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Cohort analysis of cigarette smoking and of mortality from four
associated diseases

1. Introduction

1.1 "Cohort analysis" means an analysis in which the basic material is
classified by the year of birth of the subjects rather than by the
year in which the event of interest (such as death) happened to them.

' This paper presents analyses in cohort form both of death rates from
the four main ca;diovascular and resbiratory diseases, namely, heart
disease, stroke, lung cancer and bronchitis, and of cumulative
cigarette consumption. It also gives observations on the extent to
which the pattern of cumulative cigarette consumption by successive
cohorts of men and women is consistent with the pattern of death
rates. The advantage of using cohort data, where the available
statistics enable this to be done, is that causes and effects are
analysed in the same group of people. By pontrast, if people dying
at, say, ages 60-64 and 65-69 in a particular period are compared
one is comparing different cohorts which may have had differing
exposure to factors influencing mortality. An outstanding example
of erroneous deduction from comparison of contemporary death rates
of different cohorts was the deduction that male lung cancer death
rates declined after the age of 65-69. This conclusion was drawn
by comparing the'lung cancer death rates of one cohort of men at
age 65-69 with the rates for the same period of the previous cohort
at age 70-74. When the same male cohort in England and Wales is
followed throughout its lifetime, it can be seen that the lung cancer
death rate at age 70-74 was always higher than the rate at 65-69.

In so far as there was a reduction in male lung cancer rates with
increasing age, it occurred, if at all, omly at age 80-84 or 85+

(as can be seen in table 1.M of this paper).

1.2 The main tables in this paper have been arranged so that mortality

rates, or cigarette consumption lievels, of a given cohort for each

age are represented by a row of figures opposite the central year
of birth of the cohort. On this basis, contemporary death rates
(i.e. those for the same calendar year) for different ages at death
can be found from the figures in ascending diagonals. The death

rates of different cohorts can, of course, be obtained from the

| usual tables of death rates by age groups for successive 5-year T'U




1.3

periods by reading the figures of ascending or descending
diagonals, but the form of presentation adopted here is clearer

when the analysis is primarily concerned with cohorts.

"Some information on cigarette consumption by four cohorts of men

and women has already been given in Changes in Smoking Patterns in

the UTK‘ (Todd, 1975; referred to hereafter as Smoking Patterns).

Smoking Patterns also introduced the concept of "constant tar

cigarettes" which takes account of the reductions that have occurred
in the tar yields of British cigarettes since 1965. The present
paper extends the cohort figures so as to allow as complete a

comparison as possible with mortality information.

Section 2 of this paper presents the mortality rates from the four
main smoking associated diseases. Appendix A gives the precise

definitions of these diseases and contains comments on the

- comparability of the mortality ratés for different periods.

Section 3 presents estimates, on certain assumptions, of the average
cumulative cigarette consumption on a constant tar basis by men and
women in successive cohorts:’ Details of the procedure by which the
cigarette consumption figures were calculated are given in

Appendix B. While the mortality figures in this paper relate to

"England and Wales, the cigérette consumption figures are those of

the U.K. as a whole. Cigarette counsumption details are not available
for England and Wales separately but are-likely to have been similar
to-those of the U.K. Section 3 also contains comments on certain
features of the mortality and cigarette consumption figures, but as
the purpose of this paper is primarily to present basic data, no

attempt has been made to interpret the findings.



Mortality from four smoking-associated diseases

This section of the paper presents the death rates in England and
Wales from the four main cardiovascular and respiratory diseases,
namely, coronary heart disease, stroke, lung cancer and bronchitis.
Nearly 300,000 men and 300,000 women died in England and Wales
from all causes in 1973. The percentages of these totals
represented by deafhs from coronary heart disease, stroke, lung
cancer and bronchitis were 29%, 10%, 9% and 7% respectively for

~ men and 22%, 17%, 2% and 2% respectively for women. In total,
therefore, these four diseases accounted for over 55% of all male

deaths and nearly 44% of all female deaths in 1973.

The lung cancer death rates of men and women for all the five year

periods from 1811-15 to 1966~70 are given in tables 1.M and 1.W.

These figures have been published previously but the mean death rates
for 1971-73 have been added at the foot of each column in order to show

the latest trends. The death rates from heart disease (tables 2.M and

2.W), stroke (tables 3.M and 3.W) and bronchitis (tables 4.M and 4.W)
have been compiled from figures published in the Registrar General's

Annual Statistical Review of England and Wales. Owing to major

interruptions in earlier years in the comparability of the death
rates, those for heart disease are given only for the five year
periods 1951-55 to 1966-70 and those for stroke and bronchitis for
1946-50 to 1966-70. As with lung cancer, the mean death rates for
1971~-73 have been included. The average number of deaths per annum
from heart disease, stroke and bronchitis for the periods concerned
are given in tables A.l1 to A.3 as an indicator of the inherent
variability of the death rates. The numbers of deaths from lung
cancer have been published in the 0.P.C.8. Study No. 29, Cancer
Mortality, England and Wales, 1911-70.° The death rates have been

calculated by taking the recorded deaths as a proportion of the total

population at the middle of each period covered, on the basis of
the contemporary population estimates contained in the Registrar

General's Statistical Reviews.

The comparability of the death rates for different years of the
four diseases included in this paper was affected to a varying

extent by the changeé in definitions of the diseases caused by




the revisions of the International Statistical Classification of
Diseases introduced in 1950, 1958 and 1968. The changes in the
definition of lung cancer had little effect on the comparability of
the death rates. The changes in the definition of heart disease

in 1950 and 1968 were of major importance, but it proved possible to
put the death rates for 1951-67 and 1968-73 on a reasonably
comparable basis. Minor breaks at 1950 and 1968 in the continuity
of the definitions of stroke and bronchitis could not be overcome,
so the breaks were accepted and met by giving death rates in

tables 3.M and 3.W and 4.M and 4.W on both a temporal basis and

a cohort basis. In compiling the figures on a temporal basis, the
period 1966~70 was split into the two periods 1966~67 and 1968-70
representing the years before and after tpe 1968 changes in the
definition of the diseases so that the death rates for these two
periods could be compared with the death rates of earlier and later
periods réspectively. On the other hand, the death rates of each
cohort during the period 1966-70 had to be based on the definitions
used in practice although changes had 6ccurred in them. The
problems of comparability of the death rates of different periods

are discussed in some detail in Appendix A.

In conéidering_the mortality rates given in tables 1 to 4, it has to
be borne in mind that the death rates of successive cohorts have in
some cases been markedly affected by changes in the standards of
diagnosis, in particular with lung cancer where a number of
significant advances in diagnostic aids have been made in this
century, with the successive advent of X-rays, bronchoscopy and
Qpenﬂchest operations. Little firm evidence is available to indicate
the actual effects dn the death rates of these advances, but it is
believed to have been considerable. One study which demonstrates
that diagnosis was by no means perfect in the 1950's was that by
Heasman and Lipworth (1966). They found, in a large study of deaths
in 1959, that in addition to 253 cases clinically diagnosed as lung
cancer and confirmed at autopsy, there were also 197 cases clinically
diagnosed but not confirmed at autopsy (false-positives), and in a
further 281 cases, lung cancer was found to have been the primary
cause of death at autopsy. but the cases were diagnosed clinically as

dying of other diseases (false-negatives).



2.5 The patterns of the death rates of successive cohorts of men from
the four diseases given in tables 1.M - 4.M may be summarised as

follows:-

2.5.1 The male lung cancer death rates at ages 50+ increased
with each successive cohort up to the cohorts born
around 1901-06, and those at ages 30-49 increased with
each successive cohort up to the cohorts born around
1911-16. Thereafter, the male lung cancer death rates

decreased at all ages with each successive cohort.

2.5.2 The male death rates from heart disease increased

almost continuously at all ages with each successive
cohort from the cohort born around 1871 up to the

latest cohort.

2.5.3 The change in the definition of stroke in 1950 caused
the male death rates from stroke of most age groups

to reach a peak in 1951-55. Since then, the male

death rates from stroke at ages 50-84 have decreased
continuously in cohorts born up to 1921. At younger
ages, the death rates wére approximately level in

successive cohofts born around 1921 and later.

2.5.4 Excluding the age groups aged 80+ where the death
rates were irregular, the male death rates from

bronchitis increased almost continuously in each

cohort up to the cohorts born around 1896-1901.

Thereafter, the death rates decreased with each

successive cohort until 1968 when the rates increased
in 1968~70 as a result of the change in the
definition of the disease in 1968. The death rates

resumed their decline in 1971-73.

2.6 These conclusions are based on death rates. Using data supplied by
the South Thames Cancer Registry, Todd and Skeet (private’
communication) analysed the lung cancer new case rates of men in the
South West Thames Region. They concluded that cohorts born prior to
1904-12 had increasing new case rates with each successive cohort,

but that after the 1904-12 cohorts, each successive cohort had lower




new case rates than its predecessor. The conclusions derived from
new case rates were therefore similar to those drawn from death

rates.

2.7 The patterns of the death rates of successive cohorts of women from
the four diseases given in tables 1.W - 4.W may be summarised as

follows: -~

2.7.1 The lung cancer death rates of successive cohorts
qf women have increased continuously up to the cohort

born around 1926 and decreased in later cohorts.

2.7.2 Apart from a few irregularities in the 70+ age groups,

the death rates of women from heart disease have

increased at all ages with each successive cohort

since the 1871 cohort. .

2.7.3 The change in the definition of stroke in 1950 caused
the female death rates from stroke of almost all age

groups to reach a peak in 1951-55. Since then, the

3 female death rates from stroke at ages 45-84 have
: decreased continuously in almost all cohorts born up

; to 1926. At younger ages, the death rates were

approximately level in successive cohorts born around

1921 and later.

2.7.4 The female death rates from bronchitis decreased with

each successive cohort from the cohort borm around
1866 to the 1906-11 cohorts. The bronchitis death
rates increased in later cohorts, part of the increase
being due to the change in the definition of the
disease in 1968. However, the death rates for 1971-73

were lower than those for 1968-~70 in all age grbups.

2.8 The male and female patterns were thus differemt for lung cancer and

bronchitis but broadly similar for heart disease and stroke.




v
9 10L
v Ive £°2e9
9'ELS 1°¢6S ¥ 66¥
87 LSY 0" ESH 0°68¢
€°2ve S'veg 1°692
1°Lee L 802 Z°rr1
| 2441 o°etr 6.6L
1°6L $°'80 E'ES
9°8¢ v or 6°¥vE
| 4 9°LE 8761
[s3:] ¢ €°ex L8
v'e I L
0°¢ (AR 6°9
'y c’S
'z
v8-08

6L-GL vL-0L

981
z'zs 81z
8' Lot z°cs 82z
1°012 S 01T 9°9¢ £ sz
9°€9€ 8- 03¢ 9°z31 v 69 0°cz
v oE9 € oLe 0° 627 vezr | bies) z've
1'828 £ L9¢ 9 2CT eeer " ggs £'07
1°98¥ 0°'cee 8° 107 z°Le vov (3021
1°$6€ . 8TLee S LET 9°29 v LT L'
S V6T 6 pLT V26 Ter 9°81 2’9
9°6LT £° 20T 9°8% 9°4Z 9L L'z
1° €01 9°v9 8've z 1t vy ST
9° €0 v oe 81 99 g’z LT
b SE 1°8T1 L8 o'y o'g
6" 91 101 s'¢ o'r
£ I 9°L z'9
n8 o't
9L
69-59 ¥9-09 65-5g 7$-08 6v-o¥ Vv 0%

19
9°L
1’6
| AN

001
L6

L8
8'9
V'S
2z
81
L
1

BE-SE

Wivop 18 ody

gz 0161 T “uup
5T 9E6T T "uup
£c €61 1 “uer
9°¢ 9261 T “uup
Le 1261 T ‘uep
137 9161 T ‘uwp
8¢ IT61 T ‘ver
o'e 906T T “uwup
0'e 1061 1 ~wsp
1A § p681 T "uvp
B0 1681 1 “uer
20 9981 1 ‘uwp
Lo 1881 [ ‘uep
9L8T 1 ‘uep
TL8T 1 ‘usp
9081 T ‘uwp
1981 1 ‘uer
98T T "uer
IS8T 1 “uup
9vBT 1 ‘wup
PR T Cuep
9g8T 1 “wer
T€8T T “uup

d071I00 J0
9z8T 1 ‘uwup

1€-0¢ nMITq jo

e3up [vIIUI)

§16Uq 330402 ©

uo FATWM pus puwidug UT (L98T ©1 096G WOIf YOI “A°0'T Ul¥A (OG61 WOaF g9T puw Zo{
pue 3ung ‘snyduorq ‘woyowryl oyl jo suseidoau Juoudyyum woxy wnirue sod 000°'00T Xod sojux yjuvap apwy

Wi

adve

*0°2°1) guviro Krojvxydsal Joio

o
i



6°0 oret T “uwp

L% 11 anGL T “uwp
m..@ ) > T TE6T 1 ‘uwep
B8 2 n A St 9761 1 "uur
918 L8t 8'9 t A e 1 1361 1 "uwer
S LY 9°RT L't 19 G'z S 1 9161 T ‘uup
A2 z o 812 9°01 T'6 L2 v TI6T 1 “wurp,
£ L 6 1% 018 0Lt 6'® ¢ 7 g0 906t T "wuwp
S 98 2799 12447 t've 61 LL 6°E AR Lo 1061 1 Cwer
9°L8 g€ 6L 6'18 £ €8 9°02 £t Ty '€ 1 £°0 9GET T ‘uugp
% 98 1ol 2 L'vS 1 28: 1~ g8z 9° LT A 6°V $'2 6°0 €0 68T T "wup
0°sL 1°99 z' 99 7' gp A1 g €% St 8L v 9° 1 ¥ o £0 pgRt T Twep
6729 ¢° 98 ¥ 6% T e6E $°1¢ 981 L'0T - €T 1 g9°0 €0 T T Cwnr
0" 8¥ T R ey L EE 4k £ €' st a'L '€ 1% 01 #o - oLRT T "uwp
G GE zZ 0¥ neE 1°52 6L g1t ] 92 1201 1 TL8T T "uep
AR D L° 63 RRz 2 61 Z el e . ®E k4 0z 9981 T “uup -
102 ZLr 128 11 LIt G'9 0°'S vE. L'z T08T T ‘uwp .
£TRT z o1 . 18k 4 VL oS 2'E 1€ 9SBr T -uep
0°6 $°6 €L 0°g v'e [ TSRT T “nmp
9'9 6% 6'E 8'¢ 9% : 9VRT T "vup
o'V 8% 6'2 vy ‘ , 1v81 T ‘ung
£y 1t o'r . 9RBL T ‘uup
80 Lt . , ICRT T ‘uup
. v Ietrane xo
€7 X ) 9TRT T ‘uep
o8 rR-08 6L-SL VL-0L GH-S9 ¥9-09 6G-€G "¥S-0% 6v-SF -0 GE-S¢ YE-OE Iiq jo.

ajup rexiua)

yivap au ofy

SIFUQ JI0M0D U Uo EA(NMM puv punidug ut (L1967 ©1 0CGL WOIF FOT 4 O 1 :u<; 0SGY WOXF £O[ PUY 29T " 'O 1) swwdao Axorvardsas I1oqjo '
pun Funy ‘smovoxq 'veysnxl oyz jo suserdosu juvufpyvw woxy wouuy Jod 000001 Jod Fejux yiwop orwwojf

ROT gV,




0°LE9S
L°88%¢
:a4:14
S oIgY
V" 99¢S

60T
L'cg 1°01
156 6°3¢C $°6
£ 0tz W6 s L'g
S°BSE 9°8LT LA T2 C9sz "9
9°Cog 6 vee 9 091 2709 z°81
) S " GuA 0°7rg 9 EGT 17921 t AR 4 .
_ ZETPI Leng 9°01¢ 17192 1°50t
, 684907 z 0881 £ LER L GUb £ L12
8°EN6T £ V961 9° 1831 £ 122 £ 2LE
6 6oqg b G0LZ 9°0871 0° 27T Al 241
L FOLE 271602 VBRILT 9° 6101
L oLLe 1°LOVe 6 ELST
L-9Leg 0 8LET
L EBER
.
vR-08 6L-SL VI-0L 69-99 ¥D-09 65-59 T¢-0% G¥-ot TY-0F 60-S¢ VE-OF

yinep 1w ﬂa<.

FISUA 310Y0> ¥ WO FAIUM pun puuidug ay ("A0k YIg 'HLp-OTF (OI) 8NGT MOXF AEMARYP 1INOY DTWOUYDET WOIL
‘(snox 1L ¥ WIg ‘T 2ap 7 0%V GJI) L961 O3 1SGT SIEnan[OFOTAN awm M1TM vorreaedalap (uppanoodm geyio puw
9s0os P Alouosod JUTpnIsuT eRweRip javey PT10aa 080t RE mary wnuuwy 1ad 0OO°pot 20d maina yivep aywW

WE v,

OLGT T “unp
9EGT T uup
66T 1 “unp
9261 T "unp
1261 T ‘unp
9161 T “unp
1161 T “unp
9061 T ‘wup
060 1 “unp
968T T "uur
I6AT 1 "wop
oRRT T “unp
1881 1 ‘wog
9191 T “uwp
TLRT T "usp
9981 T “unp
WATG Fo

oinp (uIjua)

N
i




1°T OPGY 1 Cunp
6'v 61 9EGE T Cuur
6 VT Vg 91 1667 T “uvp
€5 1 BT vy v 9761 T ‘unf
v'co S 97 Tt 82 . 6°0 1260 T “uep
80621 S°LS 0¥z £ 9°2 9TR1 T ‘uup
0° 807 (811 Z2°6v 1°61 99 IT6f 1 “urp
¢ ote £°'66¢ T°SIt ¥'Ey 0Lt 06T .:.::a
S 0L £ 019 £ gcn B 10T L ov : 1067 T Cuwp
¥ 8191 ¢ I8 1°v0g L'67T L' V6 OGR1T T ‘unp -
96292 £’ 0091 0’ 9Eo0 2 LoV 4K 43 168T T ‘uwr —
g LIy £ 18637 L ongt 0918 8 LbE : 0881 T “unp
b 16TH 19692 IAR TH 9°238 : WYL T ‘uep
zroLay z v6es 6 ZEVT 2 0L8T T “ump
g 1% 14 278153 ’ 1L87 T uup
¢ ovED . pogy 1 “ung
Twad o
el p (rauay
) 8-09 GL-SL VL-0L 89-c9 v9-08 fic-c¢ F5-0% ov-¢r -0V Gt~se TE-0E

nvop 1w edv

SYSUG 100400 B (o safwy pun puwiiug vl (Aot ulg ‘PIE-0IF GOI) ROGT moxg ASNARID 14091 DTUAWHIET WOaj
‘("FAox Y1z ® W9 '1°ZZY ¥ 0TF aOI) L96T ©1 TGGT FIFOIA[IFOTINIIN YITAa UorInmrouedap Twypansolm Joyjo puw
ORUPBTP AIUU0I09 AUTPNIOUL OSUAELP 1IN D[I0XI{IROTAD)IN woay wnuuwy xod oO‘Qot tod seana yauwep eyumay

R wrave




LLARU 284
9'gLeY
g INTY
Z Gvor
v hour

[°Lo6e

aarTy
0" LEZY

a°LSET

0"y
SIctY
zZ°Syor

b DONE

9 GRECZ
g oveEz
2°0002
0 LA
(1311 2:+F4

f°ouce
0 02ve

0°009¢
0'cLoC

¢ ovyz

v ocey
0" Zort
LTILST
0°8291
0180t
U 0ort

v 002z

PIGEVI
Dervy

6°0LKT
LTILS)
nrgzoL

9 TuYd

1°L06%

198

Franoe

¥u-08

GL-GL

Mivop 1w oly

Tovey

96T | “wwp

vl 1C60 ¢ “uup
" LIS FAE ¢ 0761 1 “wup
. [ 2+ L7 8z [( R} (261 1 “wup
1101 g LY 008 n°Gr 9161 1 ‘wep
y°zoe g 11t L™ RS 1°1¢ ey 16T 1 "wup
Cucﬂv | 444 0°2%ax v o 9°aC ¢er PDOGL 1T “uep
1°100 L vy v Sre (A AN 0°TL 0° 6z 1061 1 “vup
6°0vg [1 11134 | 131k CTLE 9°s9 a081 1 "wup
¢ 6RE % 908 8 zez 1°001 1601 1 orp
L7626 1°0Ccs 9°802 - oger 1 Cwep
6°'vo0 g onv ey 1 “wep
g oLY 0Lt 1 Cuwp
- TLOY T “wup
. 2981 1T Cuwwgp
1001  “uurp
Tndarq ga
ojup (MIYUo)
#Y6Uq 110107
TOHNOHTP JO wuoTIyuIjop [VI21)Ie up solvond o) enp LHTETAUMdNOd WY HRVOLG 0IOUIP BOUf[ NeNOL 01Oy
17100 o"ay [Mad 11 T 107 [ MR 3] ¥ or [ 2} ’ o'n Lv CL-TLGL
A 24] Z°68Y L'gre [i I 3+ 0° 6% 6 VI 18 Ve oL-hosy
TeTeve TzRoovT T TTrzz Tl T T i T iz T AT S A I T L-00G1
9608 0" 98y | 2+ &4 o zer L' gy 0" on v G'L L'v CO-1961
L G676 ¢ 909 [ 31} 6 rCT Vo 17ie [ 18 [ 2 09-0661
6 vNo 8 0fS N°ZRe [ANAM] 0°TL 9°2C G'vi 0o'g L'v G9-1661
TTTeterln  wremr “TeteozTTect gtee T o6z Tzt e T T T 08-9101
POIOAGD OfAT,]
dycuq yoaoduoy
vi-0L 69-G9 +9-09 (I3 g H vG-0¢ av-sp |25 th 4 6C-S¢ ve-0¢

WERNY 110102 ¥ pun Winvq (viodwdl i w0 RO (VR puw puugmiy 61 (CAed W0 T ORL-0CD

'(TPADA AL B NP CPCL-ORE AD1) LDGT 01 QGGE WPI1UAd GNOAIOUW [RIjUOD
‘{*A00 NIg ‘gl ADI) GEGL ©) QPG WIHd[a0 Juv{udsuA Jo GUOTSRY TOTUUADINIJUS wOTY

W C wmva,

GD1) LDGI WoXF ORNOETP XU[NIGVAOIANIOD WO.AJ
JUTIDOI IV HUOBO ] IVNOAVA WOL]
untun aod Q0L and wolnx yyvop ojuy

14



L 4 0OrGgr 1 Cunp
v

gL |4 9EGT T Cuwp

. 9°51 s 8 Sy TERT T Cwug

v i VoL FUST LL S 9261 T “wue

6" 9% 2°6% 0°st 9°8 9V 1261 1 “unp

9 8L z'es 0°1g Lot z'8 A 9161 1T “uwr

- 2 ErT % 8 L gg 1°gs B 91 L TIGT T “uep

Vo e6e 0" vor L'96 6°c9 T z vl 90GT T "wwr

2 119 reeE ¢ 881 g ort 17 €98 1061 T Cunr

L 8vel ¥ 589 L ¥9E ¢ 917 1°9ET LLL . 9GRT T “uwr

1°6923 8 c8et 9 6EL 0°3TH 6 112 T'EET 1681 T “wwp

£ 66TV T PETR L 99ET € o8 L 68y 6°LvT : ‘ ; oRgt 1 ‘uer

£ LATh S 60V 9°99%1 0°058 - BT . IRRT T “wur

£ seov AR 4124 6°SBvT B°€38 _ 9L8T 1 uwe

¥ 10LE 9°60V2 9 rict . TLRL T “uop
€' L8LE 85661 . 9981 T ‘wvr

6° 6892 | 1991 1 “nvp

naiq 70

aiup [najuel

RLo0 J.t0407

‘OSUSSEP JO BUCTITUEION TUE2TFI0 Ul rofluvyd 03 onp A)pyTqurandwod uf SRWAIG 0IOUAD EOULT UNNOAR DITON “m
£ G611V 1°0972 L' BT ¢ 119 ¥ %62 AR A A S 8L ’ G op VLT 9'C1 8L Sy EL-TLGT
C ' OreH 6°E%TT (i 2R:1 %44 S LVO a9 91E ¥ O91 £°2y 9°1% 1°08 G6°C1 c'8 v 0L-896GT
L eeor B okzz g gezi % G99 U weR  t-eLt  gem  Titze T £'8z vi T TTete T LY L9-9961
[ 1) 2 ¢ 6Ove L°S9ET D °GEL L vor G RAt h.aa. L°s% 0°1g 'St L'L S v SO-1961
9 19Le E'VIvFE 2°99pP1 £°208 [ A 434 L as i ¢4 8611 6 g9 u.ﬂn L9t g°n 4 09-9G66T
CL8LE 9°60ve 6°SHbT oecna L GSYh 6 1re 1°¢6t1 S 6L |71 891 '8 9°v SS-1S6T
6 680Z  8'6661 9 iLet  @-ctas ¢ iev 6 -Lbe T el LLL TTwTee T r Ak L S S R 05-9161

poIOAnD pOfi9g

. , wBianq yv.iodua],
+SH ¥8-08 6L-9L #L-0L ) G9-59 v9-09 66~%9 . 1S-09 G¥-Gb vr-0Ot GE-S¢ ve-0t

qivep v edy

BEEUQ X000 ¥ puw S{ENG [(Vroduel w wo woywn puw pun gJuy Ut (FAPL UIR AEV-UEL QJI) B9GT MOIJ OFNAR[P INTNOFRAOINDIDD WOX]
‘('sa9x YL B I "PEC-0CE GO1) .LY6GT 01 QSGI WAIsAE SNOAINU {VI1U0D FUTIOANJIV RUOTEA] IVINOFRA WO.XY
‘(-Aox Y1g ‘EY WDI) BF¥6T O3 V6T UTTII0 AVINOFVA JO SUCTEOT] [VIUNIONIIUT WOLX mnuun Jod 000°001T ded gojva yivep orvuwayg

nE agva,

33

P

L'v (L1411 G SRR o




£62%1
g 1ivst
1716861
6°GECT
0" L2891
8°EPLY

£E°GaST
(LR 2: 00 ¢

L LSP
T T1GST
6 8get
0" L8t

6 ErLt

v LTl
06021
vV 6GIT
£ €201
| AR AR
£ 2011

VP RLIT
E'VETT

9° VeIt
P GBIT
£ 8201
LA ANN1

g zZotr

rR-08

TORUARIP JO RUOTITUTFOP 19107750 Ut ephuwid 03 onp Kyrryan

ey

6°sat
LA 4 44
0°one
E'eLe
2°89¢
G €92

G 9Sh
$° 029 G /LD
97696 6 zoL oLy
T V56 8°SLY 0" GIF
L §S6 9° 0D VoL
9°26L v 8LS 0°95€E
£ L6L #°E8Y
0°L7L
9° 696 c 029 6 9ck
£ EAG g LeL 28112
2 506 Z° 199 £ ey
L° 956 8°GL9 pOLY
9°76L 9° %09 0 61
€ LGL v 8LS VLT
otz T 8 8 0 0cE
6L-SL . ¥L-0L 69-G9

2716
v 0tt
0" tet
AR A L
G LPT
b SPI

‘ov

Del

1°0¢
0°vs
L709
v-ezL
S'LL

HIENQ 3.A010)

801
¢°61
612
v'ee
8’82
9°LE

0°9
L'L
S'L
1'6
£°01
vt

dedwon uy exveIq olouap sauyy uoo.1g

[ ]:2 4 ¢ 16 € ov 8 91 0°'9 LA 91
(138144 £ ot1rY 0° 18 1°02 £'8 o'y 0"z
e TR e T e T e R TR T
0°0R8% 0 181 0°re 612 $°L (1 4 21
£°%Le £ erT L709 | 244 T°6 't vI
9°89% 6°LbT v'gL R AC £ 0T [ 4 St
T T L 7 S TR T

wiFna Toxodwe g
¥N-09 65-C¢C vS-0S Gr-Gy tv-0r GE-S¢ vE-0f

Wvop v oly

‘OrGT T Cunp
96T 1 .::m
I€6T 1 “wnp
9761 1 “unp

161 T “uuwp

JT6T 1 Cwep

Ti61 tuwp

- e

9061 Tuwp

1061 £ "uwp

9681 T “wup
168T T “uwp
‘9RRT T “uwp
1881 1T “uwp

gLBRT 1T "wvr
TL8T T “wnp
9981 1 “uwp
19RT [ “uup

TWIrTq jo
fa)np m:hﬂ=ﬂo

HOEGY

FL-TLGT
0L-R9G6T

LD-2961
S9-1961
09-9561
SG-1S61T

0S-9161

POIOADD pojaag

SIFUQ 210402 © puv BiRwq [edoduie] ¥ U0 6O [WAM paw punyfug ug (Ao

‘("RAGL ML W WID 'Z0S-00C a1

Wb aravil

T UIg "E6T-0GE G01) ROGT WOAF wwuqiEw puy nmorfiydma TEy3ou0oXq wodg puw
'TARY WIG ‘QOF UJI) LO6T 03 9r61 FIITuouorq woxgy mnuun aed 900’00t 1od Bajwr yiauep oTun

16



g a0t
s g1s
¢ eg9
6 veL
6" €921
6° et

S 260
S c0S

£°20%9
s g9
6°F8L
ARSIl

6 1021

0° S0t
09z L7 Vet
6' 267 #°09%
1°86€ V' L9T
L 67V Z°69¢
9°0F9 882y
L LIL .
0°9v3 0°S9t
6°I8Z 0° 061
£7208 . vole B 10%
1°80¢ 8°0%7
L 63v v LCZ
) z 69¢
61031 LIl i aer
v8-00 6L-SL

Lt QVeT 1 “uwg,
(L [+ 3 § 906t T “ume
9V : 8°0 TE6T T “unp
g 01 8+ 12 £ T 9261 T -uup
LT t°6 Z'v 0'g €1 1261 1 “unp
£°Le B9t 8L 6'E 9°% 8% 9TGT T "unp
S ey 12 8 £t 89 g Ty TI6T T “uwp
n°gy [ 0°€Z L1t 9°L 9°9 9061 T . unp
L 0T 6 LL 6 oV L ew 'Rl b 01 T06T 1 uup
802t 1°28 9Ly £°67 8°81 968T T “unr
g Lvt AR ] $'9g 1R 1681 1 "uwur
0°6PT 1011 Lo ORBL [ ‘ump
Z 961 v BLL 18RT T Cunp
£ 86T 9LBT T ‘unp
. / TL8T 1 Cunp
pogL 1 “wup
1981 1 “wuup
BRI
o3up inaauan
RIRTTY 33040
‘NRUOEIP JO SUOTITULIOP (WIDIFIO uy aau:::u 01 enp Lr1piquandmod uy na:oaa.auo=av.ma=dq uoNOIH @ION
L Tot 8°59 R 2 £l VLT s 0t 9p 0°E LT £L-1L61
0° 871 918 S ov ‘vioz 7 6T "0t 19 s'g 81 0L-B961
g7 bTt 12l 8°L& wRe SRt UL TN TTTTTTTRRUTTTTTTTR G © 19-9961
£°LrT 1°z8 6" 9t 0°€% SET . 8L t Al 3 13 . B0 S9-1961
0 6v1 £'Eg 8Ly L'EZ Lt 19 6°E oz 1 09-9661
7 961 1011 - 9799 £ 62 L9761 9L 8'e 9°2 £ 1 $G-TSG1T
tTeee bRty LR 1k TTger TR T o0 tv TR 0S-9161
PAIDA0D poTaag
Aafruq (naodmog, o
vL-OL 69-¢9 v9-09 Gg-¢¢ ¥6-06 6U-CF TF-0b GE-9F VE-OF

wivap v oly

BIRUQ 3010

2 ¢ pun Fiseq [U.0dmOY W N0 FIINN puvy pusrAug UF (A4 ue .ﬁamxoav UJ1) gn61 wWoxy wayjIru puu vuasAqdus .nﬁa«:v=0ha woxgy puv
‘("®sA0x YIL § W1 ‘T09-00S GOL '"ASX WIG '90V 4O1) LDGT 03 PYGT SEITUOUOIq woxx uwnuun xod QpO'0o1 J4°d BAIVNX HIWep elumeg

AT dava

17




3.3

Estimates of cumulative constant tar cigarette consumption per adult

The purpose of this section is to provide estimates of the
cumulative constant tar cigarette consumption (CCTCC) by cohorts of
men born after 1830 and of women after 1855, and to consider these
estimates in relation to the death rates given in section 2. As

explained in Smoking Patterns, "constant tar cigarettés" are the

number of cigarettes which would have been smoked if smokers had
drawn the same total weight of particulate matter (i.e. tar) into
their mouths as they had obtained from the cigarettes actually
smoked but had been smoking cigarettes which were the same as the

average cigarette smoked in 1965.

As the cigarette consumption of successive cohorts of men and women
was not observed at the time, the estimates of consumption are an
exercise in historical reconstruction. While they are based on what
are thought to be the most probable assumptions, the estimates
inevitably contain areas of uncertainty: the procedure has therefore
been described in some detail here and in Appendix B. In particular,

two basic assumptions have been made.

Basic assumptions

The first basic assumption is that, before 1935, the age distribution
of cigarette smokers of each sex was similar to that of the same sex

in 1935-39. The second assumption is that the average amount of tar

delivered per cigarette in each year prior to 1965 was the same as

in 1965.

This first assumption has the effect of freezing the age-distribution
of smokers in each sex. Consequently, as reported in paragraph A.4

of Smoking Patterns, if a surge in consumption had been working its

way through first the youngest and next the middle age groups - as

may have happened when women first started to smoke -~ this would not
show up in the consumption estimates which have been made for the
different age groups in successive years. On the other hand, errors
of this nature are likely to have been largest when consumption levels
were lowest. In consequence, the CCTCC estimates are still likely

to provide a reasonable representation 6f the ways in which cumulative
cigarette consumption by successive cohorts has changed. Further,

from 1935 onwards the CCTCC estimate for each cohort will tend more

18
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3.

and more to be dominated by components of consumption from more
recent years where knowledge of the age-distribution is more

reliable.

The second assumption, namely that the average amount of tar
delivered per cigarette in each.year prior to 1965 was the same as
in 1965, is based on three observations. Firstly, as Table B.4
shows, the average weight of British cigarettes remained
approximately unchanged from 1920 to 1935. Secondly, some

evidence is available from surveys of butt lengths left by smokers,
although back only as far as 1958, which showed that there had been
no significant change in the proportion of each cigarette smoked by
the average smoker over the years. Thirdly, it was a major
objective of the cigarette manufacturers to meet in as unchanged
form as practicable the precise types of demand which cigarette
smokers had long established. Although the yield per acre of U.S.
flue-cured tobacco, which has been the main constituent of British
cigarettes, increased from 856 1lbs. in 1934-39 to 2,211 1bs., in

1964 causing the "body" and weight of individual leaves to decline,

the resultant reduction in tar delivery per leaf would have been. . ...

compensated to some extent By the increase in the number oi leaves
required to make up a given weight of tobacco. Nor is the fact
that, after 1955, the demand for filter cigarettes began to become
significant (the proportion which filter cigarettes formed of total
sales increased from 2% in 1955 to 53% in 1965) likely to have made
our assumption seriously inaccurate, as the effect of filters on

tar delivery did not become marked until after 1965.

Estimates of cumulative constant tar cigarette consumption (CCTCC)
on the two assumptions described are given in tables 5.M and 5.W.
The principal conclﬁsion which emerges from a comparison of CCTCC
and the lung cancer death rates of men in table 1.M is that in
several age groups there were some later cohorts which had greater
CCTCC than the cohort with the highest lung cancer rate. The
following table gives for each age group the cohort or cohorts which
had CCTCC greater than or equal to that of the cohort with the
highest lung cancer rate. The cohort with the greatest CCTCC at

each age is underlined:
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Table 6

Male cohort which had Male cohorts which had

an, aTREITR e e

highest lung cancer rate
_Np{?h

30-34 1916 1921

35-39 | 1916 19215 1926

40-44 1916 1921

45-49 , 1911 1916, 1921

50-54 1906 1911, 1916, 1921

55-59 1901 1906, 1911, 1916

It is natural to ask what changes in the basis of estimating the tar
deliveries of cigarettes prior to 1965 would be required in order to
cause the peak levels of CCTCC and of the lung cancer death rates to
be reached in the same cohort, and whether‘these chénges would

be large. Assumptions about pre-1965 tar deliveries which might
bring about this synchronization of CCTCC and lung cancer death
rates for at least some ages are, for convenience, termed “the
synchronization assumptions", and while many such assumptions are

possible, two in particular are considered here.

‘Synchronization assumptions

Table 7 gives for six periods of time, namely, up‘to 1929,'1930—39,
1940-49, 1950-59, 1960-64 and 1965 onwards, threé alternative sets
-of tar indices. The first of these is the one we have used for
our main conclusions and is based on the second of the two basic
assumptions (describedvin paragraph 3.5). The other two represent
alterﬁatives based on assuming that tar yields in earlier fears
were higher than in 1965. We have not considered alternatives in
which they were lower in early years as it is clear that these

would have the effect of moving the peaks of CCTCC and lung cancer

apart. Nor have we considered alternatives in which there was a
short period of high tar rather than a trend as such a period would

contribute approximately equally to each cohort passing through it

20




and affect the position of the peaks very litt1e1

Table 7

Alternative tar indices

Assumption Egzgo 1930-39 1940-49 1950-59 1960-64 1965 Onwards
2nd basic
assumption 100 100 100 100 100 As table B.2
Synchronization " ‘
assumption I 110 110 105 100 100 As table B.2
Synchronization :
assumption II 150 140 130 120 110 As table B.2

A relatively small increase in tar deliveries above those in the
basic assumption, such as those given in synchronization assumption I
in table 7, would cause the peaks in CCTCC at ages'30-34, 35~39 and
40-44 to occur in the 1916 cohorts of men instead of in the 1921
cohorts, and thereby to coincide with the lung cancer peaks. Rather
larger increases in the assumed tar deliveries in earlier years would
be necessary to cause Synchronizatidn of the CCTCC and lung cancer .
peaks in men aged _45-49. On the other hand, not even relatively
extreme assumptions about fhe level of earlier tar deliveries per
cigarette, such as those given in synchronization assumption_II in
table 7 (which assumes that tar delivefies would have been 50%
higher prior to 1930 than we have estimated) would cause theée peaks

in CCTCC and lung cancer at ages 50-54 and 55-59 to coincide. The
conclusion that the cohorts with peak CCTCC were born later than the
cohorts with peak lung cancer rates seems theréfore to be soundly

based, especially when ages of 50-59 are considered.

.9 Like the male lung cancer death rates, male bronchitis death r#tes
in each age group (table 4.M) reached a peak in a cohort born
earlier tham the cohort in which CCTCC reached a peak. The

) following table gives for each age group the cohort or cohorts which
had éCTCC greater than or equal to that of the cohort with the
highest bronchitis rate. The cohort with the greatest CCTCC at each

age is underlined:
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.10

.11

.12

Table 8

Male cohort which had Male cohorts which had

I i b T s e o e
T rate for this age the highest bronchitis rate
30-34 1916 e 1921

35-39 1911 1916, 1921, 1926

40-44 1906 1911, 1916, 1921, 1926
45-49 1901 1906, 1911, 1916, 1921, 1926
50-54 1896 1901, 1906, 1911, 1916, 1921
55-59 1896 1901, 1906, 1911, 1916
60-64 1901 1906, 1911

65-69 1896 1901, 1906

There are no plausible assumptions about tar deliveries in years
prior to 1965 which would cause the peaks in CCTCC for the age groups
40-59 to occur in the same cohorts as those in which the bronchitis

death rates reached their peak.

Interpretation of the evidence

There are some points which should be borne in mind when interpreting
the cohort evidence on Smoking and death rates, though they do not

affect the conclusions reached in paragraphs 3.8 and 3.9.

Firstly, where the peak level of consumption up to a particular age
by a cohort has not greatly exceeded the consumption by adjacent
cohorts, there is doubt as to the precise cohort in which cigarette
consumption by that age had reached its peak. This is because the
two assumptions described may not have been wholly accurate. There
is thus some doubt whether CCTCC by the 50-54 age group reached its
peak in the 1911 or 1916 cohort.

Secondly, it is necessary to bear in mind that successive cohorts
may have been subject, at the same ages, to different standards of
diagnosis. Consequently, where a peak lung cancer death rate did
not greatly exceed the rates in later years, there may be some

doubt as to the actual year in which the peak was reached. In the
50-54 age group of men for example, the highest lung cancer death

rates for the 1901, 1906 and 1911 cohorts were within about 2% of
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3.13

each other. The effect of improved standards of diagnosis, however,
is to increase the death rates of later years relatively to those of
earlier years so that, on a comparable basis, rates for earlier

years tend to be under-stated.

The third problem of interpretation lies in the fact that CCTCC -
estimates by cohorts in tables 5.M and 5.W represent arithmetic
totals of cigarette consumption, on a constant tar basis, over
periods in which individual durations of the smoking habit may have
varied. Papers by Armitage, Doll, Lee, Peto and others in recent
years have shown that data relating to cancer, particularly lung
cancer in men and skin cancer in laboratory animals induced by
cigarette smoke condensate, can be explained by multi-stage models
which are basically similar in principle. In all these models, the
contribution of the carcinogen to the risk of cancer takes the form
of a function which depends non-linearly on the duration of exposure
to the carcinogen. In particular, Peto et al. (1975) have quoted
figures which showed that, under certain assumptions, "lung cancer

incidence rates are proportional to the fourth power of duration

‘of smoking". This would imply that a person who had smoked a~given -

daily amount for a given length of time would be at much more than
twice the risk of lung cancer of a smoker who had smoked the same
amount for half that length of time although the CCTCC estimate of
the former would be only double that of the latter. Nevertheless,
CCTCC is a useful statistic when applied to cohorts of men or
women who have been smoking since age 16. (Cigarettes smoked by

children have been excluded from the estimates made in this paper.)
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Appendix A

é Classification of deaths by Registrar General of England and Wales

A.l The underlying cause of death is classified by the Registrar General
i according to the International Statistical Classification of Diseases.
The last condition mentioned in section I of the British death
certificate, which initiated the train of events leading to the fatal
i outcome, is accepted as the underlying cause of death unless coding
rules alter this. The comparability of the death rates of successive
cohorts over the periods covered in this paper may have been interrupted
by changes in definitions of the diseases whenever a new revision of
the International Statistical Classification of Diseases was introduced.
The 5th revision of I1.C.D. completed in 1938 was adopted in the

Statistical Review of the Registrar General of England and Wales from

1940, the 6th revision completed in 1948 was adopted from 1950, the

7th revision completed in 1955 was. adopted from 1958 and the 8th
revision completed in 1965 was adopted from 1968. The introduction

of the 6th revision in 1950 made a number of changes in the official

f definitions of the diseases covered in the present paper, and the death

rates for 1946-50 from heart disease, stroke and bronchitis wére

consequently not strictly comparable with later figures. The changes
introduced in the 7th revision in 1958, on the other hand, were very

slight, so that the death rates from 1950 to 1967 were closely

comparable., The changes made in the 8th revision, introduced in- 1968,
were again considerable. The Registrar General has provided formulae

(Part III, Commentary, of the Registrar General's Statistical Review

of England and Wales for 1967) whereby deaths classified under the 7th

and 8th revisions of I.C.D. can be made more comparable. The same
formulae, however, is provided for all age groups in respect of each

cause of death whereas comparison of the deaths before and after the

8th revision suggest that at least in deaths from bronchitis, different

conversion factors are required for older and younger age groups.

A.2 The death rates of the cohorts in tables 1.M and W to tables 4.M and W

are arranged so that the death rates at successive ages of the same cohort
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are on the same line. Consequently, the death rates at different ages
for the same period of five years (e.g. 1951-55) are to be found in
the appropriate ascending diagonal. This can be seen more clearly in
tables 3.M and W and 4.M and W, where the death rates are given on
both a cohort basis and a temporal (usually 5~year) basis. The death
rates by cohorts in tables 1.M onwards are based on the death rates
for five years except for the last figure in each line, which is based
on three years only (namely, 1971-73). The first death rate figure
for each age:group in the cohort table is based on the death rates for
1911-15 for lung cancer, on those for 1946~50 for stroke and
bronchitis,-and those for 1951-55 for heart disease. The central years
of birth of each cohort are five years apart, except for the last
cohort born around January 1lst, 1940, which was only four years later
than the preceding cohort, born around January lst, 1936. The year
1936 was central to the five years 1934-38, whereas 1940 was central

to the three years 1939-41,.

The lung cancer death rates in tables 1.M and W are those classified

under I.C.D. 162-164 of the International Classification of Diseases

for the years 1950-67 and under I.C.D. 162-163 thereafter. The

death rates in tables 1.M and W for the six five year periods from
1911-15 to 1936-40 are those published by Case and Pearson (1957) .
The death rates for the last six periods from 1941-45 to 1966-70,

have been obtained from 0.P.C.S. Study No. 29, Cancer Mortality,

England and Wales, 1911-70. A major change of definitiomn took place

from 1968, when deaths from malignant neoplasms of the lung, unspecified
as to whether primary or secondary, were transferred from I.C.D. 163

to 162, and I.C.D. 164 (malignant neoplasms of the mediastinum) was
transferred to 163, but there has been little change in the coverage

of I.C.D. 162-164 combined since 1950. The full definition of the
figures in tables 1.M and W since 1968 has been death rates from
malignant neoplasms of the trachea, bronchus, lung and other respiratory
organs, whether the disease was primary, secondary or unspecified. The
"other" respiratory organs are the pleura, mediastinum or unspecified

respiratory sites.



greatest changes in the definitions of the diseases covered by
is paper made by the revisions to the International Classification
Diseases were in the definitions of heart disease. Heart disease
1s defined by I.C.D. 94 of the 5th revision, introduced in England
and Wales in 1940, as diseases of the coronary arteries and angina
pectoris. This definition was changed in 1950, when the 6th revision
of I.C.D. was introduced, to arteriosclerotic heart disease including
coronary disease (I.C.D. 420 of the 6th revision). In addition, there
were 1.C.D. 421 ("chronic endocarditis not specified as rheumatic")
and 422 ("other myocardial degeneration'). This last was sub-divided
into 422.0 (""fatty degeneration'), 422.1 ("with a;tgriosclefosis")
and 422.2 ("other diseases included under 422"). The same classifications
were continued in the 7th revision of I.C.D. When the 8th revision was
introduced in 1968, further extensive changes were made in the official
definitions of heart disease. I.C.D. 420 of the 6th and 7th revisions was

re-distributed among the new I.C.D. 410 ('"acute myocardial infarction'),

v411 ("other acute and sub-acute forms of ischaemic heart disease'),

412 ("chronic ischaemic heart disease'), 413("angina pectoris') and 414
('asymptomatic ischaemic heart disease" - for which no deaths are recorded
in England and Wales). The combined totals of I.C.D. 410-414 currently
represent deaths from ischaemic heart disease. The problem of
maintaining continuing comparability of the heart disease death rates
was thus difficult, but the problem was largely solved when Wald (1976),
referring to unpublished work by J.I. Mann, pointed out that I.C.D. 420
and 422.1 of the 7th revision of I.C.D. together closely matched 410-
414 of the 8th revision (ischaemic heart disease). In 1967, 5,288
male deaths and 9,342 female deaths were recorded under I.C.D. 422.1

of the 7th revision, and these formed respectively 49.5% of the male
deaths and 46.9% of the female deaths recorded under I.C.D. 422 in 1967.

When the Registrar General (in Statistical Review, 1967, Commentary,

P. 295) analysed the changes effected by the 8th revision of 1I.C.D. he
estimated that 44.3% of male deaths and 42.1% of female deaths included

in 1967 under'422 of 7th revision would have been included under I.C.D.
410-414 of the 8th revision. The closeness of the two sets of percentages
suggest that I.C.D. 422.1 of the 7th revision should, as Wald has stated,

be regarded as having been included in 410-414 of the 8th revision. The
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figures further suggested that deaths which would have been
classified under I.C.D. 420 and 422.1 of the 7th revision together
formed a very large proportion of the deaths recorded under 410-414
of the 8th revision. The relevant figures are given in tables

A.4M & W.

The éase for combining I.C.D. 420 and 422.1 for the period 1950-67
is strengthened by two further considerations. Firstly, as age
increased the»deathsvrecorded under I.C.D. 422.1 increased more
rapidly than those recorded under 420, and for the years 1951-60,
the numbers of deaths of men and women aged 85+ recorded under 422.1
exceeded those recorded under 420, Secondly, during the period
1951~67, the death rates from diseases recorded under XI.C.D. 422.1
declined sharply in both sexes at almost all ages. in most age
groups, the reduction between 1951-55 and 1966-67 was at least 50%
and in the 60-69 age groups it was 70%. This suggests that many
deaths which would have been recorded under I.C.D. 422.1 in the

early part of the period 1951-67 were increasingly recorded under

420 in later years, and that the increasing death rates reported

from forms of hedrt disease recorded under 420 during this peribdsi+
were to some extent a statistical artefact. It was therefore
decided to define deaths from heart disease in the main tables
(namely, tables 2.M & W) of this paper for the years 1951-67 as
being the deaths under 1.C.D. 420 and 422.1 combined. This
procedure, howéver, has increased the break in continuity of the
heart disease death rates at 1950, and figures prior to 1951 have

therefore been omitted from tables 2.M & W.

The definition of stroke has also undergone several changes. Under
I.C.D. 83 of the 5th revision introduced in 1940, the disease was
defined as intracranial ‘lesions of vascular origin, and the death
rates of the years 1946-49 are based on this definition. In the
6th revision introduced in 1950, the definition was enlarged to
vascular lesions affecting the central nervous system and became
I.C.D. 330-334. The definitions and the I.C.D. numbers were not
changed in the 7th revision but with the introduction of the 8th
revision in 1968, the official definition was altered to
cerebrovascular disease, 1.C.D. 430-438. These changes, however,
appear to have had only minor effect on the continuity of the death

rates. The Registrar General provided factors in 1967 for converting
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deaths on the old definition to deaths on the new definition. It
has been thought preferable to adopt a different procedure in this
paper. It has been decided to accept the breaks in the continuity
of the death rates in 1950 and 1968, and consequently the average
death rates have been presented on a temporal basis for 5-year or
shorter durations for three discrete periods (in tables 3.M & W).
On the other hand, the death rates of the different cohorts are
those which were actually recorded on the basis of the

definitions in operation in the years concerned.

The death rates from bronchitis for 1946-49 in tables 4.M & W are

based on the definitions of bronchitis contained in I.C.D. 406 of

the S5th revision of I.C.D. introduced in England and Wales in 1940.

The disease was reclassified under I.C.D. 500-502 when the 6th
revision was introduced in 1950. This change appears to have had
relatively little effect on the comparability of the bronchitis
death rates. The 7th revision of the I.C.D. left the definition
of bronchitis unchanged. The 8th revision, introduced in 1968,
widened the definition of the disease to include emphysema
without bronchitis and asthma in I.C.D. 490-493, which currehtly
therefore covers bronchitis, emphysema and asthma. As with the
death rates from stroke, it has been thought preferable, with
these changes of definition, to present the death rates from
bronchitis in tables 4.M & W, on both a temporal and a cohort
basis, and in the former to present the figures in three discrete

periods of comparability.
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Appendix B

Cigarette consumption estimates

Method of estimating cigarette consumption by age group in each year

The method used to estimate cigarette consumption per adult male and
female for each five year age group in each year during the period
1935~-72, when survey-based figures were not available, has been

described in Smoking Patterns. For convenience it is re-stated in

the paragraphs which follow.

The first step was to estimate the missing consumption per head
figures for 1946 and for 1948 onwards by assuming that the ratio of
the cigarette consumption of a five year age group to a broader age
group enclosing it in any year was the same as the ratio which later
existed in 1966-72. For example, consumption by men in the broad
age group 35-49 was known for the years 1956-65. It was assumed,
therefore, that the levels of cigarette consumption per adult male
for the 35-39, 40-44, 45-49 age groups of the 35~49 age group during
the years 1956-65 bore the same ratio to each other as they later
bore during 1966<72.

Estimates of the numbers of manufacfuréd cigarettes smoked per adult
male and female by the age groups 16-19, 20-24, 25-29, 30—34, 35-59
and 60+ during the years 1935-45 and 1947 had been prepared by

D.H., Beese in 1958. These estimates were therefore extended using
this constant ratio assumption. Estimates were given in Smoking
Patterns of the cigarette consumption pef adult for each five year

age group of men and women for each year from 1935-1972.

In order to produce the figures required in Smoking Patterns, it had

been necessary also to estimate the number of cigarettes smoked per
head per year from age 16 onwards during the years before 1935 by men
born in 1900 and by men and women bora in 1910, For this purpose,

it was assumed that consumption per adult by the age group concerned
bore the same ratio to consumption per adult for all age groups aged
15+ in the years prior to 1935 as they bore during 1935-39. Estimates
of counsumption by men and women separately aged 15 and over from 1920

onwards are shown in Statistics of Smoking in the United Kingdom.
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For the years before 1920, when estimates of the weight of tobacco

smoked in the form of cigarettes, but not the number of cigarettes,

were available it was assumed that during the years 1905-1919 the
é\weight of tobacco per 1,000 cigarettes sold in the U.K. would have

| averaged about 2.2 lbs in each year. This figure was therefore used

!

1‘in Smoking Patterns to convert the estimates in weight to number of
cigarettes back to 1905. The numbers of cigarettes so obtained were
then divided by the U.K. adult male population. Since women did not
start smoking manufactured cigarettes in significant quantitieé until
1921, it could be dssumed that all the cigarettes consumed before

this year were smoked by men.

For the purposes of the present paper it was necessary to extend the
estimates of the numbers of cigarettes smoked froﬁ 1905 back to

1888 when men first started to smoke manufactured cigarettes in
quantities which exceeded 100,000 1lbs per annum. It was again
assumed that the weight of tobacco per 1,000 cigarettes averaged
2.2 1bs in each year. The estimates of the total number of
cigarettes consumed were then divided by the U.XK. male population

aged 15 and over in each year.

It &as further assumed that, for any year before 1935, a reasonable
estimate of consumption per head by each age group could be obtained
by applying to the total consumption for that yeér the proportion
which consumption by each age group in 1935-39 bore to total
consumption. These estimates per year per age group were rounded to
the nearest 50 cigarettes. Similar estimates were made for
cigarette consumption per head by age group for women for the years
1921-1934., In addition, the estimates of cigarette consumption for

men and women for the years 1935-72 published in Smoking Patterns

were up—-dated to 1975. The complete series of cigarette consumption
per adult by age group for men from 1888-1975 is shown in table B.1M
and the corresponding figures for women from 1921-1975 in table B.1W.

Correcting for variation in tar yields of cigarettes

The next étep was to convert the estimates from the current cigarette
basis to the constant tar basis, as defined earlier im paragraph 3.1,
by applying the indices of tar per cigarette given in table B.2,

which are based on data supplied by the cigarette manufacturers.
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B.11

The resulting estimates of cigarette consumption on a constant tar

basis are given in tables B.3M & W.

The estimates of average tar and nicotine deliveries per cigarette
of the cigarettes smoked in the U.K. from 1965 to 1973, which were

published in Smoking Patterns (tables 8 and 9), are extended to

1975 in table B.2, and further extended in table B.4 to give the
avefage tar and nicotine deliveries for plain and filter cigarettes
separately from 1965 onwards. It has to be emphasised, however,
that these are averages per cigarette, and that in considering the
average tar and nicotine intake per smoker or per adult, it is
necessary to take into account the average number of cigarettes

smoked per head.

Tﬁe measurement of tar and nicotine yields of the smoke of

commercial brands of cigarettes on a systematic basis started only
about 1963-65 (the figures for 1964 did not differ significantly

from those of 1965), and tﬁe only data we have available before that
period is difficult to interpret, being based on two air-tight tins

of cigarettes about 40 years old discovered in 1973. This data is
considered~“Tater (Appendix C), but we have attdched more weight to
what can be deduced from the rather more substantial evidence

that is available, as described in the following paragraphs, including

that about the weights of tobacco smoked per cigarette.

The average weight of tobacco per 1,000 plain ﬁnd filter cigarettes
can be calculated from figures published in Todd (1972), and the
resulting totals back to 1920 are given in table B.4. These
figures, however, relate to the weights of tobacco in thé cigarettes

as manufactured, and what are required are estimates of the average

weights of tobacco smoked‘in plain and filter cigarettes respectively.
Allowance has therefore to be made for the amounts of tobacco in

the discarded cigarette butts. Surveys of the butt lengths left by
smokers of the different types of cigarettes then on the market were
carred out on behalf of the Tobacco Research Council in 1958, 1962
and 1972, The results of the surveys in 1958 and 1962 were pdblished
by Todd (1963), and the results of the 1972 survey are summarised in
table B.5. The 1972 survey was the most comprehensive survey and
showed that, at that time, about 70% of the tobacco in plain

cigarettes and about 88% of the tobacco in filter cigarettes (on a
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sales-weighted basis) was smoked. The results of the survejs in
1962 and in 1958 did not differ significantly from the 1972
estimates. It was therefore decided to take 70% and 88% as
representing the proportions of tobacco in plain and filter
cigarettes respectively which were smoked in each year. The
resulting average weights of tobacco smoked per 1,000 cigafettes
are included in table B.4. As will be seen, the average weight
pf tobacco smoked per 1,000 cigarettes in 1965 was 1.55 1lbs., and
the highest figure previously recorded was 1.57 lbs.

B.12 A change which might have been expected to have had an effect on the
tar delivery of British cigarettes since 1920 is the reduction in )
the texture and body of U.S. flue-cured tobacco duing the period
1935~65. This reduction has already been referred to in paragraph
3.5 and was brought about by the farmers placing the plants more
closely together and applying incréasing quantities of fertilizer.
However, the reduction in the average tar delivery per leaf would
have been offset to some extent by the increase in..the number of
leaves required to make up a given weight of tobacco, so the

overall effect on tar'delivery per weightﬁofﬂtobacco smoked may not

have been marked.

.13 Calculation of CCTCC figures from annual c¢omponents

The final stage in calculating the CCTCC figures of tables 5.M and
5.w wasrto accumulate consumption over time for the various cohorts
using as basic data the consumption by age group figures from )
tables B.3M and B.3W for 1965 onwards and those from tablesrB.lM and
B.1W bhefore 1965. The ﬁethod of accumulation used in this paper is

somewhat different from that used in Smoking Patterns. In Smoking

Patterns, single year cohorts were followed through and CCTCC
calculated up to the end of an age group. In this paper CCTCC
estimates were calculated in such a way as to make them directly

comparable with the mortality figures.

.14 The clearest way to illustrate the method of calculation used is by
an example. In table 1.M the male death rate from lung cancer of
367.3 for the 60-64 age group for the cohort with central date of
birth January lst, 1901 was calculated by averaging the five death
rates for 60-64 year olds for the five separate years, 1961, 1962,
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1963, 1964 and 19635, As illustrated in figufe 1, this procedure
involves people born over a 10 year pericd, from January lst, 1896
to Japuary 1lst, 1206 (actually, Deﬁember 31st, 1905). Imn figure 1,
the data relating to a particular cohort is represented in the row
of figures opposite the date oI birth, the data relating to a
particular age in the column of figures below the age, and the data

for 2 particular calendar year in the appropriate upward diaéépgzl

The population considered in the mortality estimates are those

people falling within the diamond formed by the heavy lines. Although
there are slight variations in population distribution by cohort and
by age within the diamond, these have been ignored in the estimates
and the average CCTCC per adult has been computed assumirg the

adults to have been uniformly distributed over the diamond.

- Calculation of the CCTCC for these diamonds was complex and details

of the derivation of the formulae used are available on request.

For present purposes, it is sufficient %o illustrate part of the

calculations for this particular diamond.

a) Contribution of consumption at age 15-19 to CCTCC

Year Consumption Coefficient | _Product
1912 730 1 730
1913 800 7 5600
1914 850 19 64 16150
1915 1000 3ZQ 37000
1916 1000 60 60000
1917 1100 82 90200
1918 1150 94 4B 108100
1919 1450 94 - 136300
1920 1350 82 110700
1921 1250 50 75000
1922 1200 37 ' 44400
1923 1130 10 Iy 21850
1924 1200 7 8400
1925 1300 1 1300

Gov —_—

Total 715750

Contribution = Total/130 = 4771.67

4




FIGURE 1

Cohorts represented in CCTCC and mortdlity estimates,

50 60 61 62 63 64 65
Date of birth .

Jan.1 1894
1897

1898

1899

1900

1901

1902
1903
1904
1905

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

; Year Consumption ‘Coefficient Product

? 1916 1900 1 . 1900

: 1917 2050 7T 14350
1918 2100 19 e 39900
1919 2750 37 g 101750
1920 2500 61 ¢ 152500
1921 2400 88 211200
1922 2250 106 4 238500
1923 2200 := 1z . 246400
1924 2300 106 243800
1925 2450 88 215600

.- —
1926 2500 _ 61 152500
1927 2650 37 52 98050
1928 2800 : 19 " 53200
1929 2900 7 20300
1930 3050 1 3050
—
Y, Total

zzék; 1793000
Contribution =fotal/150 = 11953.33

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

The method of calculation for these age groups was identical and

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

except that the range of years was progressively shifted 5 years

? 1\ on with each successive age group, e.g. for the 25-29 age group

\‘the range was 1921 to 1935 and so on up to 1951 to 1965 for the
55-59 age group.

L

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

Year Consumption Coefficient Product
1956 3600 14 50400
1957 3750 ' 38 142500
1958 3300 56 e 184800
1959 3650 68 248200
1960 3650 74 270100
—_
1961 3850 61 234850
1962 3250 37 120250
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B.16

Year Consumption ' Coefficient Product

1963 3600 19 3 68400
v

1964 3150 7 22050

1965 2900 ' 1 2900

P

a9 /Total 1344450
Contribution = Total/150 = 8963.00

Finally all the contributions were added up and divided by 1,000
to give the figure in table 1.M of 171. The accumulations as
carried out were based on the detailed consumption figures before

they were rounded to the nearest 50.

For any diamond covering a five year age group anywhere from 20-24
up to 80-=84 the procedure was similar. Three sets of coefficients
were used; one for the age group 15-~19 (in which it was assumed no
cigarettes were smoked at age 15) as in a), one for each five year
age group from 20-24 up to, but not including, the actual age group
of the diamond as in b) and ¢), and one relevant to the age group
of the diamond. For a diamond actually covering the four year age
group 16-=19:& fourth set of coefficients was necessary, namely,
1,7,19,37,48,47,41,29 and 11, These covered the years from the

cohort central year +11 up to the cohort central year +19.
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Year

1965
66
67
68
69

1970
71
72
73
74

1975

Note

TABLE B.2

Indices of standard tar and nicotine per cigarette,

1965 - 75

Index of standard
tar per cigarette

100
96
83
76
76

72
68
65
60
58

57

Index of standard
nicotine per cigarette

100
96
88
83
80

175
73
71
69
66

65

For years prior to 1965, it is assumed, forﬁreasons stated in paragraphs

B.10 to B.12, that the index of standard tar did not differ significantly

from 100.
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Appendix C

The evidence of Gold Flake cigarettes

In 1973, two air-tight tins of 50 Gold Flake cigarettes were discovered
in the industrial archives of the Imperial Tobacco Company. One tin

was opened and the cigarettes machine-smoked. The cigarettes were
identified as having been manufactured in August 1933 or 1936 - it

was not possible to decide which - and were therefore regarded as having
been made "about 1935". When smoked in accordance with the present

smoking parameters laid down by the Department of Health and Social

.Security, the cigarettes delivered an average of 38.7 mg tar and

3.6 mg nicotine and thus had a tar/nicotine ratio of 10.8. The
cigarettes were 74 mm in length, contained 1.11 g of tobacco and were
smoked to the specified butt length in an average of 10.7 puffs of

35 ml each.

In the mid-1930's, Gold Flake cigarettes were longer than the average

of all British cigarettes. As stated in Smoking Patterms, the averagés

for all British cigarettes, on the basis of the Gold Flake figures,
might have been about 32.8 mg tar and 3.0 mg nicotine. On the procedure
adopted in this §aper, it was assumed that the average tar delivery

of British cigarettes in 1935, as in all years prioer to 1965, waS

31.4 mg. Judged by this one tin of 50 cigarettes, the Gold Flake

figures of about 1935 were :E;ii:xilar to this -assumed figure. .

The second tin of 50 Gold Flake cigarettes was identified as having

been manufactured during the war - the exact year could not be

. ascertained - and the cigarettes were machine-smoked in August 1976.

They produced results which differed materially from those of the
earlier cigarettes. The wartime Gold Flake‘cigarettes'delivered an
average of 49.1 mg tar, 3.26 mg nicotine and had a tar/nicotine ratio
of 15.1. The cigarettes had an average length of 73.2 mm, contained
1.11 g of tobacco and were smoked in an average of 12.3 puffs. The
tar figure of the wartime Gold Flake cigarettes would imply that the
average tar delivery of all British cigarettes at that time was about
45 mg per cigarette. This figure would be seriously inconsistent with
the - assumption that, prior to 1965, the average tar delivery per

cigarette was 31.4 mg.
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There are inevitably difficulties in basing estimates of the tar
deiivery of a brand of cigarettes on one tin of 50 cigarettes which
has happened to survive, The surviving cigarettes may not originally
have been a representative sample of the>year's output. In addition,
it is impossible to know what chemical and physical changes may have
taken place in cigarettes stored for 40 or more years, and how these
changes may have affected the deliveries of tar and nicotine when the

cigarettes were eventually smoked.

Further, owing to the difficulties of manufacture in wartime, the
cigarettes made at that time are likely to have differed in some

respects from pre-war cigarettes.

All measurements of tar and nicotine deliveries quoted in this paper
were defermined using the present parameters for machine-smoking of
cigarettes laid down by the Department of Health and Social Security.
These parameters are designed to simulate those used on the average
by human smokers in the U.K. at the present time. It is impossible
to know how far these particular parameters are representative of
those employed by smokers of British cigarettes. in the years prior

to the last war. For example, there is some evidence~that before

the war, British cigaretties had higher draw resistance than they

now have, and this could have led to them being smoked with a smaller

puff volume than, say, the cigarettes of 1965.

-

Tﬁése difficulties in intérpreting the results of tests of cigarettes
manufactured many yvears ago led us to adopt the procedure for
estimating tar deliveries described in this paper. We have compared
the results obtained from the assumptions which we have made with
those produced by a number of alternative assumptions and formulatidns.
We believe that, if the truth could be known, the assumptions we have

made would not be found to be seriously inaccurate.
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