people d i e  of i t .  Furthermore i t  is not  a very use fu l  s t a t i s t i c  

t o  measure l i f e  shortening. I t  might be thought t h a t ,  a cause of 

death r e s u l t i n g  i n  an average age a t  death of x years  less than t h e  average 

age of death from a l l  causes is  i n  some sense an i nd ica t ion  tha t  the 

cause takes  x years  off  l i f e .  That t h i s  reasoning is inco r rec t  can b e  

seen i f  one considers a cause of death Such a s  s t roke  w i t h  an average age 

g r e a t e r  than the  expectat ion of l i f e  a t  b i r t h .  On the implied l i n e  of 

reasoning t h i s  cause adds yea r s  onto l i f e ,  which is ,  of course ,  nonsense. 

Average age a t  death can a l s o  be a very misleading s t a t i s t i c  t o  use 

when comparing groups exposed t o  d i f f e r e n t  l e v e l s  of a f a c t o r  of i n t e r e s t .  

I f ,  f o r  example, the cause of death of i n t e r e s t  is the only one a f f ec t ed  

by a f a c t o r  and i s  r e l a t i v e l y  rare, and i f  the  effect of t he  f a c t o r  is 

simply t o  mult iply the  age-specif ic  incidence r a t e  from the cause by an 

age-independent cons tan t ,  it can be e a s i l y  seen t h a t ,  though the pro- 

po r t ion  of cases of the  cause of death i n  t h e  group more exposed t o  the 

f a c t o r  w i l l  be  g r e a t e r  than i n  t he  group l e s s  exposed, the d i s t r i b u t i o n  

of times of death from the cause,  and hence t h e  average age a t  death from 

the cause,  w i l l  be v i r t u a l l y  i d e n t i c a l  in t h e  two groups, 

more, t h e  average ages a t  death from the cause a r e  compared i n  cross- 

s e c t i o n a l  data, where the age d i s t r i b u t i o n  of t h e  more and less exposed 

groups a r e  d i f f e r e n t ,  i t  is  not  s u r p r i s i n g  t h a t  f a i r l y  meaningless r e s u l t s  

can be  obtained. For example, Passey (1962) s tudied  successive h o s p i t a l  

lung cancer  p a t i e n t s  and observed t h a t  t he  average age of death of the 

heavy smokers d id  not  d i f f e r  from t h a t  of t he  l ight  smokers. He .concluded 

tha t  there was an anomaly t o  be  explained,  bu t  as  Pike and Doll  (1965) 

pointed ou t ,  following out genera l  l i n e  of argument above, i f  w a s  only 

I f ,  fu r the r -  

the poor choice of s t a t i s t i c  t h a t  had l e d  t o  the apparent anomaly. 
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2.6 Measures of l o s s  of l i f e  expectation 

The preceding sec t ions  demonstrate t h a t  any s t a t i s t i c  

not taking i n t o  account both the  frequency *the t i m e  of 

occurrence of death is not  an adequate descr ip t ion  of t h e  e f f e c t  a 

f a c t o r  has on loss of l i f e .  A better approach, and one t h a t  has been 

t r i e d  by various workers over the las t  30 years ,  i s  t o  quant i fy  the  

e f f e c t  i n  t e r m s  of numbers of years  l o s t .  Some of these  attempts have 

tried t o  take  i n t o  account t o  a t  least some exten t  the  belief t h a t  the  

l o s s  of years of, l i f e  a t  young ages may be of more importance t o  an 

ind iv idua l ,  o r  t o  a s o c i e t y ,  than t h e  l o s s  of a s i m i l a r  number of 

years  i n  o ld  age. 

Thus, a number of workers, e .g .  Murray and Axtell (19741, Romeder 

and McWhinnie (1977), have estimated the 

l i f e "  l o s t .  Though t h e  c r i t i c a l  age d i f f e r s  (usual ly  between 60 and 

70), t h e  same e s s e n t i a l  method of ca l cu la t ion  has been used; i t  has 

been assumed t h a t  any person dying before  t h e  c r i t i c a l  age has l o s t  a 

number of ac t ive  years equal t o  t h e  d i f f e rence  between t h e  c r i t i c a l  

age and t h e  y e a r  of death.  

Other workers have used deaths  occurr ing a t  a l l  ages and have 

counted yea r s  l o s t  t o  l i f e  expectancy, e.g. Dempsey (1947) who used 

l i f e  expectancy a t  b i r t h  and Dickinson and Welker (1948) who used l i f e  

expectancy a t  the age of death.  

Both these types of measure have object ions.  Measures of "ac t ive  

l i f e "  l o s t ,  a s  described above, a r e  over-estimates as it  is 

clear t h a t  some of those dying e a r l y  would s t i l l  no t  have reached the  

c r i t i c a l  age had they not  died when they  d i d .  Hakulinen and Teppo (1976) 

t r ied t o  g e t  round t h i s  ob jec t ion  by using adjusted l i f e - t a b l e  procedures 

(see Section 2.10) t o  es t imate  t h e  subsequent su rv iva l  p a t t e r n  of t h e  

"reincarnated" populat ion,  i . e .  t h e  su rv iva l  of those who would not have 

died had t h e  cause of death of i n t e r e s t  been removed. An a l t e r n a t i v e  

method would be t o  compare the  years of "ac t ive  l i f e "  l o s t  i n  the 

exposed and non-exposed groups. However these  measures a l l  have the  

disadvantage t h a t  an e s s e n t i a l l y  a r b i t r a r y  choice of c r i t i c a l  age has  

t o  be made and t h a t  information on people of age g r e a t e r  than t h i s  is 

ignored. 

The __ measures of l o s s  of l i f e  expectat ion mentioned above a l s o  have 

t h e  disadvantage t h a t  they do no t  take  account of the f a c t  t ha t ,  had 

t h e  cause of death been removed, t he  l i f e  expectancy i t s e l f  would have 
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been a l t e r ed .  Furthermore, t h e  r e s u l t i n g  s ta t i s t ic  can be r a t h e r  

d i f f i c u l t  t o  i n t e r p r e t  e spec ia l ly  i f  i t  is ca lcu la ted  on a per  decedents 

r a t h e r  than a per  head of population a t  r i s k  of bas i s .  Thus, a s  w e  

s h a l l  show l a t e r ,  t he  average years l o s t  t o  l i f e  expectancy of lung 

cancer decedents f o r  some populations is i n  f a c t  less than the average 

y e a r s  l o s t  f o r  a l l  decedents. Is lung cancex a good th ing  . .  . 

therefore? I t  can also be shown t h a t  (considering cross-sect ional  da ta  

r a t h e r  than l i f e - t a b l e  type data),  even had smoking no e f f e c t  on mortal i ty  

a t  a l l ,  t h e  average l o s s  of l i f e  expectancy of smokers who d i e  in a 

given t i m e  period would b e  g r e a t e r  than t h a t  of non-smokers who d i e  i n  

the  same period,  simply because smokers a r e  younger than non-smokers. 

I t  i s  clear t h a t  such s ta t i s t ics  are l i a b l e  t o  misuse by t h e  un in i t i a t ed .  

2.7 Recommended methods f o r  comparison of two life-tables 

Probably the  most informative method of quant i fying t h e  loss of l i f e  

due t o  a f a c t o r  is t o  compute t h e  d i f fe rence  i n  l i f e  expectation of the 

exposed and non-exposed groups from the start of t h e  experiment. I f  i t  

is desired t o  place a d i f f e r e n t  value,  V ( t ) ,  on l i f e  a t  d i f f e r e n t  ages 

then one could ca l cu la t e  the  d i f fe rence  between t h e  two groups i n  t h e i r  

"expected value of l i f e " ,  Q,, where Q is  defined by 
8 

f- 
Q, = \ T f(T) Z(T)dT 

a 
. _  

where Z(T) the t o t a l  value of l i f e  up t o  t i m e  T is given by 

T 
Z(T) = 5 V(U)dU 

b -  

Another good method is t o  compare the  proportions dying 

over some spec ia l  age range of i n t e r e s t  (Q ).  This method has ,  f o r  

example, been used by t h e  R.C.P. (1971) t o  quant i fy  t h e  e f f e c t  of 

smoking. They pointed out  t h a t ,  i n  the study of B r i t i s h  Doctors (see 

Sect ion 4.2) a male smoker of 25 c i g a r e t t e s  o r  more d a i l y  aged 35 had 

a 40% chance of dying by age 65 whereas, over the same period t h e  chance 

of dying f o r  a non-smoker was only 18%. 

1 

In p a r t i c u l a r  circumstances,  o t h e r  comparisons of l i f e - t a b l e s  can 

be extremely informative.  For example, i f  t h e  e f f e c t  of t h e  f a c t o r  i s  ' 

simply t o  transform t h e  death dens i ty  funct ion so t ha t  e i t h e r  

f 2 ( t )  = f l ( t  + a) 
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holds f o r  a l l  t (where a and b a re  constants and t h e  subscr ip ts  2 and 

1 r e f e r  t o  exposed and non-exposed respect ively)  then one could make 

statements such as "the probabi l i ty  of an exposed person dying i s  the  

same as  t h a t  of a non-exposed person a y e a r s  older" o r  "exposed people 

have a probabi l i ty  of dying the  same as non-exposed- people b times as 

old". Al te rna t ive ly ,  i f  t h e  f a c t o r  mul t ip l ies  t h e  hazard function by 

a constant c ,  so t h a t  

X 2 ( t >  = cX1(t) 

one might usefu l ly  make statements such as "if  you are exposed you have 

c t i m e s  t he  chance of dying a t  any i n s t a n t  as  a non-exposed person of 

t h e  same age." There is q u i t e  a l o t  of evidence t h a t ,  f o r  p a r t i c u l a r  

diseases  the  e f f e c t  of some fac to r s  can be a mult ip l ica t ion  of t h e  

hazard function (e.g. Pet0 and Lee  (1973)) but  such a simple re la t ion-  

sh ip  seems unl ike ly  t o  hold f o r  t o t a l  death r a t e s  f o r  more than a t  

most a very few fac to r s .  

2 . 8  Quantifying lo s s  of l i f e  expectation i n  terms of dose applied 

None of t he  s ta t i s t ics  which w e  have discussed so far t o  quant i fy  

t h e  d i f fe rence  between lif e-tables represent ing exposed and not  exposed 

groups have expressed the  differences i n  terms of t h e  dose applied t o  the  

exposed group. W e  now look a t  some t h a t  do. 

If a l l  w e  wish t o  say  is something along t h e  l i n e s  "exposure t o  

X u n i t s  a day f o r  l i f e  r e s u l t s  i n  a l o s s  of l i f e  expectation of Y years" 

then, of course,  t h e  methods of t h e  l a s t  s ec t ion  a r e  d i r e c t l y  appl icable .  

I f  w e  wish t o  general ize  this statement so t h a t  w e  can make - -- .- 
inferences about what would happen i f  l i fe t ime exposure was a t  some 

o ther  d a i l y  l e v e l  we would need t o  have information on addi t ional  groups 

exposed a t  d i f f e r e n t  dose l eve l s  in order  t o  bu i ld  up a dose-response 

r e l a t ionsh ip ,  but  no new s t a t i s t i c a l  treatment of t h i s  l i f e - t a b l e  would 

- .  

be needed. 

I t  is  not so st raightforward,  however, i f  from the r e s u l t s  of an 

exposed group given X u n i t s  a day f o r  l i f e  w e  w i s h  t o  i n f e r  t h e  e f f e c t  

on l i f e  shortening of a s i n g l e  exposure t o  X .  Such an inference has 

t o  be made t o  a r r i v e  a t  Diehl ' s  (1969) claim "on average the  t i m e  by 

which a habi tua l  c i g a r e t t e  smoker's l i f e  i f  shortened is about 54 

minutes f o r  each c i g a r e t t e  smoked." 
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The simple method t o  do t h i s  ca l cu la t ion ,  and the one used by 

Diehl (1969) i s  t o  compute t h e  average t o t a l  exposure during the l i f e  

of t h e  exposed group and t o  d iv ide  t h i s  i n t o  the estimated l o s s  of l i f e  

expectat ion.  But is t h i s  cor rec t?  Normally, i n  working out  such an 

average, one computes the l i f e  shortening p e r  exposure f o r  each ind iv idua l  

and then averages the answers over t h e  ind iv idua ls ;  i n  o the r  words i f  

LS. is t h e  l i f e  shortening f o r  ind iv idua l  j and E. h i s  exposure up t o  

t i m e  of death one would ca l cu la t e  
J J 

where N is t h e  number of i nd iv idua l s ,  and no t  as  Dfehl d i d ,  

As is w e l l  known, unless  LS ./E is  cons tan t  f o r  every ind iv idua l ,  
J j  

these  expressions w i l l  d i f f e r .  

of course,  is t h a t  it is  n o t  poss ib le ,  on an ind iv idua l  basis t o  measure 

l i f e  shortening.  

The reason why Q9 has no t  been ca l cu la t ed ,  

Another worrying th ing  about the whole concept is the  fact  t ha t  one 

might be averaging e f f e c t s  which a re  very d i f f e r e n t  a t  d i f f e r e n t  t i m e s  

of l i f e .  In f a c t ,  as w e  show below, the assumption tha t  each exposure 

has  an equal effect ,  implies  a p a r t i c u l a r  r e l a t i o n s h i p  between the death 

dens i ty  func t ions  of t he  exposed and non-exposed groups. 

The death dens i ty  func t ion ,  f ( t ) ,  i n  the non-exposed group can b e  

seen a s  t h e  proport ion of people who have " t i c k e t s  t o  d ie"  a t  t i m e  t. 

( O r  more p rec i se ly  f ( t ) d t  represents  the proport ion with t i c k e t s  t o  

d i e  i n  (t ,  t + d t ) ) .  Suppose that  every u n i t  of time t h a t  e lapses  the 

exposed group take R off t h e i r  o r i g i n a l  l i f e  expec ta t ion ;  i n  o ther  words 

they  take R off  t h e  value of t h e i r  t icket.  I t  follows t h a t ,  a t  t i m e  T, 

the f ( T  + RT) people who o r i g i n a l l y  had t i c k e t s  t o  d i e  a t  time T + RT 

then hold t i c k e t s  t o  d i e  a t  t i m e  T. I t  follows that  t h e  surv ivors  a t  

t i m e  T a r e  only those who o r i g i n a l l y  had t i c k e t s  t o  d i e  a t  l e a s t  a t  time 

T + RT. 
_-. 

The survivorship funct ion i n  the  exposed group a t  t i m e  T ,  S,CT>, 

is therefore  given by 
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f (u)du = S1(T(l + R)) T( 1+R) S2(V = 

In o the r  words, a t  any t i m e  the  surviving-proport ion i n  the exposed 

group is the same as the  surviving proportion i n  the non-exposed group a t  

a t i m e  a f a c t o r  of R + 1 as g rea t .  I t  follqws tha t ,  unless  such a con- 

d i t i on  holds a t  l eas t  approximately f o r  some R ,  expression of the effect  

of a s i n g l e  exposure as  an average tends t o  be rather 'uninformative.  

2.9 The  one group experiment 

On some occasions information is ava i lab le  on the  surv iva l  of a 

group exposed t o  a f a c t o r  o r  subjec t  t o  a cause of death,  but  no such 

da ta  are ava i l ab le  on a comparable non-exposed cont ro l  group. C a n  

inferences then b e  made about t h e  effect the f a c t o r  o r  cause of death 

has had on loss on l i f e  from t h i s  "one group experiment"? Provided 

t h e  cause of death of each member of t he  group is recorded, then 

under c e r t a i n  assumptions which w e  sha l l  d i scuss  i n  t h e  next s ec t ion  

it is  poss ib l e  t o  estimate t h e  loss of l i f e  caused by a c e r t a i n  cause 

of death. Inferences cannot i n  general  b e  made about t h e  effect of a 

f a c t o r  un le s s ,  from o the r  knowledge, i t  is poss ib l e  t o  l abe l  c e r t a i n  

deaths as having been caused by t h e  f a c t o r .  

2.10 Adjusted life-tables 

When information is only ava i lab le  on a s ingle 'g roup  the re- 

commended procedure is  t o  ca l cu la t e  the  l i fe- table  t h a t  would have 

ex is ted  had the p a r t i c u l a r  deaths (from the  cause of i n t e r e s t  o r  

c lassed as due t o  t he  f ac to r )  no t  occurred. This l i fe- table  is known 

as the  "adjusted life-table" and inferences about l o s s  of l i f e  can then 

be  made by comparison of the  ac tua l  and adjusted life-tables i n  exac t ly  

the  same way as have been described f o r  the  comparison of l i fe - tab les  

f o r  t h e  exposed and non-exposed groups i n  the  two group experiment. 

How i s  the adjusted l ife-table calculated? The most common approach 

t o  t h i s  problem is  t o  assume that  those people who d i e  of t he  cause of 

death of ' in te res t  would have had t h e  same chance of dying from t h e  o the r  

causes of death had the  cause of i n t e r e s t  not  ex is ted .  Under t h i s  assump- 

t i on  of independence t h e  adjusted l i f e - t a b l e  i s  estimated as follows. 

Consider t h e  i t h  t i m e  i n t e r v a l .  L e t  the  length of t h i s  i n t e r v a l  b e  

T .  and l e t  us  assume i t  t o  be  small  enough f o r  t h e  fo rce  of mor ta l i ty  

from causes o ther  than t h e  one of i n t e r e s t  t o  b e  taken as constant (= a i l ,  
and tha t  from the  cause of  i n t e r e s t  a l s o  t o  b e  taken as constant (= Bi). 

1 
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Now t h e  t o t a l  su rv iva l  from a l l  causes 

exp (- (ai + B . )  Ti) is estimated by ( A  - Di>/Ai 
1 i 

and the  r e l a t i v e  mor ta l i ty  

(Li a r e  t h e  deaths from t h e  cause(s1 t o  b e  adjusted f o r )  

I t  follows t h a t  
- -  

and 

exp (-ai Ti) is  the  proportion t h a t  would survive t h e  i n t e r v a l  if the  

cause of death of i n t e r e s t  had not existed. The survivorship function 

of t h e  adjusted l i f e - t a b l e  is  thus b u i l t  up by s t a r t i n g  with 100% sur- 

vivors  ( i .e .  S ( 0 )  = 1) a t  t h e  beginning of t h e  f irst  i n t e r v a l  and 

successively mult iplying S by the  estimate of exp (-a T ) i n  each 

consecutive i n t e r v a l .  
i i  

The formula f o r  exp (-ai Ti) has been derived previously by  

Chiang (1961). An a l t e r n a t i v e  formula 

Di - L 

Ai - Li/2 
i exp (-ai Ti) = 1 - 

has been a t t r i b u t e d  t o  Berkson by Schwartz and'Lazar (1961). A s  L e e  

(1970) shows these two formulae give v i r t u a l l y  i d e n t i c a l  answers 

provided t h e  proport ions dying i n  t h e  i n t e r v a l  are reasonably small .  

Although most work done i n  t h i s  area makes t h e  assumption w e  made 

a t  t h e  beginning of the  previous sec t ion ,  i t  is clear t h a t  i t  is only 

l i k e l y  t o  hold under s p e c i a l  circumstances. I t  may w e l l  be,  f o r  example, 

t h a t  t he  s o r t  of person who dies e a r l y  from one cause may be  general ly  

"weak"  and, were t h i s  cause t o  be removed, he would i n  f a c t  have a 

g r e a t e r  chance than average of dying from o the r  causes subsequently. 

In  a recent  paper, Wong (19771, considered t h i s  problem. H i s  approach 

w a s ,  ins tead  of assuming the  r e l a t i v e  s u s c e p t i b i l i t y  of those dying i n  

an i n t e r v a l  t o  be t h e  same as those surviving,  t o  assume t h a t  it w a s  

d i f f e r e n t  by a general  proport ional  f a c t o r  F. In  Appendix B ,  w e  d iscuss  

t h i s  a l t e r n a t i v e  not assuming indeDendence in moEe detai l .  There w e  



show tha t  t he re  are some object ions t o  the  way i n  which Wong ca r r i ed  

out h i s  ca lcu la t ions  and der ive a somewhat d i f f e r e n t  scheme along 

Wong's basic idea. 

The method described i n  Appendix B could be generalized t o  the  

s i t u a t i o n  where there  a re  more than 2 groups with d i f f e r i n g  sus- 

c e p t i b i l i t y .  Indeed t h e  population could b e  given some defined ' 

continuous s u s c e p t i b i l i t y  d i s t a ibu t ion  i n i t i a l l y .  Such genera l iza t ions  

a r e  not inves t iga ted  i n  t h i s  paper, t h e  simpler s i t u a t i o n  d e a l t  

with i n  Appendix B being s u f f i c i e n t  t o  allow i l l u s t r a t i o n  of t h e  sort  

of e f f e c t  t h a t  va r i a t ions  i n  s u s c e p t i b i l i t y  of t h e  population have on 

estimates of loss of l i f e  expectation due t o  e l iminat ion of a p a r t i c u l a r  

cause of death.  

2.11 Estimation of l o s s  of l i f e  i n  a mul t i f ac to r i a l  s i t u a t i o n  

A l l  t h e  estimates of loss of l i f e  described in t h i s  sec t ion  deal 

with quant i fying t h e  e f f e c t  a s i n g l e  f a c t o r  has on loss of l i f e .  In 

p rac t i ce  many d iseases  a r e  mul t i f ac to r i a l  i n  or ig in .  I t  follows t h a t  

any conclusions made about t h e  f a c t o r  s tud ied  only apply t o  a popu- 

l a t ion  with the  same l e v e l s  of o the r  r e l ean t  f a c t o r s  as i n  the  groups 

s tudied.  For example t h e  t r u e  l o s s  of l i f e  r e l a t e d  t o  smoking may be 

much higher  in  a group of asbestos-exposed workers than t h a t  estimated 

from a study of the normal population. By studying more than 2 groups 

it would be poss ib le  i n  a s i n g l e  experiment t o  obtain inferences on 

t h e  loss of l i f e  related t o  more than 1 f a c t o r .  

For example, by carrying out a 4 group experiment w i t h  groups 

exposed t o  both,  one only o r  ne i the r  of 2 f a c t o r s ,  inferences can be 

made about t h e  loss of l i f e  r e l a t ed  t o  each f a c t o r .  In these circum- 

stances  i t  can be  convenient, i f  i t  is poss ib le  t o  do so, t o  choose a 

s ta t i s t ic  t o  measure loss of l i f e  which allows independent expression 

of t h e  effect of each f a c t o r .  For example, i f  f a c t o r  A causes 3 years 

loss of l i f e  expectat ion,  f a c t o r  B 4 years and t h e  two together  7 

years i t  would b e  convenient t o  use loss of l i f e  expectation as  a 

measure as t h e  conclusions about the  t w o  f a c t o r s  individual ly  hold 

whether o r  not  t he  o ther  f a c t o r  is  present .  Of course,  i f  i n  t h i s  

example, there w a s  no l o s s  of l i f e  i n  the  group exposed t o  both f a c t o r s  

i t  would b e  misleading t o  say simply t h a t  f a c t o r  A causes 3 years l o s s  

of l i f e  expectation and f a c t o r  B 4 years as  t h i s  only holds i f  t h e  o the r  

f a c t o r  is  not  present .  
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\ 

Although w e  do not  in tend  t o  pursue the m u l t i f a c t o r i a l  s i t u a t i o n  

i n  detai l  i n  this paper ,  w e  no te ,  f i n a l l y  that  clear th inking  is  needed 

i n  the i n t e r p r e t a t i o n  of the f ind ings .  Rose (1977), carrying out an 

analys is  on da ta  r e l a t i n g  coronary heart d i sease  mor ta l i ty  t o  a number 

of f a c t o r s  previously described by Reid -- et a1 (19761, found tha t  t he  

'_'numb-er'-of - -  dea_ths associated" - _ -  wi th  - each-factor,  When added -together,  - 
exceeded the  t o t a l  number of deaths  occurring. Todd (1977), considering 

these  r e s u l t s ,  f e l t  that the re  w a s  something wrong with the "number of 

dea ths  associated" approach. So t he re  may be, as we showed _ -  in sec t ion  

2 .4 ,  but  it is not  t he  choice of s t a t i s t i c  tha t  caused t h e  apparent 

problem. The problem l a y  i n  adding toge ther  a number of r e s u l t s ,  each of 

which represented the  e f f e c t  of removing a - p a r t i c u l a r - f a c t o r  in the  presence 

of all---the o the r s  t. 

a r e  t o  add t o  the t o t a l ,  oneshou ld  add-together 

- - -- - _ - -  
If the  ind iv idua l  deXths---associated - w i t h  e'ach f a c t o r  

-__ - 

the number of deaths assoc ia ted  w i t h  f a c t o r  A i n  the  presence of 
8 ,  C .... N + 

the  number assoc ia ted  with B in the  presence of C ... N (and - not  A) f 

- -  

- .  - _-. 

the  number assoc ia ted  w i t h  C in the presence of D ... N (and - n o t  A o r  B) 

+ e t c .  e t c .  

8f course,  i f  it came t o  a t t r i b u t i o n  of deaths, or rather claims r e l a t e d  

t o  them in a l e g a l  case,  then one should be aware of t he  fact  t ha t  t he  

order  i n  which the  associatdons w i t h  the  f a c t o r s  are ca lcu la t ed  ( i . e .  the 

order  i n  which the f a c t o r s  are successively eliminated) may affect the 

answers. For example, i f  a d i sease  only occurs i f  two condi t ions  a r e  

m e t ,  then whichever f a c t o r  is considered f irst  in t he  ana lys i s  w i l l  appear 

t o  be wholly respons ib le .  But t h i s  is  a problem f o r  lawyers and not  

s t a t i s t i c i a n s ,  whose job is t o  present  t h e  f a c t s  i n  an unbiassed and 

meaningful way. . . . . 
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3. Estimation of l o s s  of l i f e  i n  the  human smoking s i t u a t i o n  - 
problems involved and assumptions required 

3 .1  Randomiaation and c a u s a l i t y  

In the  r e a l  l i f e  s i t u a t i o n  smokers and non-smokers a r e  not randomly 

a l loca ted  from a s i n g l e  group, but themselves choose whether or  not 

they smoke. For t h i s  reason excess dea th  r a t e s  from various d iseases  

observed*.in smokers may, fn theory,  t o  a t  l e a s t  some ex ten t ,  represent  

d i f fe rences  due t o  t h e  smoker r a t h e r  than t o  smoking. In  applying t h e  

methods described i n  the  previous sec t ion  t o  smoking w e  choose t o  ignore 

t h i s  problem, however, and make the  s implifying assumption t h a t  any 

d i f f e rences  i n  death rates observed between smokers and non-smokers of 

t he  same age and s e x ' a r e  due t o  smoking i t s e l f .  

While medical a u t h o r i t i e s  (R.C.P., 1977) genera l ly  be l ieves  tha t  t h i s  

assumptfon is approximately t r u e  f o r  some causes of dea th ,  t h e r e  a r e  

p a r t i c u l a r  cases of death where a t  l e a s t  some opinion holds t h a t  t h i s  

assumption is  f a l s e .  For example, t h e  excess death r a t e  of c i r r h o s i s  

of t he  l i v e r  amongst smokers is genera l ly  held t o  be a t t r i b u t a b l e  t o  

the  f a c t  t h a t  c i r r h o s i s  of t he  l i v e r  i s  caused by dr inking and t h a t  

v i r t u a l l y  a l l  heavy drinkers smoke (Doll and H i l l  (1964)). Furthermore, 

though t h i s  view is genera l ly  disavowed by the  medical a u t h o r i t i e s  

(R.C.P., 1977), some workers (Fisher (19591, Burch 1976)) be l i eve  t h a t  

t h e  excess lung cancer death r a t e  of smokers is not  caused by t h e i r  

smoking a t  a l l ,  but by a common genet ic  tendency t o  smoke and t o  g e t  

lung cancer.  To determine t h e  t r u e  proport ion of t h e  excess deaths 

among smokers t h a t  a r e  ac tua l ly  caused by smoking is beyond t h e  scope 

of t h i s  paper. Indeed, t he  R.C.P. (1971) when consider ing t h i s  

problem, said i t  w a s  not poss ib le  t o  give a p rec i se  es t imate ,  saying 

only " there  can be l i t t l e  doubt t h a t  a t  least  half  of the  estimated 

31,000 excess deaths  among male smokers aged 35-64 i n  t h e  United 

Kingdom ( i n  1968) were due t o  smoking"., Rather,we simply note  t h a t  

t h e r e  is  no p r a c t i c a l  d i f f i c u l t y  i n  ad jus t ing  t h e  est imates  we make, 

i f  d i f f e r e n t  assumptions a r e  used. 

3.2 Problems of cohort da t a  

Even assuming t h a t  cohort  da t a  on se l f - se lec ted  groups of smokers 

and non-smokers can be used i n  the  same way a s  data on randomly se l ec t ed  

the re  s t i l l  remain a number of reasons why t h e  i n t e r p r e t a t i o n  of 

r e s u l t s  from such data is  not s t ra ightforward.  
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, 

F i r s t l y ,  f o r  information over t h e  whole of i ts l i f e t i m e  t o  be  

ava i l ab le ,  t h e  cohort must have been born before  about 1875 and much 

of the information on cause of death w i l l  of necess i ty  r e f e r  t o  times 

when d iagnos t ic  p rac t i ces  may have d i f f e r e d  s u b s t a n t i a l l y  from those used 

today. I t  is  general ly  bel ieved t h a t ,  f o r  lung cancer, s tandards of 

diagnosis  have changed d rama t i ca l ly  since t h e  beginning of t h e  century,  

accounting f o r  a considerable proport ion of t h e  observed r ise i n  

incidence (R.C.P. , 1977). 

Even i f  death r a t e s  from t h e  cause of i n t e r e s t  could be adjusted 

in some s u i t a b l e  way f o r  changes i n  d iagnos is  (and attempts have been 

made t o  do t h i s  f o r  lung cancer ( i b i d ) ) ,  t h e r e  would s t i l l  remain a 

second p r a c t i c a l  ob jec t ion .  This is t h a t ,  i f  t he re  have been marked 

t rends  in t i m e  with respec t  t o  the l e v e l  and age-dis t r ibut ion of t h e  

cause of death, s t a t i s t i c s  summarizing t h e  e f f e c t  a cause has had on a 

pas t  cohort  may have l i t t l e  relevance t o  people i n  cohorts s t i l l  a l i v e  

today. Although, f o r  p a r t i c u l a r  purposes it may be  usefu l  t o  quant i fy  

what e f f e c t  a p a r t i c u l a r  cause of death used t o  have, our main i n t e r e s t  

is r e a l l y  in t r y i n g  t o  produce s ta t i s t ics  t h a t  quant i fy  t h e  e f f e c t  it 

has on present-day man. 

A t h i r d  problem i n  studying the  e f f e c t  of smoking i s  t h a t  c i g a r e t t e s  

themselves have changed over the years .  In  p a r t i c u l a r  t he re  has been a 

general  switch from smoking p l a i n  t o  smoking f i l t e r  c i g a r e t t e s .  Since 

1955when 98% of c i g a r e t t e s  smoked i n  the U . K .  w e r e  p l a i n ,  t h e  percentage 

has dropped t o  13% in  1975 ( L e e ,  1976). I t  seems l i k e l y  t h a t  the h e a l t h  

. r i s k s  assoc ia ted  with f i l t e r  c i g a r e t t e s  are s i g n i f i c a n t l y  l e s s  than those 

assoc ia ted  with p l a in  c i g a r e t t e s  (Hammond e t  a l ,  1976; Dean e t  a l ,  1977; 

Bross and Gibson, 1968; Wynder - e t  -8 a1 1970) and consequently inferences  

about t h e  e f f e c t  of smoking on l o s s  of l i f e  based on o ld  data may markedly 

overestimate t h e  true e f f e c t  on cur ren t  populat ions of smokers. 

A fou r th  d i f f i c u l t y  with cohort  d a t a  l i es  i n  t h e  f a c t  t ha t  i n  p r a c t i c e  

an appreciable  number of smokers modify t h e  amount they smoke during their  

l i v e s  o r  even give up; A t  f i r s t  s i g h t ,  provided r egu la r  information on 

the smoking h a b i t s  of the cohort is  recorded, t h i s  does not  seem much of 

a problem as  one can exclude from analys is  any people whose h a b i t s  devia tg  

from those t h a t  one o r i g i n a l l y  intended t o  s tudy ,  However, i f  "modifiers" 

o r  "givers-up" a r e  not  representa t ive  of "continuers" b i a s  can occur i n  

es t imat ing  l o s s  of l i f e .  In p a r t i c u l a r ,  i f  some d iseases  related t o  
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smokingpromptpeople t o  cu t  down o r  give up, and i f  such diseases  are 

r e l a t ed  t o  the subsequent probabi l i ty  of death (a s i t u a t i o n  where "smoking 

causes disease" i n t e r a c t s  w i t h  "disease causes smoking") g rea t  care  should 

be taken i n  the in t e rp re t a t ion  of t h e  f indings.  This is discussed again 

la ter  i n  t h i s  paper. 

F ina l ly ,  as w e  have mentioned previously,  one should take care 

before  assuming that estimates of loss of l i f e  obtained from cohort 

s tud ie s  of spec ia l  populations a re  necessar i ly  re levant  t o  o the r  pop- 

u l a t ions .  The relevance t o  cur ren t  smokers i n  England and Wales of some 

of t he  da ta  that  is  ava i lab le  on smoking and mor ta l i ty  is discussed i n  

Section 4.  

3.3 Population and prospective l i f e - t a b l e s  

Theoretically, i t  is  poss ib le  t o  construct  a more up-to-date 

life-table by using ava i lab le  da t a  from a more recent  cohort and, by 

ex t rapola t ion  from the t rend  of age-specif i c  mor ta l i ty  rates i n  previous 

cohorts ,  f i l l i n g  i n  es t imates  of death rates i n  ages not  y e t  reached by 

the cohort .  

a shor t  t i m e  ahead, such an approach is  unl ikely t o  be very usefu l .  I t  

seems b e t t e r  t o  look f o r  another method more r e fe rab le  t o  cur ren t  

experience and not  involving ex t rapola t ion  o r  adjustment f o r  changes i n  

diagnosis.  

In view of t he  u n r e l i a b i l i t y  of extrapolat ion f o r  more than 

The a l t e rna t ive  approach, which, though not without ob jec t ions ,  

i s  perhaps t h e  best ava i lab le  t o  i l l u s t r a t e  the  current  effect  of a 

cause of death,  is  t o  construct  a l ife-table using up-to-date cross- 

s ec t iona l  data. D a t a a r e s a i d  t o  be collected cross-sect ional ly  i f ,  

f o r  each age-group, i t  is co l l ec t ed  over the  same small period of 

t i m e .  For our purposes w e  would need t o  c o l l e c t ,  f o r  each age-group 

of i n t e r e s t ,  estimates of the  population a l i v e  and of the number of 

deaths occurring, both i n  t o t a l  and due t o  the cause of i n t e r e s t .  Such 

data does n o t ,  of course, refer t o  one cohort (it can be seen as  a 

snapshot of t he  current  s t a t u s  of a number of consecutive cohorts)  and 

does not form a life-table d i r e c t l y  ( the population a l i v e  i n  one age 

group may, f o r  example, be higher  than tha t  i n  a younger age group due 

t o  va r i a t ion  i n  the b i r t h  r a t e  over t i m e ) .  However, a l i f e - t a b l e  can 

be constructed from it by s t a r t i n g  w i t h  some a r b i t r a r y  number a l i v e  

(A1, usual ly  taken as 100,000) and reducing i t ,  f o r  each successive 

age group, by multiplying it  by (1 - di) 

s ec t iona l  death r a t e  per  year from a l l  causes i n  age group i and ti  i s  

the  length of the  in t e rva l  i n  years. 

t .  where di i s  the cross- 
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In  the terminology used by Gross and Clark (1975), t he  life-table 

so constructed is  a population l i f e - t a b l e .  It is t h e  l i f e - t a b l e  of a 

hypothet ical  cohort  having a t  each age of its l i f e  the  mor t a l i t y  r a t e s  

of the whole population observed cross -sec t iona l ly  a t  that  t i m e .  This 

should be borne i n  mind i n  consider ing s t a t i s t i c s  summarising t h i s  

experience. Thus, the  fact  tha t  the  expectat ion of l i f e  ca lcu la ted  

f o r  such a cohort  may be 72 y e a r s  does not imply tha t  a c h i l d  born a t  

t h e  time the rates were observed w i l l ,  on average, l i v e  72 years .  To 

ob ta in  an estimate of how long ch i ld ren  born then w i l l  l i v e  on average 

r equ i r e s  more than j u s t  knowledge of the age-specific death r a t e s  then. 

I t  a l s o  r equ i r e s  assumptions t o  be made as t o  how the rates are going 

t o  change in the f u t u r e .  And t h i s  one cannot r e l i a b l y  p red ic t  f o r  

more than a s h o r t  d i s t ance  ahead. 

In  t h e  case of some human data, as we shal l  see in t h e  next s ec t ion ,  

a populat ion (cons is t ing  of a number of d i f f e r e n t  b i r t h  cohorts)  may be 

followed f o r  a number of years  i n  a "prospective" study. I t  can be 

use fu l ,  on occasion, t o  combine a l l  the su rv iva l  experience from the  

study i n t o  a s i n g l e  life-table. To do t h i s ,  the average dea th  r a t e  

f o r  a p a r t i c u l a r  age i n t e r v a l  is ca l cu la t ed  by dividing the  t o t a l  

number of people i n  the  study who died in the age i n t e r v a l  by the t o t a l  

number of "man-years a t  r i sk" .  Man-years a t  r i s k  is the t o t a l  l ength  

of time spent  by the s tudy population in the  age i n t e r v a l  during t h e  

study. Given these  death r a t e  es t imates  a life-table can be 

constructed i n  the  same way as f o r  the populat ion l i f e - t a b l e .  For 

c l a r i t y ,  w e  c h r i s t e n  t h i s  a prospec t ive  l i f e - t a b l e .  

An objec t ion  t o  a prospect ive life-table is  tha t ,  in forming age- 

s p e c i f i c  death rate es t imates ,  one is combining toge ther  su rv iva l  

experience from a number of years .  Such an averaging w i l l  tend t o  

conceal any t rends  in su rv iva l  over the  per iod of the prospect ive 

study . 

1 
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4. Data ava i lab le  on smoking and mor ta l i ty  

4.1 Introduction 

Having, i n  the  l a s t  2 Sect ions,  discussed the theo re t i ca l  merits and 

demerits of some s t a t i s t i c a l  techniques t o  measure l i f e  shortening and 

of applying such techniques t o  human populations,  w e  now turn our 

a t t en t ion  t o  using the  methods discussed t o  quantify t h e  l o s s  of l i f e  

due t o  smoking and t o  diseases associated with i t .  As noted before  

our main i n t e r e s t  is  centred on obtaining estimates re levant  (under 

c e r t a i n  assumptions) t o  the current  population of England and Wales. 

Before embarking on t h e  ca lcu la t ions  (Section 5) i t  is  convenient t o  

consider what da t a  i s  ac tua l ly  ava i l ab le  t o  u s  on smoking and mor ta l i ty .  

4.2 Data from prospective s tud ie s  

I t  was not u n t i l  t he  ea r ly  1950's t h a t  evidence started t o  

accumulate from re t rospec t ive  s tud ie s  (e.g. Doll and H i l l  (1952)) t o  

suggest a s t rong  associat ion between smoking and lung cancer mor ta l i ty .  

Before t h a t  t i m e  there  would have been no real reason t o  car ry  out a 

prospective study and it  is not  surpr iq ing  therefore  t h a t  no ac tua l  

study carried out has followed t h e  mor ta l i ty  of cohorts of smokers 

and non-smokers f o r  more than about 20 years .  Thus no cohort l i fe-  

tables can be calculated d i r e c t l y .  

I t  would not  be appropriate  t o  consider here a l l  t h e  prospect ive 

s tud ie s  on smoking and hea l th  t h a t  have been s t a r t e d  i n  t h e  las t  25 

years .  Some are only on small populations,  o thers  have been running f o r  

only a r e l a t i v e l y  sho r t  per iod of t i m e  and o thers  have not  reported 

r e s u l t s  i n  a form s u i t a b l e  f o r  our analyses.  We w i l l  r e s t r i c t  ourselves 

- t o  mentioning three, one B r i t i s h  and two American which have followed 

l a r g e  populations f o r  a long period of t i m e  and have reported r e s u l t s  

i n  detai l .  

One of t h e  most important of the  prospective s tud ie s  i s  t h e  B r i t i s h  

Doctor's Study s t a r t e d  i n  1951 by Doll and H i l l ,  f o r  which 20 year follow- 

up r e s u l t s  f o r  males have been given by Doll and Pet0 (1976). In  t h i s  

study a l l  doctors were asked t o  complete a quest ionnaire  on smoking 

h a b i t s  i n  1951, 69% responding. Subsequently p a r t i c i p a t i n g  doctors  were 

requestionned i n  1957, 1966 and 1972 and the i r  mor ta l i ty  continuously 

monitored. Only a f e w ,  103 out  of 34,440 were l o s t  t o  follow-up 

of t h e  male doctors who completed t h e  o r ig ina l  quest ionnaire .  



There a r e  a number of reasons why doctors are not  t yp ica l  of t he  

general  population. Doctors a re  f i n a n c i a l l y  b e t t e r  off than average 

and, a s  m e m b e r s  of s o c i a l  c l a s s  1 a r e  known t o  have l eve l s  of mor t a l i t y  

f o r  many diseases less than the  na t iona l  average. And as  Doll and Pet0 

(1976) pointed out ,  many more doctors  than would have been expected from 

na t iona l  smoking f igu res  gave up smoking i n  t h e  l a s t  20 years and, a s  the 

authors claim, t h e i r  t o t a l  mor ta l i ty  i n  consequence decreased markedly 

r e l a t i v e  t o  na t iona l  f igures .  However, desp i t e  these d i f fe rences ,  most 

medical opinion holds t h a t  t h e  r e l a t i v e  mor ta l i ty  of smokers t o  non- 

smokers found i n  t h e  B r i t i s h  Doctor's Study from t h e  various causes of 

death tabula ted  is  a reasonable i n d i c a t o r  of t h e  r e l a t i v e  mor ta l i ty  of 

smokers t o  non-smokers i n  t h e  B r i t i s h  population a t  la rge .  I t  would 

seem reasonable,  however, t h a t  even i f  t h i s  opinion is  co r rec t ,  r e l a t i v e  

m o r t a l i t i e s  from the  B r i t i s h  Doctor's Study are only l i k e l y  t o  be  appl i -  

cable t o  t h e  B r i t i s h  population i n  about 1961 ( t h e  centre-point of t h e  

20 year  follow-up period) and not  t o  t h e  B r i t i s h  population i n  1978, 

because of t h e  l a r g e  switch t o  f i l t e r  c i g a r e t t e s  t h a t  has taken p lace  

s ince  1961 (see Section 3.2). 

The second prospective study worth considering here  is Hammond's 

mi l l ion  person study f o r  which t h e  l a t e s t  r e s u l t s  have been reported by 

Hammond -- e t  a1  i n  1976. In t h i s  s tudy,  1,078,894 people i n  25 American 

S t a t e s  were interviewed by American Cancer Society volunteers between 

October 1959 and February 1960 and subsequently requestionned a t  2 

y e a r l y  i n t e r v a l s  u n t i l  1965 t o  ob ta in  details  of smoking hab i t s .  

Mortal i ty  has been followed-up f o r  12 years. The s tudy population i s  

not  t y p i c a l  of t h e  U.S. population, being of markedly higher  than 

average s o c i a l  c l a s s .  However, as f o r  t h e  B r i t i s h  Doctor 's  Study, i t  

* 1 .  . .  

has been used as a vehic le  f o r  providing est imates  f o r  t h e  population 

a t  l a r g e  of t h e  r e l a t i v e  r i s k  of smoking f o r  many diseases  o r  groups of 

d i seases .  

The t h i r d  l a r g e  prospective study is  t h e  D o r n  Study of U.S. Veterans. 

In  t h i s  case t he  population s tud ied ,  198,834 i n  t o t a l ,  was drawn from 

pol icy holders  of U.S. Government L i f e  Insurance,  an insurance ava i l ab le  

t o  those who served i n  t h e  U.S. Armed Forces between 1917 and 1940. 

Like Hammond's mi l l ion  person study there w e r e  very few non-whites 

s tud ied  and t h e  higher s o c i a l  c l a s ses  were over represented, t h e  reason 

f o r  t h i s  being t h a t  poorer members of soc ie ty  tend less t o  be able t o  

a f ford  insurance po l i c i e s .  In addi t ion ,  Dorn's Study, r e su l t s  f o r  which 

were reported i n  K a h n  (1966), consis ted almost completely of males. 
Y 
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4.3 National mor ta l i ty  data 

Although information is not  na t iona l ly  avai lable  on morta l i ty  f o r  

smokers and non-smokers separa te ly ,  many countr ies  publish 

regular ly  information on morta l i ty  f o r  t he  population a s  a 

whole. For  England and Wales, f o r  example, t h e  Regis t ra r  General 

publishes annually tables giving estimates of t he  number l i v i n g  and 

t h e  number dying from each main cause of death by'-5 year age group. 

4.4 National smoking data 

Imperial  Tobacco Limited have .car r ied  out  -annual surveys of smoking 

h a b i t s  i n  t h e  United Kingdom s ince  1948. The r e s u l t s  of these surveys 

have been published a t  regular  i n t e r v a l s  by t h e  Tobacco Research Council 

i n  t h e i r  Research Paper 1, " S t a t i s t i c s  of Smoking i n  t h e  United Kingdom", 

t h e  l a t e s t  ed i t i on  L e e  (1976) giving f igu res  up t o  1975. Currently the  

surveys obtain information on smoking hab i t s  from about 10,000 people a 

year  and t h e  published r e s u l t s  give detai ls ,  i n t e r  a l i a ,  on t h e  per- 

centage of people who are non-smokers, ex-smokers and smokers of varying 

numbers of c i g a r e t t e s  a day by sex and age group. In  recent  years ,  

estimates of smoking h a b i t s  i n  the  population have also been published 

i n  t h e  tabula t ions  of the  General Household Survey (O.P.C.S. (1975)). 

Where comparable f igures  a re  presented, t he  degree of agreement between 

the  surveys i s ,  on the  whole, very c lose .  

4.5 Data used i n  the  est imat ions 

In t h e  

of l i f e  t o  

a) due t o  

b) due t o  

c) due t o  

examples considered i n  Section 5 est imat ions a r e  made of loss 

males i n  three s i t u a t i o n s :  

smoking i n  Hammond's study 

lung cancer i n  England and Waies i n  1971-75 

smoking i n  England and Wales i n  19'71-75. 

The data f o r  the  f i r s t  s i t u a t i o n  was drawn from Hammond (1969) who 

gave a l i f e - t a b l e  showing the survivorship of men aged 25 i n  r e l a t i o n  t o  

cur ren t  number of c i g a r e t t e s  smoked per  day which is reproduced here as 

Table 1. The life-table (a population l i f e - t a b l e  - see Section 3.3) was 

constructed from t h e  deaths occurring i n  the 5 year  period July 1, 1960 

t o  June 30, 1965 of 447,196 male subjec ts  born between 1868 and 1927 

c l a s s i f i e d  i n t o  5 year age-groups 33-37, 38-42, ... 88-92. As described 

i n  t h e  paper the  l i f e - t a b l e  has been adjusted t o  the  1959-61 U . S .  l i f e -  

table r a t e s  f o r  a l l  males and extrapolat ions have been made t o  cover the 

age range 25-34. 
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Table 2 gives es t imates  of t h e  populat ion,  t o t a l  deaths  pe r  yea r  and 

deaths  from lung cancer per  year f o r  males i n  England and Wales over t he  

per iod 1971 t o  1975. These estimates were ca lcu la ted  by averaging 

f i g u r e s  provided f o r  ind iv idua l  years  i n  the  Regis t ra r  General ' s  S t a t i s t i c a l  

Review of England and Wales (Tables 1, 17 and 2). For t h e  years  1971 t o  

1973, where t h e  l i v i n g  population data by age group ended with an'85+ 

group, the d i s t r i b u t i o n  i n t o  85-89 and 90+ was estimated by assuming t h e  

same r a t i o  of population i n  t h e  two age groups f o r  the  years 1974 and 

1975, where t h e  data w a s  given. 

The da ta  required f o r  es t imat ion  of t h e  e f f e c t  of smoking i n  England 

and Wales aremore d i f f i c u l t  t o  ob ta in .  A s  cohort  da t a  on t h e  mor t a l i t y  

of smokers and non-smokers i n  t h i s  population is not  a v a i l a b l e ,  it has 

t o  be estimated i n d i r e c t l y  using data on t he  r e l a t i v e  r i s k  of mor t a l i t y  

assoc ia ted  with smoking obtained from the  prospect ive s t u d i e s  and on t h e  

d i s t r i b u t i o n  of smoking h a b i t s  of t h e  England and Wales populat ion from 

na t iona l  smoking da ta .  To be use fu l  such mor t a l i t y  and smoking data 

should be given by s i m i l a r l y  def ined age and smoking hab i t  group. 

Considering t h e  mor t a l i t y  da t a  f i r s t ,  w e  have t o  decide f i r s t l y  

which prospect ive study da ta  t o  use .  Table 3 gives  es t imates  of t h e  

r e l a t i v e  mor t a l i t y  of c i g a r e t t e  smokers only and never smokers by f i v e  

10 year  age groups taken from Doll and Pet0 (1976), Hammond (1966) and 

Kahn (1966). I t  shows t da t ,  though r e l a t i v e  r i s k  es t imates  a r e  

cons i s t en t ly  lower i n  the  l a t t e r  s tudy ,  t he  d i f f e rences  between t h e  

s t u d i e s  a r e  s m a l l .  This suggests  t h a t  using data from any one of t h e  

s t u d i e s  should give f a i r l y  s i m i l a r  answers. 

In p r a c t i c e ,  information on c i g a r e t t e  only smokers and never smokers 

is not  enough a s  w e  have t o  consider  t h e  t o t a l  population i n  some of our 

analyses .  For t h i s  reason w e  must look f o r  a subdivis ion of t h e  t o t a l  

populat ion by smoking hab i t  f o r  which information by age group i s  ava i l ab le  

not  only on r e l a t i v e  r i s k  from one of t he  prospect ive s t u d i e s  but  a l s o  on 

d i s t r i b u t i o n  i n  the England and Wales population i n  the  na t iona l  smoking 

data. Af te r  looking a t  t he  data ava i l ab le ,  it was decided t h a t  it was 

convenient t o  d iv ide  t h e  populat ion i n t o  fou r  smoking hab i t  groups: 

a) never smoked 

b )  cur ren t  smokers of c i g a r e t t e s  (with o r  without p ipes  o r  c i g a r s )  

c )  cu r ren t  smokers of pipes  and/or c i g a r s  (but not c i g a r e t t e s )  

d) ex-smokers . 
Data on r e l a t i v e  mor ta l i ty  by f i v e  10 year age groups f o r  t hese  fou r  

smoking hab i t  ErouDs. taken from the Dorn Studv. t he  only one present ing 
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data i n  the  form requi red ,  is given i n  Table 4 .  

A s  can be seen Table 4 gives  information only f o r  men i n  the  age- 

range 35 t o  84. For our purposes some assumption w i l l  have t o  be made 

a s  t o  r e l a t i v e  r i s k  of mor t a l i t y  f o r  men outs ide  t h i s  range. In  our 

ca lcu la t ions  we have made two somewhat a r b i t r a r y  assumptions. The f i r s t  

is  t h a t  above the  age of 84 t he  same r e l a t i v e  r i s k s  apply a s  i n  the  age 

group 75-84. Inaccuracies . ' in  t h i s  assumption w i l l  not  have a g rea t  e f f e c t  

as deaths of people age 85 o r  more form only about 9% of t o t a l  deaths 

(see Table 2). The second assumption is  t h a t  below t h e  age of 35 t he  

four  smoking hab i t  groups have equal r e l a t i v e  r i s k  of mor ta l i ty .  Of 

t o t a l  deaths i n  t h e  25-34 age range almost half  a r e  due t o  acc idents ,  

while only about 7% (unl ike the  30% o r  so in t he  35-44 age range) a r e  due 

t o  ischaemic hear t  disease, the  cause of death cont r ibu t ing  most s t rongly  

t o  premature deaths assoc ia ted  with smoking. In view of t h i s ,  and t h e  

f a c t  t h a t  deaths  i n  t h e  age range 10-34 (it seems inconceivable t h a t  any 

earlier deaths  a r e  due t o  smoking) form only about 2% of t o t a l  dea ths ,  any 

e r r o r  associated with t h i s  approximation is bound t o  be small compared 

with e r r o r s  assoc ia ted  with o the r  assumptions made. 

The f i g u r e s  given in Table  4 a r e  based on deaths  occurr ing over a 

per iod 1954 t o  1962, and represent  t h e  e f f e c t  of smoking f o r  a period 

when many of t he  population were smoking high-tar p l a i n  cigarettes. 

make inferences from such data and apply it  t o  people l i v i n g  today is  t o  

assume t h a t  t he  r i s k s  assoc ia ted  with smoking a r e  t h e  same as they were 

20 years ago. W e  c a l l  t h i s  assumption Assumption A.  

To 

A s  noted before  (Section 3.2) some evidence has  r ecen t ly  accumulated 

a l l  ind ica t ing  t h a t  t h e  h e a l t h  r i s k s  associated with f i l t e r  c i g a r e t t e s  

a r e  s i g n i f i c a n t l y  less than those associated with p l a i n  c i g a r e t t e s  so it 

is very l i k e l y  t h a t  in ferences  under Assumption A would over-estimate t h e  

loss of l i f e  smoking modern c i g a r e t t e s  causes a modern smoker. Unfort- 

unately much of t h e  evidence on t he  r e l a t i v e  e f f e c t s  of p l a i n  and f i l t e r  

c i g a r e t t e  smoking considers  lung cancer mor t a l i t y  only (Bross and Gibson 

(1968), Wynder -- e t  a1  (1970) o r  only se lec ted  d iseases  (Dean -- e t  a1 (1977)) 

and the one paper t h a t  considers  t o t a l  mor t a l i t y  (Hammond (1976)) bases 

information on smoking h a b i t s  a t  l a t e s t  i n  1966, defining "low" T/N a s  

less than 1 .2  mg of n i co t ine  and normally less than 17.6 mg of t a r ,  a 

border l ine  which includes many c i g a r e t t e s  c lassed  today a s  "low to middle 

t a r "  o r  "middle t a r "  i n  the  Government C h e m i s t ' s  League Tables.  Hammond's 

estimated r e l a t i v e  r i s k  f o r  t o t a l  mor ta l i ty  f o r  male deaths i n  1966-72 

of "low" T/N smokers a s  aga ins t  "high" T/N smokers is 0.81, a r a t i o  much 

higher than the  r e l a t i v e  r i s k s  Dean -- e t  a1  (1977) found when comparing 
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r e t rospec t ive ly  the  lung cancer ,  coronary hea r t  disease, chronic  

b ronch i t i s  and s t roke  death rates of people who-had smoked f i l t e r s  i n  1954, 

1964 and 1969 compared w i t h  continuing p l a in  smokers ( 0 . 3 9 ,  0.49, 0 . 5 8  

and 0.53 respec t ive ly) .  

number of reasons discussed i n  i t ,  and as  the l a t e s t  death considered is 

only i n  1972, a year when the s a l e  of "low tar" c i g a r e t t e s  had ha rd ly  

s t a r t e d  i n  England, i t  is  clear that t h e r e  is no reliable basis f o r  cal-  

A s  Dean's study is open t o  doubt f o r  a 

cu la t ing  an a l t e r n a t i v e  assumption. ~ y+. 

However t o  i l l u s t r a t e  the e f f e c t  a l t e r n a t i v e  assumptions t o  Assumption 

A have on the  statist ics der ived,  and t o  give some feel  of what might be 

t h e  t r u e  number of deaths assoc ia ted  w i t h  smoking nowadays, w e  have used 

a somewhat a r b i t r a r y  second assumption, Assumption B ,  i n  s o m e  ca lcu la t ions .  

In t h i s  assumption w e  have assumed t h a t  only 60% of the excess r e l a t i v e  

r i sk  of current  c i g a r e t t e  smokers t o  never smokers ind ica ted  by Kahn's 

figures appl ies  today. We assume ( i n  the  absence of knowledge either way) 

that  the r e l a t i v e  r i s k  of cur ren t  pipe and/or c i g a r  smokers is the same 

as under Assumption A. Also that  ex-smokers, most of whom w i l l  have smoked 

wholly o r  a major i ty  of p l a i n  c i g a r e t t e s  when they smoked,-have t h e  same 

r e l a t i v e  r i s k s  as under Assumption A. The r e l a t i v e  risks involved i n  

Assumption B a re  given' i n  Table 5 .  

. 

Having obtained the  mor t a l i t y  data required f o r  p a r t  3 of our example 
- _  . 

w e  now consider the d a t a  needed t o  give the d i s t r i b u t i o n  of t he  male popu- 

l a t i o n  of England and Wales by smoking h a b i t  group and age. Lee  (1976) 

does not give  f igu res  i n  prec5sely the form required.  However, by methods 

described i n  d e t a i l  i n  Appendix C ,  it was p o s s i b l e  t o  der ive  a s u f f i c i e n t l y  

good approximation t o  the d a t a  required f o r  our purposes i n d i r e c t l y .  The 

r e s u l t a n t  data a r e  given i n  Table 6 .  Figures f o r  men aged less than 35 

are omitted a s  they a r e  no t  requi red  s i n c e  it has been assumed tha t  smoking 

does no t  a f f e c t  mor t a l i t y  r a t e s  below 3 5 .  
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5.  Calculations of loss of l i f e  due t o  smoking and some smoking-associated 
diseases  

5.1 Loss of l i f e  due t o  smoking i n  Hammond's study 

The analyses described i n  t h i s  sec t ion  a re  based on Table 1, which, 

as  noted i n  sec t ion  4.5,  shows the  survivorship of men aged 25 i n  

r e l a t i o n  t o  cur ren t  number of c i g a r e t t e s  smoked pe r  day based on the  

r e s u l t s  of Hammond's study. I t  is e f f e c t i v e l y  the  same as a l i fe-  

t ab le  d i f f e r i n g  only i n  the  f a c t  t h a t  the e n t r i e s  are Isul t ipl ied by 

100, so t h a t  i t  measures percentage r a t h e r  than proportion surviving. 

I t  a l so  only r e f e r s  t o  ages 25 or over taking 100% as  the  percentage 

surviving a t  age 25. 

To ca lcu la t e  l i f e  expectation, Q11 J 

f o r  a p a r t i c u l a r  of men 

the  formula 
n. 

is used (which is equivalent  t o  t h a t  f o r  Q f o r  continuous data) where 

Y .  is the midpoint of i n t e r v a l  i and Zi is t h e  en t ry  in the  survivorship 

t ab le .  I f ,  as Hammond d i d ,  one assumes t h a t ,  wi thin each 5 year per iod,  

those men who d i e  do s o  a t  the  centre  of .the per iod,  the successive m i d -  

points  a re  5 years apar t  and the formula reduces t o  

6 

1 

. n  
= 27.5 + c Z 

i Ql1 2o i=2 

The expectations of l i f e  f o r  men aged 25 for a l l  men and the various 

smoking groups were ca lcu la ted  by Hammond (1969) and a r e  presented i n  

Table 1. As can be seen i t  i s  estimated t h a t  a smoker of 40 o r  more 

c i g a r e t t e s  a day who continues t o  smoke can expect t o  l i v e  f o r  8.3 

years less than someone who has never smoked regular ly .  The loss of 

l i f e  expectation reduces as the  number of c i g a r e t t e s  smoked is smaller. 

Another usefu l  way of looking a t  the  da t a  is  t o  consider the  

proportions surviving t o  some age of i n t e r e s t .  For example, taking 

age 65 as  of i n t e r e s t  as  being the customary age of retirement i t  can 

be seen t h a t  s l i g h t l y  over three quar te rs  (77.7%) of those who have 

never smoked regular ly  can expect t o  l i v e  t o  age 65 whereas only j u s t  

over a ha l f  (54.0%) of 40-t a day c i g a r e t t e  smokers can. Put t ing  i t  

another way the p robab i l i t y  of death by 65 f o r  40+ a day smokers (46.0%) 

is  almost double t h a t  f o r  never smokers (22.3%). 
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To ca l cu la t e  the proport ion of those a l i v e  a t  one given age who 

survive t o  another one simply divides  the  surv ivors  i n  the  given 

column a t  the two re levant  ages. R.C.P. (1971) presented f igu res ,  

based on Dol l ' s  s tudy ,  showing the  proportion of men aged 35 who w i l l  

survive t o  age 65. These are reproduced i n  Table 7, together  with 

comparable f igu res  based on Hammond's da t a  i n  Table  1. As can be  seen 

the  f igures  i n  the  two s t u d i e s  a re  in the  main reasonably comparable, 

though Hammond's percentages i n  general  a r e  s l i g h t l y  higher .  

W e  next consider  l o s s  of l i f e  expectat ion per  c i g a r e t t e  smoked. To 

c a l c u l a t e  t h i s  from the  lo s ses  of l i f e  expectat ion given in Table  1 

two addi t iona l  p ieces  of da ta  a r e  requi red ,  t he  average age of s t a r t i n g  

t o  smoke of c i g a r e t t e  smokers and the  average number of c i g a r e t t e s  

smoked per  day within the  broad ca tegor ies  1-9, 10-19, 20-39 and 40-1.. 

From Table 33M of  Lee (1976) i t  can be seen t h a t ,  i n  every survey year  

considered (1965 t o  1975) the  median age of s t a r t i n g  t o  smoke of those 

who have ever  smoked and know when they started lies in the  age group 

16-17. Though t h i s  f i g u r e  r e f e r s  t o  a l l  smokers in t h e  U.K. w e  w i l l  

assuine t h a t  i t  app l i e s  t o  Hammond's c i g a r e t t e  smokers and take the  

cent re  of t he  age group 17.0 years  as the  average. S imi l a r ly ,  using 

data i n  Table  22M from t h e  same source,  one can es t imate  t h a t  the  

average number of c i g a r e t t e s  smoked i n  the  1-9 a day group is  about 4 

and i n  the 10-19 group about 13. Information on t h e  o t h e r  groups is 

less r e l i a b l e ,  a s  Lee (1976) only goes up t o  30+ a day i n  h i s  tables, 

4 

and w e  have somewhat a r b i t r a r i l y  assumed the  midpoints are 25 o f - t h e  

20-39 group (it  is dominated by 20 a day smokers) and 50 of the  40+ 

QmuP 

Based on these  assumptions (and the f u r t h e r  one t h a t  deaths between 

the  ages of 16 and 25 a r e  no t  a f fec ted  by smoking) Table 8 shows t h e  

ca l cu la t ions  involved and t h e  r e s u l t s  obtained i n  es t imat ing  the  l o s s  

of l i f e  pe r  c i g a r e t t e  smoked. The f igu res  show t h a t ,  f o r  a 40+ a day 

smoker, the  l o s s  of l i f e  expectat ion is 4.8 minutes,  somewhat d i f f e r e n t  

from the  f igu re  of "almost 6 minutes per  c i g a r e t t e "  given by Diehl (1969) 

who, presumably used s l i g h t l y  d i f f e r e n t  assumptions of age a t  s t a r t i n g  

or average number smoked within the  40+ a day group. I t  is  noteworthy 

t h a t  the  es t imates  of l o s s  of l i f e  p e r  c i g a r e t t e  smoked increase  

continuously with decreasing amount smoked. P a r t i c u l a r l y  noteworthy 

is the  very high f i g u r e  of 31.2 minutes f o r  1-9 a day smokers. This 

may p a r t l y  be due t o  an a r t e f a c t  r e l a t e d  t o  the  f a c t  t h a t  Hammond's 
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l i fe- table  w a s  not based on a study of men who ac tua l ly  smoked t h i s  

number a l l  their l i v e s  but  on t he  mor ta l i ty  experience over a l i m i t e d  

period of men who happened t o  be smoking 1-9 a day a t  t he  t i m e .  I t  

could w e l l  be t h a t  a proportion of t h e  1-9 a day smokers contained 

men who had previously smoked more but  had cu t  down due t o  hea l th  

problems. Such people would presumably be a t  a higher r i s k  than ac tua l  

continuing 1-9 a day smokers. I t  should be pointed out ,  however, looking 

back a t  Table 7,  t h a t  Doll's data does not show as  l a rge  an increase  i n  

r i s k  of death a t  t h e  lowest l eve l  of smoking as Hammond's, Dolls '  1-14 

a day doctors  had a 39% increase  i n  p robab i l i t y  of dying before  65 

(given su rv iva l  t o  35) as compared with never smokers whereas Hammond's 

1-9 a day men had a 48% increase  desp i t e  presumably smoking about h a l f  

as much a s  the  doctors .  

W e  have shown that  loss of l i f e  expectat ion per  c i g a r e t t e  smoked 

depends on t h e  number of c i g a r e t t e s  smoked. W e  can a l so  see from Table  

9 t h a t  the  imp l i c i t  assumption required f o r  t h i s  measure t o  be use fu l ,  

as discussed i n  sec t ion  2 .8 ,  does not  hold. As w e  showed the re ,  the 

assumption t h a t  each c i g a r e t t e  has an equal e f f e c t  implies t h a t  t h e  

r a t i o  of t he  ages a t  which smokers and never smokers reach any given 

proportion surviving is constant.  As can be  seen,  t h i s  is not  so, 

t he  r a t i o  increas ing  s t e a d i l y  over the per iod f o r  any of the  smoking 

groups considered. In f ac t  what is more near ly  constant is t h e  

d i f fe rence  i n  ages t o  reach a given proportion surviving. 

5.2 Loss of l i f e  due t o  lung cancer i n  England and Wales i n  1971-75 

Table 2 ,  given previously,  shows t h e  population, t o t a l  deaths and 

deaths from lung cancer by age for males i n  England and Wales based 

on 1971-75 da ta .  To estimate loss of l i f e  due t o  lung cancer w e  f i rs t  

cons t ruc t  a population l i f e - t a b l e  (see sec t ion  3.3) so t h a t  w e  can 

see w h a t  t h e  e f f e c t  of lung cancer would be on a population having a t  

each age of its l i f e  t he  average mor ta l i ty  rates present  i n  England 

and Wales i n  1971-75. This l i f e - t a b l e  i s  given in Table 10. 

As can be seen from Table  10, lung cancer would be responsible 

f o r  8.4% of t o t a l  deaths i n  such a population, s l i g h t l y  less than t h e  

proportion, 8 . 8 % ,  i n  the ac tua l  population. From the population l i fe -  

t ab le  i t  is poss ib le  t o  ca l cu la t e ,  using adjusted l i f e  tables  (see 

sec t ion  2.10) the expectation of l i f e  of the population i f  lung cancer 

d i d  not  e x i s t  and t o  compare i t  w i t h  t ha t  i n  t h e  adjusted l i f e - t a b l e .  
. .. 



The r e s u l t s ,  given i n  Table 11, a r e  based on ca lcu la t ions  made under 

more than one assumption. F i r s t l y  w e  assumed t h a t  t h e  population w a s  

homogeneous, i .e .  t h a t  those dying of lung cancer would have the  same 
death r a t e s  from o the r  causes as the  r e s t  of t h e  population had lung cancer 

not ex is ted .  Secondly, we assumed (see Appendix B) t h a t  t h e  population 

consis ted of two groups (proportions P ,  1-P) with t h e  f i r s t  group having 

F t i m e s  t he  genera l  l e v e l  of s u s c e p t i b i l i t y  a s  t h e  f i r s t .  

As Table 11 shows, under the  f i r s t  assumption, lung cancer is  

responsible  f o r  a l o s s  of l i f e  expectat ion equal t o  j u s t  about a yea r  

per  head of t he  populat ion o r  equal t o  almost 12 years  i n  those ac tua l ly  

dying of i t .  Under the second assumption, t h e  l o s s  is  smaller, as 

would have been expected. However unless  one pos tu l a t e s  both a f a i r l y  

l a rge  r e l a t i v e  s u s c e p t i b i l i t y  f a c t o r  (F) and a l s o  a suscep t ih l e  proport ion 

(P) which is n e i t h e r  very small nor  very l a r g e ,  the d i f fe rence  is f a i r l y  

marginal. 

divided lung cancer is s t i l l  responsible  f o r  j u s t  over 2/3 of a year  of 

l o s s  of l i f e .  Although a d i f f e r e n t  s o r t  of assumption, i n  which lung 

cancer decedents i n  p a r t i c u l a r  a r e  assumed t o  have been v i r t u a l l y  

c e r t a i n  t o  have died of some o the r  cause very soon a f t e r  t h e i r  age of 

Even when t h e - f a c t o r  is 10-fold and the proport ions equal ly  

death had they survived,  would have reduced the  es t imate  of l o s s  of 

l i f e  due t o  lung cancer t h i s  does not  seem very p laus ib le .  I t  thus 

seem reasonable t o  ass&& t h a t  if deaths  from lung cancer ceased t o  ex i s t ,  

the populat ion a t  l a r g e  would l i v e  the best p a r t  of a year  longer.  

Based on Table 12, which gives numbers of deaths  from ischaemic 

hea r t  disease ( I C D  410-414) and from a l l  neoplasms ( I C D  140-239) 

f o r  the same populat ion a s  for Table 10, w e  ca l cu la t ed ,  f o r  comparison 

with lung cancer ,  t h e  e f f e c t , t h e s e  two major cause of  death ca tegor ies  

have on l o s s  of l i f e .  The resul ts  are summarised i n  Table  13. I t  can 

be seen t h a t ,  per  head of population, l o s s  of l i f e  expectat ion due t o  

lung cancer is about a t h i r d  of t h a t  due t o  a l l  neoplasms and j u s t  over 

a qua r t e r  of t h a t  due t o  ischaemic hea r t  d i sease .  

In the  previous paragraphs w e  have been computing average l o s s  of 

expectat ion of l i f e  due t o  cause of death by comparing the expectat ions 

of l i f e  i n  unadjusted and adjusted l i f e  t a b l e s .  This loss can be 

r e l a t e d  t o  the people dying from the cause by d iv id ing  t h e  t o t a l  years  

l o s t  by the  t o t a l  number dying from the 'cause .  

o the r  workers have computed average y e a r s  l o s t  t o  l i f e  expectancy of 

As noted i n  sec t ion  2.6, 
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people dying from a cause by averaging the  remaining l i f e  expectancy 

of those people a t  t he  t i m e  they died. Table  14 gives ,  based on the 

population l i f e - t a b l e  of Table 10, est imates  of remaining l i f e  

expectancy by age and i l l u s t r a t e s  the method of ca l cu la t ion  used. 

Applying the  f igu res  i n  column 3 t o  t he  numbers of lung cancer deaths 

i n  Tab le  10 one can then show t h a t  the  average l o s s  of l i f e  expectancy 

of lung cancer decedents is 11.91 years. Applying them t o  the  numbers 

of t o t a l  deaths i n  Table 10, t h e  average l o s s ,  a s  noted previously,  

is lower - 11.42 y e a r s .  

- .  I 

5.3 Loss of l i f e  due t o  smoking i n  England and Wales i n  1971-75 

For the purposes of t he  analyses i n  t h i s  s ec t ion  w e  w i s h  t o  compare 

the estimated l i f e  t a b l e  of men who have never smoked with t h a t  f o r  

t he  t o t a l  1971-75 England and Wales male population. The l i f e  table 

of never smokers is not  ava i l ab le  d i r e c t l y ,  but  can be estimated from 

the  information ava i lab le  by age group on population and t o t a l  deaths 

(Table 2 ) ,  d i s t r i b u t i o n  of smoking h a b i t s  (Table 6) and r e l a t i v e  t o t a l  

death r a t e s  by smoking hab i t  group (Table 4 - Assumption A; T a b l e  5 - 
Assumption B). The f i r s t  s t age  i n  the  ca l cu la t ion  is t o  e s t ima te ,  for 

each age group, death r a t e s  wi th in  each smoking hab i t  group. The 

method used t o  do t h i s  is i l l u s t r a t e d  i n  Table 15 taking the  60-64 

age group as  an example and using assumption A. The r e s u l t s  obtained 

a re  given i n  Tab le  16 (Assumption A) and Tab le  17 (Assumption B ) .  

From the  est imates  of death rates of never smokers, t h e i r  survivor-  

sh ip  funct ions can e a s i l y  be ca lcu la ted .  The funct ions under both 

assumptions, and t h a t  f o r  the  t o t a l  population (taken from Table 10) 

a r e  given i n  Table 18. From Table 19, which gives c e r t a i n  c h a r a c t e r i s t i c s  

of these  survivorship func t ions ,  i t  can be seen t h a t ,  assuming 

c i g a r e t t e s  have a s  much r e l a t i o n  with mor t a l i t y  i n  1971-75 as  they d i d  

some 15 years earlier i n  Dorn's study (Assumption A ) ,  i f  t he  whole 

male population of England and Wales w e r e  never smokers then t h e i r  

l i f e  expectat ion (72.3 years) would b e 3 . 2 y e a r s  g rea t e r  than tha t  of 

t he  cur ren t  population (69.1 years ) .  On t he  a l t e r n a t i v e  assumption, 

t h a t  the excess r i s k  r e l a t e d  t o  smoking c i g a r e t t e s  i n  1971-75 is  only 

60% of what i t  was i n  Dorn's study,  t he  d i f fe rence  is 2.4 years .  

I t  is a l s o  of i n t e r e s t  t o  compare the est imated l i f e  table of  men 

who have never smoked with t h a t  of continuing c i g a r e t t e  smokers and 
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continuing pipe and/or c iga r  only smokers. 

given i n  Table 20 (Assumption A) and Table 21 (Assumption B) based on 

the death rate estimates given previously i n  Tables 16 and 17, and 

t h e i r  mor ta l i ty  is  compared i n  Table 22. I t  can be seen tha t  under 

Assumption A t he  expectat ion of l i f e  of continuing c i g a r e t t e  smokers 

is 4.96 y e a r s  less than t h a t  of never smokers while t h a t  of pipe and/or 

These three  l i f e  t ab le s  a r e  

c iga r  smokers is 0.69 y e a r s  less. Under Assumption B these d i f fe rences  

are 3.39 years and 0.80 y e a r s  respect ively.  

Table 23 gives estimates of t he  average annual consumption of 

manufactured c i g a r e t t e s  pe r  male smoker by 5 y e a r  age groups. These 

f igures  a re  averages f o r  data f o r  the years 1971-75 given i n  Lee (1976), 

with the f igu res  f o r  the highest  2 age groups estimated by extrapolat ion.  

Taking these est imates  as  being appl icable  t o  the average annual 

consumption of a l l  c i g a r e t t e  smokers (data f o r  hand-rolled smokers is 

not  avai lable)  one can then apply them t o  the estimated l i f e  t a b l e s  f o r  

c i g a r e t t e  smokers given i n  Table 20 (Assumption A) and Table 21 (Assumption 

B) t o  produce est imates  of l i f e t i m e  c i g a r e t t e  consumption. Thus, under 

Assumption A ,  the  l o s s  of expectation of l i f e  of c i g a r e t t e  smokers of 

4.96 years can be related t o  an estimated lifetime average consumption 

of 398,000 c i g a r e t t e s  t o  y i e l d  an estimate of l o s s  of l i f e  per  c i g a r e t t e  

of 6.6 minutes. S imi la r ly ,  under Assumption B ,  t he  estimated l i f e t i m e  

average consumption of 402,000 c i g a r e t t e s  gives an estimate of l o s s  of 

l i f e  per  c i g a r e t t e  of 4.4 minutes. 
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6 .  Discussion 

From the  preceding sec t ions  i t  can be  c l e a r l y  seen tha t  there  are 

r i g h t  ways and wrong ways t o  quant i fy  the e f f e c t  of a disease o r  a 

f ac to r  causing i t  on loss of l i f e .  That t h i s  is  not  general ly  recognised 

can be seen from Miller's recent  (1977) observation tha t  people who 

smoke f i l t e r  c i g a r e t t e s  d i e  two t o  four  years  sooner than smokers of 

p l a in  c i g a r e t t e s ,  and h i s  subsequent attempt t o  explain t h i s  f ind ing  

in terms of higher  blood carbon monoxide l eve l s  i n  the  blood of people 

who smoke f i l t e r  c iga re t t e s .  H i s  s tudy w a s  based on a cross-sect ional  

observation of deaths occurring between 1972 and 1974 i n  Pennsylvania 's  

E r i e  County, and the  d i f fe rence  i n  average age a t  death observed of 

f i l t e r  and p l a in  smokers can be explained by the f a c t  t h a t  the  average 

age of l i v i n g  f i l t e r  smokers (due t o  the switch t o  f i l t e r s  occurr ing 

more i n  younger smokers) is markedly lower than t h a t  of p l a in  smokers. 

Had Miller compared r e l a t i v e  death rates o r  expectat ions of l i f e  based 

on l i f e - t ab le s  (both of which would have required observation of 

f i l t e r  and p l a in  smoking h a b i t s  i n  the  l i v i n g  population also)  he would 

have doubt less  found, i n  l i n e  with the  s t u d i e s  w e  quoted i n  sec t ion  3.2, 

t h a t  f i l t e r  c i g a r e t t e s  were i n  f a c t  s a f e r ,  and not the  reverse .  

However, though i t  is easy t o  see i n  some cases t h a t  p a r t i c u l a r  

s t a t i s t i c a l  approaches a re  wrong i t  is  not  so easy,  i n  the  case of 

smoking, t o  a r r i v e  a t  estimates of l o s s  of l i f e  which are r i g h t .  Death 

is  a f a i r l y  r a r e  event ,  and, t he re fo re ,  t o  ge t  information on adequate 

numbers of deaths of people of d i f f e r e n t  smoking h a b i t s ,  i t  has been 

necessary i n  a l l  the  major prospect ive s t u d i e s  t o  study deaths over a 

f a i r l y  long period of t i m e .  When one addi t iona l ly  takes  i n t o  account 

the  t i m e  required t o  repor t  the r e s u l t s  of these s tud ie s ,  the  f a c t  t h a t  

the  tar  y i e l d  of t h e  average c i g a r e t t e  smoked has  reduced rap id ly  and 

t h e  evidence t h a t  the  lowering of average t a r  y i e lds  has been bene f i c i a l  

t o  h e a l t h  (see sec t ion  3.2) i t  is  clear tha t  estimates of t h e  r e l a t i v e  

death rates of smokers and non-smokers derived from the major prospect ive 

s t u d i e s  are v i r t u a l l y  c e r t a i n  t o  be markedly too high,  though by how 

much one cannot know prec ise ly .  

I t  is a l so  poss ib le  tha t  the f a c t  t h a t  a l l  three of the major 

prospect ive s tud ie s  considered here  (see sec t ion  4.2) s tudied  na t iona l ly  

unrepresentat ive populations might have caused a b i a s  in r e l a t i v e  r i s k  

estimates. However, though t h e  ac tua l  l e v e l s  of mor ta l i ty  i n  these 

s t u d i e s  are known t o  be d i f f e r e n t  from na t iona l  l e v e l s ,  the consistency 
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of the estimates of r e l a t i v e  l e v e l s  of mor t a l i t y  of never smokers and 

c i g a r e t t e  only smokers i n  the th ree  s t u d i e s  (Table 31, makes i t  s e e m  

un l ike ly  t h a t  the r e l a t i v e  l eve l s  of mor t a l i t y  i n  the U.S. and U.K. 
populations around the t i m e  of the three s t u d i e s  of these two groups 

d i f f e r e d  much from those found i n  the s tud ie s .  Unrepresentativeness 

does not  seem a major problem therefore .  

A more d i f f i c u l t  problem i n  quant i fying the r e l a t ionsh ip  of 

smoking t o  mor t a l i t y  is the f a c t  t h a t  many smokers modify the amount 

they smoke during t h e i r  l i v e s .  I f ,  as  is o f t en  the case,  t h i s  

modification is due t o  symptoms assoc ia ted  w i t h  smoking, it can be 

seen tha t  cons t ruc t ion  of life-tables using prospect ive study data on 

r isk of smoking by age may be somewhat misleading inasmuch as  the data 

used on men i n  younger age groups is l i k e l y  t o  include some information 

on men who f a i l  t o  reach o l d e r  age groups, no t  because they d i e ,  bu t  

because they  give up. For t h i s  reason alone i f  one took a random 

sample of the  population and forced them t o  smoke throughout their  l i v e s  

( the  analogue of animal experiments) the ac tua l  loss of l i f e  expectat ion 

observed i n  t h i s  group as compared w i t h  a con t ro l  group of continuing 

non-smokers may w e l l  be d i f f e r e n t  t o  the es t imates  w e  ca l cu la t e .  I t  

would of course a l s o  be l i k e l y  t o  be d i f f e r e n t  because smokers a r e  

c l e a r l y  no t  a random sample of the whole population i n  so many ways. 

Bearing a l l  these reserva t ions  i n  mind, one can c a l c u l a t e  t h a t ,  

assuming the r e l a t i v e  r i sks  of smokers and never smokers a re  a s  found 

by Kahn (1966), (Assumption A ) ,  and assuming t o t a l  death rates are 

those observed i n  England and Wales i n  1971-75, the  average male 

c i g a r e t t e  smoker can expect t o  l i v e  almost 5 years  less than the  average 

male never smoker. Put another way, one can show that  23% of male 

c i g a r e t t e  smokers a r e  l i k e l y  t o  d i e  be fo re  age 60, i f  they continue t o  

smoke, as compared w i t h  134% of male never smokers. If the r e l a t i v e  

risks of c i g a r e t t e  smokers t o  never smokers a r e  assumed t o  be 60% of 

those given by Kahn (Assumption B ) ,  a s  may be the case nowadays due 

t o  the switch t o  lower t a r  c i g a r e t t e s ,  then the l o s s  of l i f e  expectat ion 

r e l a t e d  t o  smoking f a l l s  t o  3.39 years. 

This l o s s  of l i f e  expectat ion can be expressed on a per  c i g a r e t t e  

smoked b a s i s  by d iv id ing  by the estimated average t o t a l  l i f e t i m e  

c i g a r e t t e  consumption of c i g a r e t t e  smokers (about 400,000 c i g a r e t t e s )  

t o  give f igu res  of 6.6 minutes (Assumption A) and 4.4 minutes (Assumption 

B). However, apa r t  from the f a c t  t ha t  i t  assumes, which is  un l ike ly  t o  
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be the case (see sec t ion  3.1), t h a t  excess death rates of smokers 

are wholly due t o  their smoking, t h i s  estimate is  open t o  c r i t i c i s m  

on two grounds. F i r s t l y ,  as noted i n  sect ion 2 . 8 ,  t he  t h e o r e t i c a l l y  

proper way t o  compute average l o s s  per  c i g a r e t t e  smoked i s  t o  c a l c u l a t e ,  

f o r  each person, h i s  l o s s  per  c i g a r e t t e  and then t o  average it (which 

is  not  p r a c t i c a l  as  one cannot estimate l i f e  expectation on an individual  

basis) and not as  we-have done t o  divide average loss by average number 

of c i g a r e t t e s  smoked. Secondly, and more importantly,  t he  argument of 

sec t ions  2 . 8  and 5.1, show c l e a r l y  t ha t  i n  f a c t  each c i g a r e t t e  does 

- not  take an equal amount o f f  l i f e  expectation. The use of t h i s  

s t a t i s t i c  t o  quantify loss of l i f e  related t o  smoking cannot be 

recommended. 
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7 .  Summary 

The merits of a number of d i f f e r e n t  ways of  es t imat ing l o s s  of l i f e  in 

r e l a t i o n  t o  a d i sease  or t o  a f a c t o r  causing i t  a re  discussed. I t  is 

concluded t h a t  those based on l i f e - t a b l e s ,  such as "expectation of 

l ife" or "percentage dying between given ages", are l i k e l y  t o  be  the 

most useful .  Among s t a t i s t i c s  t o  be avoided are "average age a t  death" 

based on cross-sect ional  observat ions,  which can lead  t o  gross b i a s ,  

and "number of deaths a t t r i b u t a b l e  t o  a fac tor"  which is d i f f i c u l t  t o  

i n t e r p r e t  and gives l i t t l e  usefu l  information. The problems involved 

i n  i n f e r r i n g  l o s s  of l i f e  expectat ion due t o  a s i n g l e  exposure t o  a f a c t o r  

from observat ions on a population exposed continuously- or a t  r egu la r  i n t e r n a l s  
throughout their  l i v e s  are s t r e s s e d ,  and i t  is shown t h a t  t he  assumption 

that each exposure leads t o  an i d e n t i c a l  l o s s  of l i f e  expectat ion 

implies  the ex is tence  of a p a r t i c u l a r  mathematical r e l a t ionsh ip  between 

the l i f e - t a b l e s  of exposed and non-exposed populations.  

The choice of appropriate  d a t a  t o  use i n  cons t ruc t ing  l i f e - t a b l e s ,  

where f u l l  l ifetime su rv iva l  h i s t o r y  of a population is not ava i l ab le ,  

I s  discussed and i t  is  concluded t h a t  life-tables constructed from up- 

to-date cross-sect ional  da ta  a r e  most u se fu l  a s  a b a s i s  f o r  quant i fy ing  

the  cur ren t  s i t u a t i o n .  

for assess ing  l o s s  of l i f e  due t o  smoking a r e  noted, p a r t i c u l a r l y  

important being the  f a c t  t h a t  the  major sources of r e l i a b l e  information 

on the r e l a t i v e  r i s k  of death by age of smokers and non-smokers a l l  

refer t o  a time period when the average c i g a r e t t e  smoked had a much 

higher tar  y i e l d  than it does today. 

The problems of cons t ruc t ing  such l i f e - t a b l e s  

A number of appl ica t ions  of the methodology a r e  made t o  es t imat ing  

loss of l i f e  related t o  smoking. For example, it is shown t h a t ,  assuming 

the whole of the excess of t he  death rates of smokers over non-smokers 

is due t o  their  smoking, and assuming t h a t  the i r  r e l a t i v e  r i s k s  of 

death by age are as  found i n  the  U.S. Veteran's s tudy,  the l i f e  

expectat ion of the male population of England and Wales would be 3.4 

years  g r e a t e r  i f  none of them had ever  smoked. The di f fe rence  i n  l i f e  

expectat ion of never smokers and continuing smokers under these same 

assumptions is almost 5 years which, r e l a t e d  t o  the e s t ina t ed  l i f e t i m e  

c i g a r e t t e  consumption of smokers of about 400,000 c i g a r e t t e s ,  means 

an estimated average l o s s  of l i f e  p e r  c i g a r e t t e  of 6 . 6  minutes. 

However comparison of the l i f e - t a b l e s  of smokers and non-smokers makes 

i t  q u i t e  c l e a r  t h a t  each c i g a r e t t e  smoked does not  have the same effect 

on l o s s  of life- . .  
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APPENDIX A - "Deaths associated with smoking" - an es t imate  of t h e  

reduction i n  deaths tha t  would occur over 25 years  i f  t h e  population 

had never smokers death r a t e s  

A s  w e  point  out i n  Sect ion 2.4, the  "number of deaths associated 

with smoking" as  ca lcu la ted  by, e .g .  R.C.P. (1971), is , i n  f a c t ,  an 

es t imate  of the  number of deaths  t h a t  would not  have occurred i n  the  

y e a r  following >a universa l  giving up of smoking assuming t h a t  on giv$g 

up, smokers age-specific death rates rever ted  at once t o  those of never 

smokers. This s ta t is t ic  ignores completely the  f a c t  t h a t  everyone must 

d i e  at some t i m e  and only measures a short-term e f f e c t .  The purpose 

of t h i s  Appendix is t o  estimate, under c e r t a i n  assumptions, t h e  number 

of male deaths  t h a t  would occur i n  England and Wales each year  f o r  25 

y e a r s  given t h e  population a t  l a r g e  had non-smokers death rates and t o  

compare these  numbers with those t h a t  would occur i f  t h e  population 

kept t o  present  death rates. 

- The present  (1971 - 1975) average d i s t r i b u t i o n  of t h e  England and 

Wales population and cu r ren t  numbers of deaths by 5 year age groups has  . 
been given previously i n  Table 2 .  Estimated death r a t e s  of non-smokers 

under two assumptions A and B (see Sect ion 4.5)  have a l s o  been given in 

Tables 16 and 17. To compute, f o r  a p a r t i c u l a r  set of death r a t e s ,  expected 

numbers of deaths occurr ing i n  each of t h e  following 25 yea r s ,  

ca l cu la t ions  were made . .  f o r  s i n g l e  y e a r  cohorts.  For each cohort  

. t h e  number a l i v e  a t  t h e  beginning of t h e  25 year::period was ca l cu la t ed  

from-tfie population f igu res  f o r  t h e  corresponding age group 

i n  Table 2 assuming t h a t  t h e  age-d is t r ibu t ion  within t h e  population w a s  

uniform. (Thus the  cohort aged 32 years  o l d  i n i t i a l l y  w a s  assumed t o  

number 301,404 i n i t i a l l y ,  one f i f t h  of the  1,507,020 people aged 30-34 

i n  T a b l e  2). The numbers i n  the  cohort  were then successively reduced 

by applying the  death r a t e  f o r  t h a t  5 y e a r  age group, tak ing  i n t o  account 

t h a t  i n  each successive y e a r  t h e  cbhort  would be one degree o lde r .  

Cohorts born a f t e r  t h e  beginning of t he  period were started o f f  with 

356,300 a l i v e  ( i . e .  assuming the  b i r t h  r a t e  of Table 2 remained cons tan t ) .  

Cohorts reaching ages of 90 o r  over had t h e  death r a t e  of t h e  90+ group 

applied t o  them t h e r e a f t e r .  

Table A 1  shows the numbers of deaths tha t  would b e  expected t o  

occur assuming 

i) death r a t e s  s tayed constant  a t  present  r a t e s  

ii) death r a t e s  stayed constant  a t  never smokers r a t e s  estimated 
under Assumption A 



iii) death r a t e s  s tayed constant  a t  never smokers r a t e s  estimated 
under Assumption B. 

I t  a l s o  shows the d i f fe rences  between (ii) and (i), and between (iii) 

and (i) , i .e .  i n  the "deaths associated w i t h  smoking" under the  two 

assumptions. 

Tbe estimates show t h a t ,  assuming h i s t o r i c a l  f i gu res  of t he  r e l a t i v e  

r i s k  of smoking der ived from p a s t  prospect ive s t u d i e s  apply nowadays 

(Assumption A ) ,  72,000 less deaths of males would occur i n  England and 

Wales i n  1976 i f  t h e  population a t  l a r g e  had never smokers death r a t e s .  

However i f  t h e  population continued t o  have non-smokers death r a t e s ,  

these  estimates of deaths  associated w i t h  smoking decrease s t e a d i l y  

w i t h  time, reaching 36,000 by 1988 and 12,000 by the  y e a r  2,000. 

Under Assumption B, where one is  assuming t h a t  t h e  r e l a t i v e  risk of smoking 

applying nowadays is  r a t h e r  less than t h a t  under Usumption A due t o  the  

s w i t c h  t o  lower t a r  f i l t e r  c i g a r e t t e s ,  t h e  estimated deaths associated 

w i t h  smoking a r e  cons i s t en t ly  about t h ree  qua r t e r s  of those under 

Assumption B. 

I t  should be noted that  , i n  f a c t  , as  time passes over the  per iod 

1976 - 2000 an increas ing  number of smokers (and ex-smokers) w i l l  have 

smoked predominantly lower t a r  f i l t e r  c i g a r e t t e s  during the i r  l i f e t i m e  

and t h a t  i t  is  somewhat u n r e a l i s t i c  t he re fo re  t o  assume both constancy 

of death r a t e s  assuming that  no smokers g ive  up and a s  high r e l a t i v e  

r i s k s  a s  those used f o r  Assumption B. W e  have no t  made ca l cu la t ions  

tak ing  t h i s  f a c t  i n t o  account as  t h e  data is no t  ava i l ab le  t o  do t h i s  

a t  a l l  accurately.  However it is  c l e a r  t ha t  the effect of such a 

ca l cu la t ion  would be t o  decrease t h e  deaths  assoc ia ted  by a proportion 

that  would increase  over t h e  t i m e  period considered. In  o t h e r  words 

the  drop-off i n  "deaths assaciated" would be even s teeper .  than w e  suggest 

i n  Table Al. \ 



APPENDIX B - Calculation of adjusted l i f e - t ab le s  not assuming 

independence 

Given a l i f e - t a b l e  f o r  a s i n g l e  group i n  which, f o r  each t i m e  

i n t e r v a l  i (i = 1 .. . n) w e  observe the  number a l i v e  a t  t h e  beginning 

of t h e  i n t e r v a l  A 

from a p a r t i c u l a r  cause of i n t e r e s t  L W e  wish t o  estimate t h e  l i f e -  

table that would have ex i s t ed  had deaths from the  p a r t i c u l a r  cause of 

i n t e r e s t  no t  occurred, i.e. t h e  adjusted l i f e - t a b l e .  W e  assume t h a t  

t h e  population cons i s t s  of t w o  groups of ind iv idua ls ,  one groups 

("susceptiblies") having F t i m e s  t he  s u s c e p t i b i l i t y  t o  death from a l l  

causes of t h e  o ther  group ("normals"). We a l so  assume t h a t  both F and 

t h e  proportion of suscept ib les  at t h e  beginning of t h e  f i r s t  i n t e r v a l  

p are known. 

t he  t o t a l  number dying Di and the  number dying i '  

i '  

i 

Wong (1977) derived t h e  following formula f o r  the p robab i l i t y ]  pi]  

of dying i n  the  i t h  i n t e r v a l  given the  cause of death of i n t e r e s t  is 

removed. 

(Di-Li) Li (Di-Li) 
+ F -  

i Ai i 
A 

- - 
pi A 

Now (D. -L . ) /A .  is simply the crude probabi l i ty  of dying from 
1 1  1 

causes other  than the  one of i n t e r e s t ,  and L./A. is the crude probabi l i ty  

of dying from the  cause of i n t e r e s t .  I t  follows h i s  formula "reincarnates" 

the  whole of the L .  people dying from the  cause t o  be  removed and appl ies  

the former crude probabi l i ty  mult ipl ied by F t o t h e n ,  ignoring the f a c t  

t h a t  these decedents are already known t o  have survived t h e  Qther  causes 

of death f o r  a p a r t  (on average, about h a l f )  of t h e  i n t e r v a l .  Further- 

more, Wong does not take i n t o  account i n  h i s  formulae t h e  f a c t  t h a t  i n  

1 1  

1 

subsequent i n t e r v a l s  t h e  reincarnated survivors  w i l l  have a g r e a t e r  

r i s k  of dying assuming t h e i r  extra s u s c e p t i b i l i t y  continues.  In  the 

following paragraphs, t he re fo re ,  w e  consider t h e  est imat ion afresh.  ' 

Consider t h e  i t h  t i m e  i n t e r v a l  and l e t  the  proportion of t he  popu- 

l a t i o n  who are suscept ib les  b e  ? L e t  t h e  length of t h i s  i n t e r v a l  be 

Ti and l e t  us assume i t  t o  be small enough f o r  t h e  fo rce  of mor ta l i ty  

i n  t h e  normal population from causes o the r  than the  one of i n t e r e s t  t o  

be taken as  constant (= a i l ,  and t h a t  from the  cause of i n t e r e s t  a l so  

t o  be taken as constant  (= 6,). 
mor ta l i ty  w i l l  therefore  be  Fai and FBi respec t ive ly .  

i '  

In t h e  suscept ib les  t he  forces  of 



Now the t o t a l  su rv iva l  from a l l  causes 

i s  estimated by 

and the  r e l a t i v e  mor ta l i ty  

a ,/B by (Di'Li)/Li 

Subs t i t u t ing  from (1) i n t o  (2) and w r i t i n g  

Q = e-(-= T D./(Di-Li)) i i l  

t h i s  gives  t h e  equation 

P .Q F + (l-Pi)Q = (Ai-Di)/Ai 
1 

I t  can e a s i l y  be  seen t h a t  t h i s  equation has one real 

root  i n  the range ( 0 , l )  which can b e  o b t a i n e d - i t e r a t i v e l y  

.without d i f f i c u l t y  . 

(Di-Li) /Di 
exp(-a T . )  = Q i i  

The est imated su rv iva l  r a t e  i n  the normal population due 

t o  a l l  causes except t he  one t o  be el iminated i s  thus given by 

Simi la r ly  

(3) 

(4) 

(5) 

I t  is now poss ib l e  t o  def ine  a sequence of recurs ive  equations 

t o  show how the  l i f e - t a b l e  es t imate  is  b u i l t  up. L e t ,  a t  t h e  beginning 

Ai,  D i ,  Li, H and J. be  known, where of t he  i n t e r v a l ,  values of P 

the  f i r s t  fou r  terms have been defined previously,  and H .  and J are 

defined as fol lows.  

i' i 1 

1 i 

number of l i v i n g  "reincarnated" suscep t ib l e s  , i . e .  
t h e  add i t iona l  number of suscep t ib l e s  t h a t  would 
have been a l i v e  had the  cause of death of i n t e r e s t  
been el iminated.  

Hi 

number of l i v i n g  "reincarnated" normals . 'i 

I t  follows t h a t  



is t h e  t r u e  number of suscept ib les  a l ive .  

is the t r u e  number of normals a l i v e  

*iPi 

A .  (l-Pi) 

A. +Hi+Ji 

1 

is  the adjusted l i f e - t a b l e  estimate. 1 

A1 

We now est imate  e-(-= T 1 and exp(-B T ) .from equations (5) i i  i i  
and (6) .  

(DS.) is given by the  expression 

The t o t a l  number of suscept ib les  dying i n  the  i n t e r v a l  

1 

F DSi 5 A P (1-Q ) i €  

and the  t o t a l  number of normals dying (DNi) by 

DNi = Ai(l-Pi)(l-Q) 

It follows t h a t  Pi+l, t he  proportion suscept ib le  a t  t he  beginning 

of t he  next  i n t e r v a l  ( o r  end of t h i s  one),  i s  given by 

O f  the l i v i n g  reincarnated suscept ib les  H a proportion 
i ', 

l-exp(-FqTi) w i l l  "die" i n  the i n t e r v a l  due t o  causes o ther  than the 

one eliminated. However, there  w i l l  a l s o  be an increase i n  t h e i r  

numbers due t o  the  d i f fe rence  between t h e  ac tua l  force  of mor ta l i ty  

occurring and t h a t  t h a t  would have occurred had t h e  cause of death 

been eliminated. I t  follows t h a t  

- Hi+l - (Hi+AiPi) exp(-Fa i i  T ) 

Simi l a r l  y 

Given t h a t ,  a t  t he  beginning of t h e  f i r s t  i n t e r v a l  H1 and J1 

me defined as  0 ,  and given, as  noted above t h e  user  suppl ies  estimates 

of P1 and F, t h e  above equations supply a l l  t h a t  is needed f o r  

ca lcu la t ion  of the adjusted l i f e - t a b l e .  
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APPENDIX C - Estimation of d i s t r i b u t i o n  of England and Wales male 

population by smoking habi t  and age 

Table 6 gives the  estimated d i s t r i b u t i o n  of t h e  England and Wales 

male population by smoking hab i t  and age. This was derived from L e e  

(1976), assuming such da ta  f o r  t h e  United Kingdom as a whole could be 

applied t o  England and Wales, as  follows. 

F i r s t l y ,  Table 11M was used t o  e x t r a c t  t he  following data on 

percentage of smokers of each type of product by age for 1971 t o  1975 by 

averaging t h e  f igures  given f o r  1971 and 1975. 

Age group 

1. A l l  smokers of manufactured c i g a r e t t e s  49.5% 42.0% 

2. Hand-rolled c iga re t t e s  only 

3. Pipe only 

4. Cigars only 

5.0% 5.5% 

4.5$ 9.5% 

4.0% 2.5% 

5. Ex-smokers 19.5% 26 .O% 

6. Have never smoked 15.5% 11.0% - 
Total  98.0% 96.5% 

The reason the  f igures  do not  add up t o  100% is  t h a t  no da ta  is 

ava i l ab le  f o r  two smoking h a b i t  groups; 7. hand-rolled c i g a r e t t e s  and 

(pipe and/or c igars )  and 8. pipe and c iga r s  (but no c i g a r e t t e s ) .  

. A r b i t r a r i l y  assigning the  res idue  equal ly  (1% each) t o  both ca tegor ies  

f o r  35-59 year  o lds  and 2% t o  category 7 and 13% to category 8 f o r  

60+ y e a r  o lds ,  one could then compute the  d i s t r i b u t i o n  by the  four  

smoking h a b i t  groups of i n t e r e s t  as follows. 

Age group 

Current smokers of c iga re t t e s  
(ca tegor ies  1, 2 and 7) 

Current smokers of pipes and/or c iga r s  
only (ca tegor ies  3, 4 and 8) 

Ex- smok ers 

60+ - 35-59 

55.5% 49.5% 

9.5% 13.5% 

19 e 5% 26 .O$ 

Never smoked 15.5% 11.0% 

Tot a1 . 100.0% 100.0% 



I t  should be noted tha t  the smoking hab i t  group, current smokers 

of c i g a r e t t e s ,  w a s  defined so as t o  include both manufactured and hand- 

r o l l e d  c i g a r e t t e  smokers. This was to  br ing  the  da t a  i n  l i n e  with t h a t  

from the three prospective s tud ie s ,  i n  a l l  of which such a de f in i t i on  

had been used. 

Next w e  wished t o  check whether the  percentages derived could be 

taken as  va l id ly  .applying t o  the  whole of t h e  age range they contain.  

L e e  does not  give information d i r e c t l y  on the d i s t r i b u t i o n  of t h e  

population by smoking h a b i t s  and f i v e  year age ranges but some information 

can be gained on t h i s  i n d i r e c t l y  from T a b l e  14M which gives the  annual 

consumption of manufactured c i g a r e t t e s  per adul t  by 5 year age groups 

and T a b l e  17M which gives t h e  annual consumption p e r  smoker. Averaging 

t h e  f igu res  given f o r  each year  from 1971-75 i n  Table 14M and dividing 

by t h e  corresponding averages f o r ,  Table 1 7 M  gives estimates of t he  

proportion of t h e  male population smoking manufactured c i g a r e t t e s  as 

follows. 

Percentage of manufactured 
Age group c i g a r e t t e  smokers 

35-39 
40-44 
45-49 
50-54 
55-59 

60-64 
65-69 
70-74 
75-79 

80+ 

50.6% 
50.5% 
54.0% 
50.7% 
45.4% 

45.4% 
44.5% 
37.9% 
30.8% 
25.3% 

I t  can be  seen t h a t ,  wi thin the 35-59 age range, t h e  percentage of 

manufactured c i g a r e t t e  smokers is  f a i r l y  constant  within each 3 year  

age group. For t h i s  age range the re fo re  w e  propose t o  assume t h a t  t h e  

d i s t r i b u t i o n  of t h e  population by the  4 smoking h a b i t  groups given 

above appl ies  t o  each 5 y e a r  age group within i t ,  ignoring va r i a t ions  

which are e s s e n t i a l l y  minor. 

For t h e  60+ age range, however, it i s  q u i t e  c l e a r  t h a t  t h e  per- 

centage of manufactured c i g a r e t t e  smokers, and hence presumably t h a t  

of a l l  c i g a r e t t e  smokers, decreases s t ead i ly  with age. Within t h i s  

age range w e  therefore  estimated t h e  percentage of a l l  c i g a r e t t e  smokers 

separa te ly  f o r  each 5 year  age group by multiplying the above f igu res  

by t h e  r a t i o  49.5/42.0 observed f o r  t he  r a t i o  % of a l l  c i g a r e t t e  smokers/ 

Z of manufactured c i g a r e t t e  smokers f o r  t h e  60+ age group as  a whole. 



Rounding t h e  answers t o  t h e  neares t  4% t h i s  gives 

Estimated. percent age of 
Age group current  c iga r  e t  t e smokers 

60-64 
65-69 
70-74 
75-79 

SO+ 

53.5% 
52.5% 
44.5% 
36.5% 
30.0% 

..I. 

U 

Next, as  66% of the 80+ age group are aged 80-84, and as  it is 

l i k e l y  t h a t  a much higher  proportion than t h i s  w e r e  a c tua l ly  i n t e r -  

viewed, i t  w a s  decided t o  take t h e  estimate of 30.0% given i n  t h e  

table above as  applying t o  t h e  80-84 age group. E s t i m a t e s  of t h e  

percentage of current c i g a r e t t e  smokers f o r  ages 85-89 and 90+ were 

made by ex t rapola t ion ,  assuming t h e  proport ional  reduction in per- 

centages of cur ren t  c i g a r e t t e  smokers observed over t h e  age range 65-69 

to  80-84 per s i s t ed .  This gave f igu res  of 25.0% f o r  85-89 and 21.0% for 

90-94 y e a r  olds.  

F ina l ly  it w a s  assumed t h a t  t h e  reductions observed i n  t h e  per- 

centage of c i g a r e t t e  smokers were balanced by corresponding increases  

i n  t h e  percentage of ex-smokers, w i t h  percentages of never smokers and 

p ipe  and/or c igars  only remaining constant  throughout t h e  60+ age range. 

This r e su l t ed  i n  the  f igu res  presented i n  Table 6 .  

I t  should be noted t h a t ,  f o r  our purposes, q u i t e  marked inaccuracies  

i n  t h e  estimates of t h e  r e l a t i v e  proportion of ex-smokers, never smokers 

and pipe and/or c igar  smokers a t  o lde r  ages w i l l  make l i t t l e  d i f fe rence  

t o  our conclusions as  t he  r e l a t i v e  r i s k  observed i n  these three groups 

i s  not very d i f f e r e n t  (see Table 4) .  The e s s e n t i a l  is t h a t  t h e  pro- 

port ion of current  c i g a r e t t e  smokers should be reasonably accura te ,  

a n d . i t  seems l i k e l y  t h i s  i s  so. 
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TABLE 2 

Population, t o t a l  deaths and deaths from lung cancer by age 

Males - England and Wales (1971 - 75) 

Age 
group 

0 

1- 4 

5-9 

10-14 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

70-74 

75-79 

80- 84 

85- 89 

90+ 

Population 

356,300 

1,544 , 760 
2,061,000 

1 , 972,380 
1 , 779,120 
1 ,790,980 

1,811 , 160 
1,507,020 

1,439,340 

1,439,580 

1,489,740 

1,518,080 

1,332,360 

1 , 324,300 
1,092,120 

745,460 

415,180 

218 , 130 
85,320 

26,370 

Total deaths 
p e r  year 

6,670 

1,149 

795 

680 

1,539 

1,745 

1,587 

1,604 

2,269 

4,092 

7,891 

13,815 

20,402 

33,368 

45,517 

49,682 

42,231 

32 , 653 
18,671 

8,594 

Deaths from lung 
cancer per year 

0 

1 

0 

0 

1 

6 

17 

35 

83 

251 

743 

1,616 

2,756 . 

4,689 

5,672 

5 , 121 
3,072 

1 , 341 
411 

83 

Tot a1 23,948,700 294,954 25,898 



TABLE 3 

Tota l  and r e l a t i v e  death r a t e s  of never smokers and c i g a r e t t e  
only smokers by age taken from th ree  prospect ive s t u d i e s  

Age 
group 

35-44 

45-54 

55-64 

65-74 

75-84 

Study 

1 Doll2 
Dorn 
Hammond 

Doll 
Dorn 
Hammond 

Doll  
Dorn 
Hammond 

Doll  
Dorn 
Hammond 

Doll  
Dorn 
Hammond 

Death r a t e s  

Never 
smokers 

142 
127 
211 

36 0 
264 
402 

1086 
1056 
1187 

2907 
2411 
3.118 

8145 
62 14 
7897 

(pe r  100,000 p e r  year) 

C iga re t t e  only R e 1  a t  i v e  
smokers r a t e s  

2665 4 

2226 
384 

819 
758 
886 

1.87 
1.75 
1.82 

2.28 
2.87 
2.20 

2134 1.97 
19 42 .1.84 
2207 1.86 

5327 1.83 
4313 1.79 
4918 1.58 

11150 1.37 
9581 1.54 

10635 . 1.35 

1. Calculated from T a b l e  XIII, Doll and Pet0 (1976) 

2. From Appendix Table A, pp. 30 and 46, Kahn (1966) 

3. From T a b l e  4, Hammond (1966) 

4. S t a r t e d  smoking before  25 years  of age and continuing t o  smoke 
and no h i s t o r y  of ever  smoking anything bu t  c i g a r e t t e s  

5.. 

6. Ciga re t t e s  only ( l i f e t i m e  h i s t o r y ) .  

Current smokers of c i g a r e t t e s  only 



TABLE 4 

Total  and r e l a t i v e  death r a t e s  of four smoking hab i t s  by age 
from t h e  Dorn Study (Kahn (1966)) - Assumption A 

Age Death r a t e  (per Relat ive rates 
group Smoking group 100,000 per y e a r )  t o  never smokers 

35-44 Never smokers 12 7 1.00 

Current c i g a r e t t e  232 1.83 
, .  

- smokers 

Current pipe and/or 180 1.42 
c igars  only 

Ex-smokers 13 4 1.06 

45-54 Never smokers 

Current c iga re t t e  
smokers 

Current pipe and/or 
c igars  only 

Ex-smokers 

55-64 Never smokers 

Current c i g a r e t t e  
smokers 

Current pipe and/or 
c iga r s  only 

Ex-smokers 

65-74 Never smokers 

Current c i g a r e t t e  
smokers 

264 

72 8 

377 

359 

1056 

1819 

1100 

132 8 

2411 

4032 

Current pipe and/or 2633 
c iga r s  only 

Ex-smokers 3077 

1.00 

2.76 

1.43 

1.36 

1.00 

1-72 

1.04 

1.26 

1.00 

1.67 

1.09 

1.28 

75.+ . Never smokers 6214 1.00 

Current c i g a r e t t e  
smokers 

8471 1.36- 

Current p i p e  and/or 5782 
cigars only 

Ex- smok ers 7013 

0.93 

1.13 



TABLE 5 

Relat ive t o t a l  death r a t e s  of current  c i g a r e t t e  smokers t o  
never smokers by age under Assumption B (see text) 

Age 
proup Smoking group 

35-44 Never smokers 

Current c i g a r e t t e  smokers 

45-54 Never smokers 

Current c i g a r e t t e  smokers 

55-64 Never smokers 

Current c i g a r e t t e  smokers 

65-74 Never smokers . 
Current c i g ar e t t e smokers 

75 + Never smokers 

Current c i g a r e t t e  smokers 

Relat ive r a t e s  
t o  never smokers 

1.00 

1.50 

1.00 

2.06 

1.00 

1.43 

1.00 

1.40 

1.00 

1.22 

- Note: Rela t ive  total .  death rates of current  pipe aad/or c iga r s  

only smokers and ex-smokers assumed the  same as i n  Table 4. 



TABLE 6 

Estimated dis tr ibut ion of England and Wales male population 
by smoking habit group and age 

Age 
group 

35-59 

60-64 

65-69 

70-74 

75-79 

80- 84 

85-89 

90-94 

Never 
smokers 

15.5% 

10.5% 

10.5% 

10.5% 

10.5% 

10.5% 

10.5% 

10.5% 

Current 
c igare t te  
smokers 

55.5% 

53.5% 

52.5% 

44.5% 

36.5% 

30.0% 

25.0% 

21.0% 

Current pipe  
and/or cigar 
only smokers 

9.5% 

12.5% 

12.5% 

12.5% 

12.5% 

12.5% 

12.5% 

12.546 

Ex-smokers 

19.5% 

23.55 

24.5% 

32.5% 

40.5% 

47 .O% 

52.0% 

56 .O% 

Tot a1 

100.0% 

100.0% 

100.0% 

1QO. 0% 

100 : 0% 

100.0% 

100.0% 

100.0% 
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TABI;E 10 

Population l i fe - table  based on 1971-75 mortality experience of 
men in England and Wales 

Age 
Number a l ive  
a t  beginning (Ai) 

0 

1-4 

5-9 

10-14 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55259 

60-64 

65-69 

70-74 

' 75-79 

80- 84 

85-89 

90+ 

1, 000 , coo 
981 , 2 80 
978 , 364 
976 , 478 
974 , 796 
970 587 

965 , 868 
961 , 644 
956 , 537 
949,021 

935 , 610 
911,092 

870 , 383 
805 , 751 
709 230 

573 , 252 
406 , 048 
237 , 488 
105 , 564 
30 , 706 

Total deaths 
in period (Di) 

18,720. 

2,916 

1,886 

1 , 682 
4,209 

4,719 

4 , 224 
5,107. 

7 , 516 
13 , 411 
24 , 518 
40 , 709 
64,629 

96 , 524 
135 , 978 
167 , 204 

Lung cancer deaths 
in period ( L . )  

1 

0 

3 

0 

0 

3 

16 

45 

111 

275 

82 3 

2,309 

4 , 762 
8,730 

13 , 564 
16,945 

17,235 

168 , 560 12 , 262 
131 , 924 . 5,418 

74 , 2358 1,648 

30,706 29 7 

' .Total 1,000 , 000 84 , 446 



TABLE 11 

Effec t  of lung cancer on l i f e  expectation i n  men 
i n  England and Wales, 1971-75 

Li fe  expectatioa of men as  a t  present  69.06 years  

L i f e  expectation of men i f  lung cancer d i d  not 
exist , assuming independence (see sec t ion  2.10) 70.05 years  
Loss of l i f e  expectat ion due t o  lung cancer : 

per  head of population 

pe r  person dying of lung cancer 

L i f e  expectat ion of men i f  lung cancer d i d  not  
e x i s t ,  not assuming independence (see t ex t )  

0.99 years  

11.73 years  

Ratio of death r a t e s  of suscept ib les  t o  normals (F) 
Proportion 
suscept ib le  (P) 2 5 10 50 

0.05 

0.10 

0.25 

0.50 

0.75 

0.90 

0.95 

70.04 70.02 70.00 70.01 

70.03 69.98 69.95 69.93 

69.90 69.82 69.72 70.01 

70.00 69.84 69.74 69.61 

70.01 69.89 69.81 69.71 

69.93 69.88 70.03 69.97 

69.98 69.96 70.04 70.00 



TABLE 12 

Population l i f e - tab le  based on 1971-75 mortality experience of  men 
i n  England and Wales : further data 

0 

1-4 

5-9 

10-14 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

70-74 

75-79 

80-84 

85- 89 

90+ 

I s chaemi c H e  art Disease A l l  neoplasms deaths 
deaths i n  period i n  period 

3 

1. 

1 

2 

7 

29 

12 7 
518 

1 , 628 
4 , 466 
9,561 

16 , 251 
23 , 927 
33 , 962 
45 , 499 
51 , 372 
47,512 

33 , 659 
17 , 481 
6 , 472 

79 
341 

379 

320 

39 3 

548 

72 1 

9 70 

1,542 

2,988 

6 , 124 
11 , 063 
19 , 173 
28,682 

37 , 601 
40 , 602 
33,994 

20 , 332 
8,541 

2,123 

29 2 , 478 216 , 516 
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TABLE 14 

Age - 
0 

1 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

* xi 

Remaining l i f e  expectancy by age based on 1971-75 morta l i ty  experience 
of men i n  England and Wales 

* 
Expected age of 
death of survivors 
t o  t h i s  age (X.) 

Expected years 
remaining of 
survivors  t o  t h i s  age 

69.06 

70.36 

70.56 

70.69 

70.79 

71.02 

71.26 

71 ., 45 
71.66 

71.93 

72.35 

73.02 

73.98 

75.30 

77.04 

79.30 

82.10 

85.37 

88.95 

92.50 

calculated from formula 

69.06 

69.36 

65.56 

60.69 

55.79 

51.02 

46.26 

41.45 

36.66 

31.93 

27.35 

23.02 

18.98 

15.30 

12.04 

9.30 

7.10 

5.37 

3.95 * 

2.50 

20 

j=i 
X = ( 1 D . Y . ) / A .  where 
i 1 1  1 

Tab le  10 and Y .  is midpoint of age i n t e r v a l  
1 

Expected years + 
remaining of decedents 
i n  t h i s  age group 

69.21 

67.46 

63.13 

58.24 

53.41 

48.64 

43.86 

39.06 

34.30 

29.64 

25.19 

21.00 

17.14 

13.67 

10.67 

8.20 

6.24 

4.66 

3.23 

1.25 . 

D.  and A .  a r e  given in 
1 1 

+ By in te rpola t ion  from second column 



TABLE 15 

Estimation of death rates by smoking hab i t  group 
f o r  age group 60-64 under Assumption A 

From Table 2 : 

Population 1,324,300 Tota l  deaths per year 33,368 

Death r a t e  per  100,000 per  year  = 2,519.67 

Current pipe 
Current c i g a r e t t e  and/or c iga r s  

Never smokers smokers only smokers Ex-smokers 

Population d i s t r i b u t i o n  
(from Table  6) 

.'.Numbers in groups 

Death rates 
(from Table  4) 

Number of deaths 

.'.Total number of deaths :. x 

.'-Death r a t e s  per  
100,000 per  year 

10.5% 53.5% 12.5% 23.5% 

139 051.5 708,500.5 165,537.5 311,210 5 

1.26X 1. oox 1.72X 1.04x 

where X has t o  be estimated 

139,051.5X 1,218,620.9X 172,159.0X 392,125.2X 

= 1,921,956.6X = 33,368 

= 1,736.15 per  100,000 per  year 

1 736.15 2,986.17 1,805.59 2,187.55 
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TABLE 18 

Survivorship of a mil l ion men in England and Wales based on 
the ir  1971-75 mortality experience compared with that of  a 

mil l ion never smokers under two assumptions 

Number a l i v e  a t  beginning 

Total population Assumption A Assumption B 
Age Never smokers Never smokers 

0 

1-4 

5-9 

10-14 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

46-49 

50-54 

55-59 

60-64 

65-69 

70-74 

75-79 

80-84 

85- 89 

90+ 

1 , 000 , 000 
981,280 

978,364 

976 , 478 
974 , 796 
970 , 587 
965 , 868 
961 , 644 
956,537 

949 , 021. 
935,610 

911,092 

870 , 383 
805 , 754 
709 , 230 
573,252 

406 , 048 
237 , 488 
105,564 

30 , 706 

1 , 000 , 000 1 , 000 , 000 

. .  . -.- 
Same as i n  t o t a l  
population as ...... smoking assumed ...... 
t o  have no e f f e c t  
before age 35 

956 , 537 
951 , 562 
942 , 653 
930 , 756 
9 10 , 648 
863,698 

791 , 281 
682,514 

534,925 

340 , 194 
170,528 

59,253 

956 , 537 
950 , 878 

940 , 733 

926,183 

901,634 

849,500 

770 , 078 
653,449 

500 , 176 
311,304 

151 , 754 
50 , 835 
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TABLE 20 

Survivorship of a mil l ion men in each of three dif ferent  
smoking groups based on 1971-75 England and Wales 

mortality - Assumption A - .  

Number a l i v e  at beginning 

Age Never Current cigarette  Current pipe and/or 
group . smokers smokers cigar only smokers 

0 1,000,000 1,000,000 1,000,000 

1-35 ......... Numbers as i n  t o t a l  population 

35-39 

40-44 

45-49 

50-54 

55- 59 

60-64 

65-69 

70-74 

75-79 

80-84 

85- 89 

90+ 

956,537 

951,562 

942,653 

930,756 

910 648 

863,698 

791,281 

682 614 

534 925 

340,194 

170,528 

59,282 

l i fe - table:  see Table 10 

956,537 

947,448 

931,265 

899,114 

846,318 

772,399 

663,758 

517,350 

341,947 

132,824 

69,681 

15,561 

.......... 
956,537 

949,478 

936,875 

920,003 

891,687 

. 843,916 

770,430 

-655,706 

502 389 

330,239 

174,299 

65 751 



TABLE 21 

Survivorship of a mil l ion men i n  each of  three d i f ferent  
smoking groups based on 1971-75 England and Wales 

mortality - Assumption B 

Age 
RrouP 

0 

1-35 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

70-74 

75-79 

80- 84 

85-89 

90+ 

Number a l i v e  a t  beginning 

Never Current c igaret te  Current p ipe  and/or 
smokers ' smokers cigar only smokers 

1,000,000 1 1 000,000 1,000,000 

......... Numbers-as i n  t o t a l  population ......... 
l i f e - tab le :  see Table 10 

956 537 956,537 956,537 

950,878 948,059 948,509 

940,753 933,949 933,194 

926,183 903,379 913,559 

901,634 854 637 879,111 

849,500 784,688 826,296 

770 078 681,519 746,079 

653,449 540,700 623,629 

500 176 370,370 465,670 

311,304 206,370 300,061 

151 754 84,624 154,358 

50 835 21,500 56,286 

4 
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TABU 23 

Annual consumption of manufactured c igaret tes  per male smoker by age 
(based on 1971-75 data of Lee (1976)) 

Age group Annual -consumption 

16-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

6,640 

7,900 

8,000 

8,250 

8 I 770 

8,320 

8,460 

8,410 

7,870 

60-64 7,560 

65-69 6 I 270 

70-74 

75-79 

80-84 

85-89 

90+ 

5,460 

4,930 

4,340 
* 
* 

3,840 * 
3,400 

* Estimated assuming L e e  (1976)'s 80+ figure applies 
to 80-84 year olds and extrapolating t o  older age 
groups using average proportionate reduction per 
5 year group observed from age group 65-69 onwards. 
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TABLE A1 

Y e a r  

Estimated future deaths i n  England and Wales males under 
three assumptions 

Deaths occurring (thousands) i f  death rates  

1976 
1977 

1979 
1980 

19 76- 19 80 

1981 
19 82 
19 83 

. 1984 
1985. 

1981- 1985 

i978 

19 86 
19 87 
1988 
1989 
1990 

19 86-1990 

199 1 
1992 
1993 
199 4 
1995 

1991-1995 

1996 
199 7 

.' 1998 
1999 
2000 

1996-2000 

1976-2000 

Drop t o  never 
Stay as smokers ' rates  

i n  1971-75 under assumption 

29 5 
301 
30 5 
307 
307 

1515 

306 
3 12 
315 
317 
3 17 

1567 

317 
32 1 
323 
324 
32 5 

4 

16 10 

32 4 
326 
327 
32 8 
327 

1632 

327 
32 8 
328 
32 8 
327 

163 8 

7962 

A 

223 
232 
238 
243 
246 

1182 

249 
257 
264 
269 
272 

1311 

27 5 
282 
287 
291 
294 

1429 

296 
300 
304 
306 
307 

1513 

308 
311 
313 
314 
315 

1561 

6996 

B 

240 
249 
255 
259 
262 

1265 

264 
272 - 
277 
281 
284 

1378 

286 
293 
2 97 
300 
302 

1478 

304 
3 08 
310 
312 
313 

1547 

314 
316 
317 
318 
319 

1584 

7252 

"Deaths associated" 
under assumption 

A 

72 
69 
67 
64 
61 

333 

57 
55 
51 
48 
45 

256 

42 
39 
36 
33 
31 

181 

28 
26 
23 
22 
20 

119 

19 
17 
15 
14 
12 

77 

966 

B 

55 
52 
50 
48 
45 

250 

42 
40 
38 
36 
33 

189 

31 
28 
26 
24 
23 

132 

20 
18 
17 
16 
14 

85 

13 
12 
11. 
10 
8 

54 

710 






